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11 Simulations and simple
probability

11.1 Overview

LEARNING SEQUENCES
11.1. Overview
11.2. Theoretical probability and sample spaces
11.3. Multi-stage experiments (Arrays and tree diagrams)
11.4. Relative frequency and simulations
11.5. Review

CONTENT
In this chapter, students will learn to:
• perform simulations of probability experiments using technology
• recognise that the repetition of chance events is likely to produce different results
• identify relative frequency as probability
• identify factors that could complicate the simulation of real-world events [complex]
• construct a sample space for an experiment
• use a sample space to determine the probability of outcomes for an experiment
• use arrays or tree diagrams to determine the outcomes and the probabilities for experiments.

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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11.2 Theoretical probability and sample spaces
We come across probabilities in the media all the time; for example, ‘There is a 50% chance it will rain

tomorrow’ and ‘The Broncos have a
1

10
chance to win the next Premiership’.

Being able to calculate the probability of an event allows us to determine how likely it is to occur.
Probabilities are used in weather forecasting, in calculating the price of insurance premiums and in
determining the likelihood of winning games. It pays to know your probability!

11.2.1 The probability scale
Probability is a measure of the likely occurrence of an event.

The probability of an event occurring is measured with a scale ranging from and including 0 (impossible
event) to 1 (certain event).

Impossible Certain

Even

chance 

Highly

unlikely

Highly
likely

Very

unlikely

Very

likely

Unlikely Likely

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Less than

even chance

Better than

even chance

Probability can be written as a decimal number, fraction or percentage. For example, if the probability is

even chance, this may be written as 0.5, 1
2
or 50%.

The probability of an event (A) occurring can be denoted by P(A).
This means that, 0 ≤ P(A) ≤ 1 with P(A) = 0 if A is an impossibility and P(A) = 1 if A is a certainty.

11.2.2 Sample spaces
An outcome is a particular result of an experiment.

A sample space is a list of all possible outcomes.
If an outcome appears more than once, it is counted only once and written

once in the sample space.
A sample space is often listed as a set of outcomes. For example, the sample

space for the spinner at right is {pink, blue, green, orange}; the sample space
includes all of the colours on the spinner.

WORKED EXAMPLE 1

For each of the following experiments, list the sample space to show the possible outcomes.
a. A coin is flipped.
b. An arrow is shot at a target where there is a blue area, a white area, a red area and a black area.
c. A circular spinner with seven sectors that are labelled 1 to 7 is spun.

THINK WRITE

a. A coin has two sides: head and tail. List each
possible outcome.

When a coin is flipped, the two possible
outcomes are head and tail.
Therefore the sample space is {head, tail}.

Pdf_Folio:2

2 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland

UNCORRECTED PAGE PROOFS



“c11SimulationsAndSimpleProbability_print” — 2019/4/18 — 15:10 — page 3 — #3

b. There are four possible areas that the arrow
could hit on the target: blue, white, red and
black. List each possible outcome.

When an arrow is shot at the target, the
four possible outcomes are blue, white,
red and black.
Therefore the sample space is {blue,

white, red, black}.
c. There are seven different sectors on the spinner

so there are seven possible outcomes. List each
possible outcome.

When the circular spinner is spun, the
seven possible outcomes are 1, 2, 3, 4, 5, 6
and 7.
Therefore the sample space is

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

11.2.3 Calculating theoretical probability
A favourable outcome is an outcome that you want or are looking for.

The theoretical probability of an event can be calculated using the following
probability formula.

P(event) = number of favourable outcomes

total number of outcomes

Probabilities can be expressed as fractions, decimals or percentages. In this topic,
unless otherwise specified, we will express probabilities as fractions.
Equally likely outcomes have the same chance of occurring.

• For the spinner shown, P(blue) = 3

8
because there are three favourable outcomes (blue sectors) out of

eight possible outcomes (total number of equal sectors on the spinner).
• Orange and green are equally likely outcomes as they both occupy two of the eight sectors on the

spinner. P(orange) = P(green) = 2

8
or

1

4
.

• Pink is the least likely outcome as it occupies only one of the eight sectors on the spinner.

P(pink) = 1

8
. Pink has the smallest value for its theoretical probability.

WORKED EXAMPLE 2

A standard six-sided die is rolled.
What is the probability of rolling:
a. a 3 b. an odd number?

THINK WRITE

a. 1. The number 3 occurs once on a
die.

a. Number of favourable outcomes = 1

2. The possible outcomes are
1, 2, 3, 4, 5 and 6.

Number of outcomes = 6
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3. Calculate the probability of
rolling a 3.

P(3 ) = number of favourable outcomes

total number of outcomes
= 1

6

b. 1. The odd numbers are 1, 3 and 5.
There are six numbers on a die.

b. Number of favourable outcomes = 3
Number of outcomes = 6

2. Calculate the probability of
rolling an odd number. Write the
fraction in simplest form.

P(odd number) = number of favourable outcomes

total number of outcomes

= 3

6

The probability of rolling an odd number is
1

2
.

WORKED EXAMPLE 3

A normal pack of 52 playing cards is well shuffled and one card is drawn.
What is the probability of drawing:
a. a club b. an ace c. a red queen?

THINK WRITE

a. 1. There are 13 clubs in a deck of cards. a. Number of favourable outcomes = 13

2. There are 52 cards in the deck, making
52 possible outcomes.

Number of outcomes = 52

3. Calculate the probability of drawing a
club, making sure to simplify the
fraction.

P(club ) = number of favourable outcomes

total number of outcomes

= 13

52
= 1

4
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1. There are 4 aces in a deck of cards b. Number of favourable outcomes = 4

2. There are 52 cards in the deck, making
52 possible outcomes.

Number of outcomes = 52

3. Calculate the probability of drawing an
ace. Write the fraction in simplest form.

P(ace ) = number of favourable outcomes

total number of outcomes

= 4

52
= 1

13

c. 1. There are 2 red queens in a deck of
cards

c. Number of favourable outcomes = 2

2. There are 52 cards in the deck, making
52 possible outcomes.

Number of outcomes = 52

3. Calculate the probability of drawing a
red queen. Write the fraction in simplest
form.

P(red queen) = number of favourable outcomes

total number of outcomes

= 2

52
= 1

26

11.2.4 The complement of an event
The probability of the complement of an event is the
probability that the event discussed will not happen.

For example, if an event is ‘it will rain today’ then the
complement of this is ‘it will not rain today’. The other
way to interpret the complement is to recognise it as the
opposite of the event.

If the probability of an event is denoted by P(R), then
the probability of the complement is denoted by P(R′).

In order to calculate P(R′) it is necessary to understand
that the sum of the probability of an event and its
complement is equal to 1:

P(R)+ P(R′) = 1

This equation can be manipulated so it is expressed in terms of the complement:

P(R′) = 1− P(R)

For example, if the probability of rain today is
7

10
, then:

P(R′) = 1− 7

10

= 3

10
This means there is a 30% chance that it will not rain.
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WORKED EXAMPLE 4

Eli’s Maths teacher told him that he had a 70% chance of passing the final exam, based on Eli’s
prior exam scores.
a. What is the complement of this event?
b. What is the probability of the complement of this event? Give your answer as a percentage.

THINK WRITE

a. 1. The complement is if the discussed event will not
happen

a. The complement to Eli passing the
exam is not passing the exam.

b. 2. Use the formula to find the complement. b. P (passing) = 70% = 7

10
P (not passing) = 1 − P (passing)

= 1 − 7

10

= 3

10

0.25.
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Exercise 11.2 Theoretical probability and sample spaces

Note: Unless otherwise stated, express probabilities as fractions.
1. Match the words with one of the numbers between 0 and 1 that are given. Choose the number depending

on what sort of chance the word indicates, between impossible and certain. You may use a number more
than once. The numbers to choose from are 1, 0.75, 0.5, 0.25 and 0.
a. Certain b. Likely c. Unlikely d. Probable
e. Improbable f. Definite g. Impossible h. Slim chance
i. Sure thing j. Doubtful k. Fifty–fifty l. More than likely

2. List two events that have a probability of:
a. 0 b. 0.5 c. 1 d. 0.75 e. 0.25.

3. WE1 For each of the following experiments, list the
sample space to show the total possible outcomes.
a. A standard six-sided die is rolled.
b. A marble is randomly selected from a bag containing

4 green, 2 yellow and 3 blue marbles.
c. A letter is selected from the letters of the alphabet.
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4. WE2 A standard 6-sided die is rolled. What is the probability of rolling:
a. a 5 b. a number less than 3 c. an even number?

5. The letters of the wordMATHEMATICS 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?

6. A spinner of 8 equally likely numbers is spun. The spinner is numbered 1−8.
a. List the sample space.
b. What is the probability, expressed as a percentage, of obtaining:

i. an odd number
ii. a number that is less than 6
iii. the number 9
iv. a number that is at most 8?

7. Answer these questions for each of the following spinners.
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.
a. b. c.

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

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

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

bean from the bag.
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9. MC What is the probability of obtaining a number less than 5 on the spinner
shown?
A. 1
B. 0

C.
1

5

D.
4

5
10. WE3 A normal pack of 52 playing cards is well shuffled and one card is drawn.

What is the probability of drawing:
a. a heart b. a red card
c. an ace of diamonds d. a picture card (jack, queen or king)?

11. Draw spinners 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

12. What is the complement of each of these events?
a. Owning a dog b. Flipping a coin and getting a tail
c. Sleeping d. Attending school
e. Passing your learner knowledge test f. Owning a mobile phone

13. WE4 Eli’s Physics teacher told him that he had a 20% chance of passing the final exam, based on Eli’s
prior exam scores.
a. What is the complement of this event?
b. What is the probability of the complement of this event? Give your answer as a percentage.

14. There are three different colours of flowers in a
basket: red, yellow, and purple. Assuming that you
pick one flower from the basket, the complement
of picking a red flower is picking a purple flower.
True or false? Explain your answer.

15. If two dice are rolled, what are the probabilities that the sum rolled
numbers is:
a. 5
b. not 5
c. 6 or 7
d. not 6 or 7
e. 2
f. not 2?
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11.3 Multi-stage experiments (Arrays and tree
diagrams)
11.3.1 Arrays
When two events occur to form a single result, an array can be used to display the
sample space.

Consider an experiment in which a red die and a blue die are rolled, and the two
numbers that land uppermost are recorded. The array shows the sample space for
that experiment. There are 36 possible outcomes in this sample space.

Blue die

1 2 3 4 5 6

Red die 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)

An array is also useful when there are two events, but a different number of outcomes for each event. For
example, the array shows the sample space for an experiment where a coin is flipped and a die is rolled.

Die

1 2 3 4 5 6

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

T (T, 1) (T, 2) (T, 3) (T, 4) (T, 5) (T, 6)
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WORKED EXAMPLE 5

The two spinners shown are spun and the numbers
that are chosen on each spinner are recorded.
What is the probability of spinning at least
one 1?

THINK WRITE

1. Draw the array for the
sample space. Highlight
or circle the outcomes
that have at least one 1,
as shown in green.
There are 9 outcomes
with at least one 1.

Pdf_Folio:9

1 2 3 4 5

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

) (1, 5)
(2, 1)
(3, 1)
(4, 1)
(5, 1)
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2. Calculate the probability
using the formula. There
are 25 outcomes in the
sample space.

P (at least one 1) = number of favourable outcomes

total number of outcomes

= 9

25

11.3.2 Tree diagrams
OutcomesCoin 2Coin 1

H H

H T

T H

T T

H

T

H

T

H

T

Tree diagrams are used to list all possible outcomes of two or more events.
The branches show the possible links between one outcome and the next
outcome. The tree diagram at right represents the sample space for flipping two
coins.

When all outcomes are equally likely, probabilities can be calculated from
tree diagrams. For example, in the tree diagram shown, the probability of
obtaining one tail and one head can be calculated:

P(oneH and one T) = number of outcomeswith oneH and one T

total number of outcomes

= 2

4

= 1

2

Each event is treated as if it were a separate event, even if events occur at the same time. For example, the
example tree diagram applies to experiments where:
• two coins are flipped together
• the same coin is flipped twice.

WORKED EXAMPLE 6

The uniform committee at school is deciding on a new colour combination for the school uniform.
The two colour choices for the school pants, shirt and jumper are red and yellow.
a. Use a tree diagram to show all the possible combinations.
b. Calculate the probability that the uniform will consist of only one colour.
c. Calculate the probability that a red jumper will be part of the uniform.
d. Calculate the probability that the uniform will be red pants, a yellow shirt and a red jumper.

THINK WRITE

a. The three events are the colour of the pants, the
colour of the shirt and the colour of the jumper.
There are two choices for each of these.

a.

RRR

RRY

RYR

RYY

YRR

YRY

YYR

YYY

R

Y

R

Y

R

Y

R

Y

Jumper OutcomesShirtPants

R

Y

R

Y

R

Y
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b. For the uniform to consist of only one colour, all
pieces need to be red or all pieces need to be
yellow. There is one outcome with all red and one
outcome with all yellow. There are eight outcomes
altogether.

b. P(all one colour) = 2

8

= 1

4

c. Four of the outcomes have a red jumper. c. P(red jumper) = 4

8

= 1

2

d. Calculate the probability of each option and
multiple them together

d. P (red pants) = 1

2

P (yellow shirt) = 1

2

P (red jumper) = 1

2

P (RYR) = 1

2
× 1

2
× 1

2
= 1

8

Exercise 11.3 Multi-stage experiments (Arrays and tree diagrams)

Note: Unless otherwise stated, express probabilities as fractions.
1. A spinner is divided into 5 sections (red, blue, green, yellow and orange). A six-sided die is also rolled.

Draw the array for one spin of the spinner and one roll of the die.

3. MC A six-sided die and a coin are tossed at the same time. What is the sample space?
A. {1, 2, 3, 4, 5, 6, 7, 8}
B. {1, 2, 3, 4, 5, 6,H,T}
C. {(1,H), (2,H), (3,H), (4,H), (5,H), (6,H)}
D. {(1,H), (2,H), (3,H), (4,H), (5,H), (6,H), (1,T), (2,T), (3,T), (4,T), (5,T), (6,T)}

4. In the game of Pretzel, the two spinners shown are
spun and each contestant places the two body parts
spun in contact and holds them there until the next two
body parts are spun. If you fall over, you are out. The
winner is the last person standing.

Left

foot

Left

hand

Right

hand

Left

elbow

Right

elbow

Head

Right

foot

Left

knee

Right

kneeWhen the spinners are spun, what is the probability,
expressed as a percentage, that the contestants will need
to place:
a. their right foot on their head
b. their left elbow on a knee
c. their head on a foot
d. their left hand on a body part lower than their belly button?Pdf_Folio:11
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2. WE5 The two spinners shown are spun and
the numbers that are chosen on each spinner is
recorded. What is the probability of spinning
exactly one 5?
You must show your working using an array.
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5. A restaurant has the menu shown.

Pumpkin soup
Mini spring rolls

Pasta bolognaise
Grilled �sh
Beef curry

Entrée

Main course

Lemon pie
Ice-cream

Dessert

a. Use a tree diagram to show how many different combinations are
possible for a meal with one selection at each course.

b. If a person selects a dinner at random, what is the probability that:
i. they have soup for entrée
ii. they have spring rolls and curry
iii. they don’t have ice-cream for dessert
iv. they have soup and pasta but not ice-cream?

6. WE6 The uniform committee at school is deciding on a new colour combination for the school
uniform.

The two colour choices for the school hat, bag and hoodie are blue and white.
a. Use a tree diagram to show all the possible combinations.
b. Calculate the probability that the uniform will consist of only one colour.
c. Calculate the probability that a white hat will be part of the uniform.
d. Calculate the probability that a white hat, blue bag and blue hoodie will be part of the uniform.

7. For a fundraiser, your class is selling single-scoop ice-cream cones
at lunchtime. There is a choice of vanilla and chocolate ice-cream,
topped with chocolate curls, sprinkles or melted chocolate or no
topping at all.
a. Draw a tree diagram to show all the possible combinations of

ice-cream and topping that you could have from the stall.
b. If a person chooses an ice-cream at random, calculate

the probability that:
i. both the ice-cream and the topping are chocolate
ii. it is a vanilla ice-cream with sprinkles
iii. there is no topping on the ice-cream.

8. In your drawers at home, there are two white T-shirts, a
green T-shirt and a red T-shirt. There is also a pair of black
pants and a pair of khaki pants.
a. Draw a tree diagram to show all the possible combinations

of T-shirts and pants that you could wear.
b. If you get dressed in the dark and put on one T-shirt and

one pair of pants, calculate the probability that you put
on the red T-shirt and khaki pants.

9. In the last Science test, your friend guessed the answers to three true/false questions.
a. Use a tree diagram to show all the different answer combinations for the three questions.
b. Calculate the probability that your friend:

i. got all three answers correct
ii. got exactly two correct answers
iii. got no correct answers.
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10. Assuming that the chance of a baby being a boy
or a girl is the same:
a. Calculate the probability that a family with three

children has:
i. all boys
ii. two girls and one boy
iii. three children of the same gender
iv. at least one girl
v. two children of the same gender.

b. If the family was expecting another baby, what is
the probability that the new baby will be a boy?

c. If the family already has three boys, what is the probability that the new baby will be a boy?
d. If the family has three girls, what is the probability that the new baby will be a boy?
e. How likely is the combination of children shown in the photo at right?

11. 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.

12. A fair coin is flipped 3 times. What is the probability of obtaining at most 1 tail?

A.
1

3
B.

1

2

C.
3

8
D.

1

8
13. A spinner of 7 equally likely numbers (numbered 1–7) is spun twice and the two numbers are added.

Calculate the probability of obtaining a total of:
a. 2 or 14 b. 9 c. at least 12.

14. 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.

15. 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.

16. a. Use an array to display the sample space for an experiment where two dice are rolled and the sum of
the two numbers appearing is found.

b. List any patterns you found in the sample space.
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c. Copy and complete the following table.

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

Probability

d. List any patterns that you notice in the probabilities you found in the table.
17. In a new game, two dice are rolled and the difference between the two dice is noted. If the difference is

larger than 2, you win; otherwise you lose.
a. Use an array to find the sample space for the game.
b. Calculate the probability of winning (having a difference greater than 2).
c. Calculate the probability of losing (having a difference of 2 or less).
d. A fair game is one in which the chances of winning are the same as the chances of losing. Is this

game fair?
18. The game rock, paper, scissors is sometimes used to make a

decision between two people. It uses the three different hand
signs shown in the photo. On the count of 3, each player
displays one of the hand signs. If both players display the
same hand sign then the game is a tie. The photos show all
other possible results.

Rock

Rock breaks scissors

Paper Scissors

Rock wins

Paper wins

Paper covers rock

Scissors cut paper

Scissors wins

a. Draw an array to show all the possible combinations for a
single game of rock, paper, scissors.

Person 2

Rock Paper Scissors

Person 1 Rock

Paper

Scissors

b.

Calculate the probability that:
i. rock wins
ii. paper wins
iii. scissors wins.

c. Is rock, paper, scissors a fair game?
d. A friend suggested that you add dynamite to the

game with the following rules.
• Dynamite blows up the rock and wins.
• Dynamite has its fuse cut by scissors and loses.
• Dynamite sets the paper on fire and wins.

i. Modify your array in part a to include dynamite.
ii. Does each hand sign have an equal chance

of winning?
iii. Support your answer to part ii using the array and

probabilities.
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11.4 Relative frequency and simulations
11.4.1 Relative frequency
Often in real life it is not possible to calculate a theoretical probability for an event. In these situations, an
experiment is carried out.

An experiment that is repeated a number of times is called a trial and becomes part of a larger
experiment. For example, a die is rolled and the number is recorded. This is an experiment. If the
experiment is repeated another 49 times, the first roll of the die is now referred to as the first trial in
an experiment where the die is rolled 50 times.
A successful trial is a trial where the result is the outcome that you wanted.
The relative frequency, sometimes called the empirical or experimental probability, of an event is

calculated using the following formula:

relative frequency =
number of successful trials

total number of trials
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19. There are three different ways to go from school to the shops. There are two different ways to go from
the shops to the library. There is only one way to go from the library to home.

A

B
School

Home
Library

Shops

D

E

F

C

This afternoon you need to travel from school to home via the shops and the library.
a. Use a tree diagram to calculate the number of different routes you could use on your journey.

(Hint: Use the letters A,B and C to represent the different routes from school to the shops and D
and E to represent the different routes from the shops to the library. Use F to represent the route
from the library to home.)

b. Would the number of outcomes be different if we omitted the last leg of the journey from the library
to home? Why?

20. A die is rolled and 2 coins are flipped. Display the sample space using an appropriate method.

The relative frequency of an event for a very large number of trials gives an indication of the value of the
theoretical probability.

As the number of trials increases, the relative frequency of an event will gradually become closer in value
to the theoretical probability. This is known as the ‘law of large numbers’.

If the number of trials is large enough, the relative frequency can be used as an estimate of probability.
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11.4.2 Simulations
Sometimes it is not possible to conduct trials of a real experiment because it is too expensive, too difficult
or impracticable. In situations like this, outcomes of events can be modelled using devices such as spinners,
dice or coins to simulate or represent what happens in real life. These simulated experiments are called
simulations.

WORKED EXAMPLE 7

To simulate whether a baby is born male
female, a coin is flipped. If the coin lands heads
up, the baby is a boy. If the coin lands tails up, the
baby is a girl. Student 1 flips a coin 10 times and
obtains 3 heads and 7 tails, while Student 2 flips
a coin 100 times and obtains 43 heads and 57 tails.
a. Determine the relative frequency of females

in both cases. Give your answers as decimals.
b. Compare the

results from the two simulations and determine
which is a better estimate of the true probability.

THINK WRITE

a. 1. A baby born female is a successful
trial.
For Student 1: in the simulation,
females are tails. There were 7 tails,
so 7 females were born and there
were 7 successful trials out of 10
trials.
Write the formula for relative
frequency and substitute the results.

a. Student 1:

Relative frequency = number of successful trials

total number of trials

= 7

10
= 0.7

2. For Student 2: there were 57 tails,
so 57 females were born and there
were 57 successful trials out of 100
trials. Write the formula for relative
frequency and substitute the results.

Student 2:

Relative frequency = number of successful trials

total number of trials

= 57

100
= 0.57

b. 1. Compare the results of the two
simulations. Theoretically, there
should be an equal number of males
and females born, so we would
expect the results to be close to 0.5.

b. Student Relative frequency

1 0.7
2 0.43

2. Give your answer. The true probability is likely to be close to 0.5,
so Student 2 achieved the better estimate of probability.

As you can see from Worked example 7, the greater the number of trials, the better the estimate of
probability achieved.
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11.4.3 Using technology to perform simulations
Simulating experiments using manual devices such as dice and spinners can take a lot of time. A more
efficient method of collecting results is to use a list of randomly generated numbers.
Random number generators can generate a series of numbers between two given values; for example,

decimals between 0 and 0.9999. The following table shows some Excel formulae that generate random
numbers.

Formula Output

= RAND() A random decimal from 0 to 0.9999

= INT(6∗RAND ()+ 1) Integers between 1 and 6 that can be used to simulate rolling a
die. Both of these formulae can be modified to generate the type
of numbers that you require.

= RANDBETWEEN (1,6)

WORKED EXAMPLE 8

a. Use a random number generator to simulate the number of chocolate chips in 50 biscuits, with
a maximum of 80 chocolate chips in each.

b. Calculate the probability that there will be more than 30 chocolate chips in a randomly chosen
biscuit.

THINK WRITE

a. Use a random number generator to
generate 50 numbers between 0 and
80.
Use either of the following
formulas in Excel.
= INT(80*RAND() + 1) or
= RANDBETWEEN (1, 80)

a.

b. 1. Count the number of biscuits with
more than 30 chocolate chips.
There are 34 in the example shown.

b.

2. The probability is the number of
successful outcomes (34) divided
by the number of trials (50).

P(more than 30 chocolate chips) = 34

50
=

17

25

Pdf_Folio:17

CHAPTER 11 Simulations and simple probability 17

8 55 8 62 80 50 42 80 57 39

15 7 64 73 47 12 74 74 16 42

41 22 50 33 68 72 64 16 6 72

70 72 52 48 14 22 59 48 65 34

67 62 72 59 10 30 13 7 40 18

8 55 8 62 80 50 42 80 57

15 7 64 73 12 74 74 16

41 22 50 33 68 72 64 16 6

70 72 52 48 14 22 59 48 65

67 62 72 59 10 30 13 7 18

47

40

39

42

72

34
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11.4.4 Factors that could complicate simulations
Simulations are used to reproduce real-life
situations when it is not feasible to implement
the actual test.

The reasons for not conducting an actual test
can include financial or safety constraints, or just
the overall complexity of running the test.

Most simulations are conducted using
computers and various other mechanical devices.
For example, airbag manufacturers run airbag
tests using cars, but instead of using real humans
they use mannequins. These simulations are
fairly accurate, but they have their limitations.
One problem with the airbag simulation is the
difficulty of modelling the interaction of the
airbag with the seatbelt. There are numerous
other factors that can affect the success of the
airbag in an accident. Some of these factors are easy
to simulate, but others are not yet known or are too difficult to simulate.

WORKED EXAMPLE 9

Six runners are to compete in a race.
a. Explain how simulation could be used to determine the winner.
b. Are there any limitations in your answer?

THINK WRITE

a. There are six runners, so six
numbers are needed to
represent them. A die is the
obvious choice. Assign
numbers 1 to 6 to each
runner.

a. Each runner could be assigned a number on a die, which
could be rolled to determine the winner of the race. When
the die is rolled, it simulates a race. The number that lands
uppermost is the winner of the race.

b. In this simulation, each
runner had an equally likely
chance of winning each
game.

b. The answer depends on each runner having an equally likely
chance of winning the race. This is rarely the case.

11.4.5 Using relative frequencies: polls
Statisticians sometimes want to compare the attitudes of certain groups, with frequency tables used to
visually show the statistical differences in the groups’ attitudes. Frequency tables typically show results
obtained from taking a random sample from a large population, or from gathering all the data from an entire
population when the population is small.

When calculating relative frequencies, the following steps are followed.
1. Gather the required statistics.
2. Determine the total number of people polled.Pdf_Folio:18
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3. Determine each group’s attitude in relation to the total number of people polled and write in fractional
form; for example:

• Of the 100 people polled, 30 liked the caravan park = 30

100
.

• Of the 100 people polled, 70 did not like the caravan park = 70

100
.

4. Convert the fraction to a decimal.

30

100
= 0.3

5. Convert the decimal to a percentage.

30

100
= 0.3

= 30%

6. Check that all relative frequencies add to 100%.
Note:When the decimals or percentages are rounded off, the figure may be slightly below or above
100%.

WORKED EXAMPLE 10

In a recent election, there were 4 candidates. During a telephone poll conducted a week before the
election, 500 randomly selected voters were asked to indicate their preferences for the 4
candidates. The results are shown in the table.

Candidate 1 2 3 4

Number of voters who preferred this candidate 115 168 145 72

Estimate each candidate’s probability of winning the election, giving your answers as decimals.

THINK WRITE

1. The probability of a candidate winning is the
number of votes they received divided by the total
number of votes.

P(candidate 1wins) = 115

500
= 0.230

P(candidate 2wins) = 168

500
= 0.336

P(candidate 3wins) = 145

500
= 0.290

P(candidate 4wins) = 72

500
= 0.144

2. The closer the relative frequency is to 1, the higher
the probability of success.

Candidate 2 is the favourite to win.
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11.4.6 Calculating the number of successful trials
Sometimes, a relative frequency is known and may be used to calculate the number of individuals who
responded a certain way or the number of successful trials.

Number of successful trials = Relative frequency × total number of trials
For example, you may have determined the relative frequency of individuals that vaccinate their children

is 88% or 0.88. In a population of 300 individuals, it can be assumed that approximately 264 individuals
vaccinated their children (0.88 × 300).

WORKED EXAMPLE 11

In 2017, the Australian Marriage Law Postal Survey was conducted to gauge support for
legalising same-sex marriage in Australia.
The table shows the breakdown of votes per State as a decimal frequency.

5000 individuals from Queensland were randomly selected and asked for their vote.
a. Approximately how many will state they answered ‘yes’?
b. Approximately how many will state they answered ‘no’?

THINK WRITE

a. 1. Look on the chart and find the row with
Queensland and those who stated ‘yes’.

a. 0.607

2. Multiply 5000 (number of individuals) by the result
from step 1. The answer represents the number of
Queenslanders who answered ‘yes’.

0.607 × 5000 = 3035

3. Since a fractional result is not valid in this context,
round to the nearest whole number.

Approximately 3035 of the
individuals answered ‘yes’.

b. 1. The number of Queenslander questions was 5000.
We know 3485 voted ‘yes’, so we subtract the
answer to part a from 5000.

b. 5000 − 3035 = 1965

2. Write the answer. Approximately 1965 of the 5000
individuals answered ‘no’.
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State/Territory Yes No

New South Wales 0.578 0.422

Victoria 0.649 0.351

Queensland 0.607 0.393

South Australia 0.625 0.375

Western Australia 0.637 0.363

Northern Territory 0.606 0.394

Australian Capital Territory 0.740 0.260
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Exercise 11.4 Relative frequency and simulations

Note: Unless otherwise stated, express probabilities as fractions.
1. WE7 To simulate whether or not the weather

will be suitable for sailing, a coin is flipped. If
the coin lands heads up, the weather is perfect.
If the coin lands tails up, the weather is not
suitable.

Mandy flips a coin 20 times and obtains 13 heads
and 7 tails. Sophia flips a coin 100 times
and obtains 47 heads and 53 tails.
a. Determine the relative frequency of perfect

weather days in both cases.
b. Compare the results from the two simulations

and determine which is a better estimate of
the true probability of the experiment.

2. A box of 50 batteries was tested and three were found to be flat.
a. What was the relative frequency of a flat battery?
b. In a box of 500 batteries, how many batteries would you expect to be flat?

3. The results of a class experiment that involved rolling a standard six-sided die 300 times are shown in the
table.

Number on die 1 2 3 4 5 6

Number of times rolled 42 50 61 37 52 58

Use the results to calculate the experimental probability of rolling:
a. the number 5 b. an odd number c. an even number.

4. In her last 20 games, a basketball player
sank 17 free throws and missed 11.
Estimate the probability of sinking her
next free throw.

5. MC A student rolls a pair of dice 10 times and records the number of times the total is 7. He repeats the
experiment numerous times and his results are as follows.

1, 5, 3, 2, 1, 0, 2, 3, 4, 3, 2, 1, 0, 1, 2, 6, 2, 0, 1, 2

What is the estimated probability of getting a total of 7 when 2 dice are tossed?

A.
7

12
B.

41

100
C.

41

200
D.

41

400
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6. a. WE8 Use a random number generator to simulate the number
of walnuts in a 40 different carrot cakes, with a maximum of
60 in each cake.

b. Calculate the probability that there will be more than 40 walnuts
in a randomly chosen cake.

7. The gender of babies in a set of triplets is simulated by flipping
3 coins. If a coin lands tails up, the baby is a boy.
If a coin lands heads up, the baby is a girl. In the simulation,
the trial is repeated 40 times and the following results show
the number of heads obtained in each trial.

a. Calculate the probability, as a percentage, that exactly one of the babies in a set of triplets is female.
b. Calculate the probability, as a percentage, that more than one of the babies in the set of triplets is female.

8. WE9 There are 24 drivers lining up at the start of a Formula 1 race.
a. Explain how simulation could be used to determine the winner.
b. Are there any limitations in your answer?

9. WE10 A school canteen asked 150 random Year 12 students to
indicate their favourite food before they asked the entire school to
place their vote. The food with the most votes was going to be made
half price for a week.

The results from the Year 12 students are shown in the table.

Meal Tally

Hamburger 45

Fish and chips 31

Macaroni and cheese 30

Lamb souvlaki 25

BBQ pork ribs 19

Estimate each food’s probability in the overall vote, giving your answers as decimals.
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0, 3, 2, 1, 1, 0, 1, 2, 1, 0, 1, 0, 2, 0, 1, 0, 1, 2, 3, 2, 1, 3, 0, 2, 1, 2, 0, 3, 1, 3, 0, 1,

0, 1, 3, 2, 2, 1, 2, 1.
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10. If a computer manufacturer wanted to simulate the probability of their laptops having a fault, would it
be appropriate to use a random number generator to select random computers on the assembly line?
Why or why not?

11. A random number generator was used to select how many students will receive a free lunch on
any given day. The maximum number of students who can receive a free lunch is 10 and the
minimum is 0.
a. If the test is run for 30 days, what is the theoretical probability that:

i. 8 or more students are selected on any given day
ii. 0 students are selected on any given day
iii. 10 students are selected on any given day?

b. Use a random number generator to simulate the free-lunch program over 30 days, and compare the
results to those from part a.

c. Are the results from the random number generator the same as your predictions? Why or why not?
12. Determine if the following simulations are easy or difficult to undertake. If your response is ‘difficult’,

explain why.
a. Predicting how a helicopter pilot will react in an emergency
b. Estimating how many times you will win when spinning a roulette wheel
c. Predicting how many kilometres a new car will travel before any major mechanical problems
d. Estimating how many car accidents you will have in your lifetime
e. Estimating the number of defective mobile phones that one manufacturer will produce over two

months
13. WE11 In 2018, a survey was conducted to

gauge support for changing the age of gaining
a provisional licence from a minimum of
17 years old to a minimal of 16 years old.

The table shows the breakdown of votes by age
as a decimal frequency.

Age Yes No

16–20 0.871 0.129

21–25 0.764 0.236

26–30 0.641 0.359

31–35 0.443 0.557

36–40 0.398 0.602

41–45 0.287 0.713

46–50 0.213 0.787

51–55 0.122 0.878

2800 individuals between ages 16–20 were randomly selected and asked for their vote
a. Approximately how many will state they answered ‘yes’?
b. Approximately how many will state they answered ‘no’?

14. a. Five thousand new domestic university students are selected to take part in a study. Use the data in
the chart to predict how many students will not come back after their first year of university for the
4-year period of 2015–18.
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b. Based on the domestic trend for students not coming back after the first year, do you believe that
your estimate in part a will be higher or lower than the actual percentage? Explain your answer.

Completion rates of higher education students — cohort analysis, 2005–2014

National total
(domestic
students) Year

Completed
(in any
year)

Still enrolled at the
end of the 4-year
cohort period

Re-enrolled,
but dropped
out

Never came
back after the
first year

2005 47.3% 30.2% 11.5% 11.0%

2006 46.7% 32.7% 10.6% 10.0%

2007 45.9% 33.8% 10.4% 9.9%

2008 46.7% 33.5% 10.9% 8.9%

2009 46.1% 34.3% 11.1% 8.5%

2010 45.1% 34.7% 11.2% 9.0%

2011 45.0% 34.5% 11.7% 8.8%
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15. The results of a coin-flipping experiment are shown.

Outcome Frequency

Heads 38

Tails 62

Total 100

a. What are the relative frequencies, expressed as a percentage, of:
i. heads ii. tails?

b. If the experiment was repeated, would you expect the same results? Explain your answer.
c. If the experiment was repeated 100 times, what do you expect to happen to the relative frequencies

of the outcomes?
16. Note: You will need a six-sided die for this question. The latest promotion by a chocolate bar

manufacturer claims ‘Every third one is free’. If there is a special message inside the wrapper, you get
a refund on the purchase price. The manufacturer has put the special message in every third wrapper.
When the chocolate bars are packaged into boxes, they are mixed randomly. Use the numbers 3 and 6
on a die to represent getting a free chocolate bar.
a. Carry out 50 trial purchases of chocolate bars.
b. Calculate the relative frequency of a free chocolate bar.
c. Compare your results with the students around you.
d. Did other students get different results? Explain why.
e. In 100 trials, how many free chocolate bars would you expect to receive?

17. a. How many times, to the nearest whole number, would you expect to roll a 4 if you rolled a fair die:
i. 10 times ii. 60 times iii. 1000 times?

b. If you actually carried out these experiments, would you get the exact number that you predicted?
Explain your answer.
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18. A simulation of the ages of a class of Year 12 students using random numbers is shown.

16 17 16 17 18 18

16 17 16 16 16 17

16 17 17 17 17 18

18 17 18 17 16 17

a. Calculate the relative frequency of each age.
b. Carry out the same simulation using your random number generator.
c. Compare the results of the two simulations and comment on any differences or similarities.

19. A player suspects that a die is loaded (unfair), so she rolls the die 600 times to find out. The results of
the experiment are shown in the table.

Number on die 1 2 3 4 5 6

Number of times rolled 63 90 96 118 95 138

a. Predict the number of times each number should appear if the die were a fair die.
b. Explain whether you think the die is loaded.

11.5 Review: exam practice
11.5.1 Summary: Simulations and simple probability
Theoretical probability and sample spaces
• Probability is measure of the likely occurrence of an event.
• Probability is measured on a scale from 0 (impossible) to 1 (certain).
• Probability can be written as a decimal, fraction or a percentage.
• The probability of an event (A) occuring can be denoted by P (A).
• An outcome is a particular result of an experiment.
• A sample space is a list of all possible outcomes; often listed as a set of values {}.
• A favourable outcomes is an outcome you want or are looking for.
• Theoretical probability can be calculated by:

P (event) = number of favourable outcomes

total number of outcomes

• Equally likely outcomes have the same chance of occuring.
• The complement of an event is the probability that the event discussed will not happen.
• The sum of the probability of an event and its complement is equal to 1.

P(R) + P (R′) = 1

Multi-stage experiments (arrays and tree diagrams)
• An array can be used to display the sample space when two events occur to form a single result.
• Tree diagrams list all possible outcomes of two or more events. The branches show the possible links

between one outcomes and the next outcome.
• Each event in a tree diagram is treated as if it were a separate event, even if the events occur at the

same time.Pdf_Folio:25
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Relative frequencies and simulations
• If a theoretical probability cannot be calculated, an experiment can be repeated a number of times (a

trial) as part of a larger experiment.
• A successful trial is where the result is the desired outcome.
• Relative frequency, or empirical or experimental probability, can be determined by the formula:

relative frequency = number of successful trials

total number of trials

• As the number of trials increases, the relative frequency of an event will gradually become closer in
value to the theoretical probability. If enough trials are carried out, relative frequency can be used as an
estimate of probability.

• If an experiment cannot be carried out, outcomes of events can be modelled to simulate or represent
what happens in real life.

• Random number generators can generate a series of numbers between two given values.
• Many factors can complicate simulations; modelling real life events can be very complex.

Exercise 11.5 Review: exam practice

Note: Unless otherwise stated, express probabilities as fractions.

Simple familiar

1. What is the sample space for the following scenarios?
a. Rolling an 8-sided die numbered 1−8
b. Drawing an ‘a’ from a bag containing the letters of the alphabet
c. Drawing the winning ticket in a raffle with 100 tickets sold

2. Choose which of the following events are ‘most likely’ and ‘very unlikely’.
a. A cyclone in Victoria
b. The temperature rising above 30 degrees Celsius on a summer day in Darwin
c. Snow in Cairns
d. Getting struck by lightning during a storm in Brisbane

3. Create three events that meet the following criteria.
a. Less than even chance of occurring
b. Greater than an even chance of occurring

4. Two fair dice are rolled and the product of the numbers is recorded.
a. Construct a table to illustrate the sample space. List the sample space for the experiment.
b. What is the most likely outcome?
c. What is the least likely outcome?

5. Two dice are rolled and the difference of the numbers is recorded.
a. Construct a table to illustrate the sample space. List the sample space for the experiment.
b. What is the most likely outcome?
c. What is the least likely outcome?

6. a. What is the probability of rolling a 3 on a 6-sided die?
b. What is the complement of the event in part a?
c. What is the probability of the complement occurring?

7. a. If you toss two fair dice, what is the probability that the two numbers you roll are the same?
b. What is the probability of the complement of this event?
c. Would it be easier to calculate the probability of the complement before calculating the original

event? Explain your answer.

Pdf_Folio:26

26 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland

UNCORRECTED PAGE PROOFS



“c11SimulationsAndSimpleProbability_print” — 2019/4/18 — 20:01 — page 27 — #27

8. The following table shows what people do with their old
mobile phones in Australia.

Kept it Shared it Recycled it Sold it Lost it

48% 27% 15% 8% 2%

What is the probability of NOT selling or NOT losing your mobile phone in Australia? Give your
answer as a percentage.

9. In the game of backgammon, two dice are rolled together. The
resulting numbers can be used separately in two separate moves
or their total can be used for one move.
a. List the sample space of rolling two dice simultaneously.
b. Calculate the probability of ‘getting a 4 on a die or a total

of 4 on both dice’.
c. Calculate the probability of NOT ‘getting a 4 on a die or a

total of 4 on both dice’.
d. Calculate the probability of ‘getting a 4 or getting a 5 on a

die or a total of 5 on both dice’.
10. A soft-drink chemist is trying to create a new drink

with three different ingredients. The chemist wants
to experiment with the mixing order of the three key
ingredients. Draw a tree diagram to show the sample
space and determine how many combinations are
possible.

11. A car dealer offers these package options on one of their
new models.
• Interior: leather or suede
• Transmission: manual or automatic
• Front seats: bucket, captain or regular

a. How many different configurations of options are
available?

b. What is the theoretical probability a random customer
chooses a bucket seat in their package?

12. A fair coin is flipped and then an 8-sided die is rolled.
a. List all the possible outcomes in an array.
b. What is the probability of getting a head and an 8?
c. What is the probability of getting an even number

or a head?

Complex familiar

13. At a fair, people were asked to taste and state their preference
for two new brands of soft drink: brand A and brand B.
a. List all the possible outcomes using a tree diagram.
b. What is the probability, expressed as a percentage, that

a randomly selected person liked:
i. brand A but not brand B
ii. brand A and brand B
iii. brand A?Pdf_Folio:27
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a. How many times, to the nearest whole number, would you expect to roll a 6 if you rolled a fair die:
i. 10 times
ii. 150 times
iii. 5000 times?
If you actually did the experiments in part a, would you get the exact number that you predicted?
Explain your answer.

You are about to sit a Mathematics examination that
contains 40 multiple-choice questions. You didn’t have
time to study so you are going to choose the answers
completely randomly. There are four choices for each
question.

Explain how you could use random numbers to
select your answers for you.
The spinner shown was spun 50 times and the outcome
each time was recorded in the table.

Segment Blue Green Pink

Tally 17 23 10

a. List the sample space.
b. Given the experimental results, determine the relative frequency for each segment.
c. The theoretical probability of the spinner landing on any particular segment

with one spin is . How could the experiment be changed to give a better

estimate of the true probabilities?

Complex unfamiliar
17. Jose has to call his girlfriend, but he cannot remember her full number. He knows the first eight digits,

but can’t recall the final two digits.
a. What is the probability that he correctly guesses either one of the two final digits (but not both)?
b. What is the probability that he correctly guesses both of the two final digits?
c. What is the probability that he incorrectly guesses both of the final two digits?

18. A friend offers you a chance to roll a single die three times, and if you roll a 3 on any one of the rolls he
will pay for your lunch. Otherwise, you will pay for his lunch. Should you play his game? Explain your
answer.

19. There are five different possible hair colours: red, brunette, brown, grey and blonde. Assume that each
hair colour is equally likely. If there are 5 people in a room, what is the probability that at least 2 have
the same coloured hair? Give your answer as a percentage correct to 2 decimal places. (Hint: Use the
complement to solve this problem.)

20. Sonya knows her credit card number for online shopping. However, she
has forgotten the three-digit CVV number on the back of the card, and
wants to purchase a dress before the sale ends.

21. What is the probability she correctly guesses all three digits?
22. What is the probability she incorrectly guesses all three digits?
23. What is the probability that she correctly guesses at least one digit?
24. She remembers that her CVV number does not have any repeated digits.

What is the probability of her correctly guessing all the numbers now she has the information?
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Answers
11 Simulations and simple
probability
Exercise 11.2 Theoretical probability and
sample spaces
1. a. 1 b. 0.75 c. 0.25

d. 0.75 e. 0.25 f. 1
g. 0 h. 0.25 i. 1
j. 0.25 k. 0.5 l. 0.75

2. Answers will vary. Sample responses can be found in the
worked solutions on the online resources.

3. a. {1, 2, 3, 4, 5, 6}
b. {green, yellow, blue}
c. {a, b, c, d, e, f, g, h, i, j, k, l,m, n, o, p, q, r, s, t, u,

v,w, x, y, z}

4. a.
1

6
b.

1

3
c.

1

2

5. a.
4

11
b.

7

11

c.
2

11
d.

1

11
6. a. {1, 2, 3, 4, 5, 6, 7, 8}

b. i. 50% ii. 62.5%
iii. 0% iv. 100%

7. a. i. No, the colours are not represented equally.
ii. Blue, green, yellow, red

iii. P (blue) =
1

3
, P

(
green

)
=

1

6
, P (red) =

1

3
,

P
(
yellow

)
=

1

6
b. i. Yes, as there are equal numbers of the same colour.

ii. Blue, green, yellow, red, orange

iii. P (blue) =
1

5
, P

(
green

)
=

1

5
, P (red) =

1

5
,

P
(
yellow

)
=

1

5
, P

(
orange

)
=

1

5
c. i. No, the colours are not represented equally.

ii. Green, yellow

iii. P
(
green

)
=

1

3
, P

(
yellow

)
=

2

3
8. a. Blue. There are more blue jelly beans (6) than beans of

any other colour.
b. Yellow. There are fewer yellow jelly beans (2) than

beans of any other colour.

c. P (blue) =
6

17
, P

(
green

)
=

5

17
, P (red) =

4

17
,

P
(
yellow

)
=

2

17

9. D

10. a.
1

4
b.

1

2

c.
1

52
d.

3

13

11. a.

b.

c.

12. a. Not owning a dog
b. Flipping a coin and getting a head
c. Being awake
d. Truancy
e. Failing your learner knowledge test
f. Not owning a mobile phone

13. a. Failing the final exam
b. 80%

14. False. The complement of picking a red flower is not
picking a red flower; therefore, the complement of picking
a red flower is picking a purple or yellow flower.

15. a.
1

9
b.

8

9
c.

11

36

d.
25

36
e.

1

36
f.

35

36
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Exercise 11.3 Multi-stage experiments
(Arrays and tree diagrams)
1. See the table at the foot of the page.∗

2. See the table at the foot of the page.∗

P(exactly one 5) =
8

25
3. D
4. a. 5% b. 10%

c. 10% d. 20%
5. a. Lemon pie

Ice-cream
Lemon pie

Ice-cream
Lemon pie

Ice-cream

Lemon pie

Ice-cream
Lemon pie

Ice-cream
Lemon pie

Ice-cream

Pumpkin

soup

Pasta

bolognaise

Grilled fish

Beef curry

Mini spring

rolls

Pasta

bolognaise

Grilled fish

Beef curry

b. i.
1

2

ii.
1

6

iii.
1

2

iv.
1

12

6. a.

B B B

B BW

BWB

BWW

WB B

WBW

WWB

WWW

B

W

B

W

B

W

B

W

Hoodie OutcomesBagHat

B

W

B

W

B

W

b.
1

4

c.
1

2

d.
1

8
7. a.

Chocolate

ice-cream

Vanilla

ice-cream

Chocolate curls

Sprinkles

No topping

Melted chocolate

Chocolate curls

Spinkles

No topping

Melted chocolate

b. i.
1

4

ii.
1

8

iii.
1

4

1* Die

1 2 3 4 5 6

Spinner Red
(
R, 1

) (
R, 2

) (
R, 3

) (
R, 4

) (
R, 5

) (
R, 6

)
Blue

(
B, 1

) (
B, 2

) (
B, 3

) (
B, 4

) (
B, 5

) (
B, 6

)
Green

(
G, 1

) (
G, 2

) (
G, 3

) (
G, 4

) (
G, 5

) (
G, 6

)
Yellow

(
Y, 1

) (
Y, 2

) (
Y, 3

) (
Y, 4

) (
Y, 5

) (
Y, 6

)
Orange

(
O, 1

) (
O, 2

) (
O, 3

) (
O, 4

) (
O, 5

) (
O, 6

)
2* Spinner

1 2 3 4 5

Spinner 1 1
(
1, 1

) (
1, 2

) (
1, 3

) (
1, 4

) (
1, 5

)
2

(
2, 1

) (
2, 2

) (
2, 3

) (
2, 4

) (
2, 5

)
3

(
3, 1

) (
3, 2

) (
3, 3

) (
3, 4

) (
3, 5

)
4

(
4, 1

) (
4, 2

) (
4, 3

) (
4, 4

) (
4, 5

)
5

(
5, 1

) (
5, 2

) (
5, 3

) (
5, 4

) (
5, 5
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8. a. Black pants

Khaki pants

Black pants

Khaki pants

Black pants

Khaki pants

Black pants

Khaki pants

White T-shirt #1

White T-shirt #2

Green T-shirt

Red T-shirt

b.
1

8
9. a.

False

True

True

False

True

False

True

False

True

False

True

False

True

False

b. i.
1

8
ii.

3

8
iii.

1

8

10. a. i.
1

8
ii.

3

8

iii.
1

4
iv.

7

8

v.
3

4

b.
1

2
c.

1

2

d.
1

2
e.

1

8

11. a. 1 b.
3

8
12. B

13. a.
2

49
b.

6

49
c.

6

49

14. a.
1

4
b.

1

6

c.
35

36
d. 1

15. a.
1

4
b.

1

2

c.
1

2
d.

1

3

a. + 1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5 6 7 8

3 4 5 6 7 8 9

4 5 6 7 8 9 10

5 6 7 8 9 10 11

6 7 8 9 10 11 12

b. The diagonals in the sample space are repeating
numbers. Also, 7 is the outcome that shows up the most,
and each outcome further away from 7 has a reduced
chance of occurring.

c. See the table at the foot of the page.∗

d. The probabilities on either side of the 7 decrease at the
same rate.

17. a. − 1 2 3 4 5 6

1 0 1 2 3 4 5

2 1 0 1 2 3 4

3 2 1 0 1 2 3

4 3 2 1 0 1 2

5 4 3 2 1 0 1

6 5 4 3 2 1 0

b.
1

3
c.

2

3
d. No

18. a.
Person 2

Rock Paper Scissors

Person 1 Rock RR RP RS

Paper PR PP PS

Scissors SR SP SS

16. c*
Sum of two dice 2 3 4 5 6 7 8 9 10 11 12

Probability
1

36

1

18

1

12

1

9

5

36

1

6

5

36

1

9

1

12

1

18

1
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b. i.
2

9

ii.
2

9

iii.
2

9
c. Yes
d. i. See the table at the foot of the page.∗

No

iii. P Rockwins( ) =
2

16
=

1

8

P
(
Paper wins

)
=

2

16
=

1

8

P (Scissors win) =
4

16
=

1

4

P
(
Dynamite wins

)
=

4

16
=

1

4

Scissors and dynamite are twice as likely to win as rock and
paper.

19. a.

A

D

E

D

E

D

E

F

F

F

F

F

F

C

B

6 routes
b. No. There are still six paths, even if we omit home from

the journey. Since there is only one choice to go from
the library to home, the outcomes do not change.

20.

2

H

T

H

T

H

T

1

H

T

H

T

H

T

4

3

T

T

H

T

H

T

H

T

H

T

H

T

6

5

H

T

H

T

H

T

H

T

H

T

H

T

Exercise 11.4 Relative frequency and
simulations

1. a. Mandy’s simulation:
13

20

Sophia’s simulation:
47

100
b. Mandy’s simulation shows a higher probability of

perfect weather days. Sophia’s simulation is likely to be
more reliable as there is a higher number of coin tosses.

2. a.
3

50
b. 30 batteries

3. a.
13

75
b.

31

60
c.

29

60

Rock Paper Scissors Dynamite

Person 1 Rock RR RP RS RD

Paper PR PP PS PD

Scissors SR SP SS SD

Dynamite DR DP DS DD
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4.
17

30
5. C
6. Answers will vary. Sample responses can be found in the

worked solutions in the online resources. You can use
=RANDBETWEEEN {1, 60} in Excel to generate a
random number.

7. a. 35% b. 40%
8. a. Each driver could be assigned a number from 1 to 24. A

random number generator could then be used to
simulate the race. The number that is generated is the
winner of the race.

b. The answer depends on each driver having an equally
likely chance of winning the race. This is rarely the
case.

9. a. P
(
fish and chips

)
=

45

150
= 0.30

b. P
(
fish and chips

)
=

31

150
= 0.21

c. P (macaroni and cheese) =
30

150
= 0.20

d. P (lamb souvlaki) =
25

150
= 0.17

e. P
(
BBQ pork ribs

)
=

19

150
= 0.13

10. Yes. It is too expensive to check every computer for every
possible fault. A random number generator will allow the
manufacturer to gain insight into the probability of a
computer having a fault.

11. a. i.
3

11

ii.
1

11

iii.
1

11
b. Answers will vary. Sample responses can be found in

the worked solutions in the online resources.
c. Answers will vary. Accuracy can be improved by using

the random number generator to test more days. As
more data is obtained, the results will become closer and
closer to the theoretical probability.

12. Answers will vary. Sample responses can be found in the
worked solutions in the online resources.

13. a. 2439 b. 361
14. a. 440 domestic students (using most recent data)

b. Based on the trend observed from 2005 to 2011, the
number of students who never came back after the first
year has steadily decreased from 11.0% to 8.8%. Hence,
the estimate in part a may be too high.

15. a. i. 38%
ii. 62%

b. No. If the experiment was repeated, it is unlikely that the
results would be the same as or similar to the previous
experiment.

c. According to the law of large numbers, as the number of
trials increases, the gap between the experimental
probability and the theoretical probability decreases.

16. a–c.Answers will vary. Sample responses can be found in
the worked solutions in the online resources.

d. Yes. Since it is a random experiment, and only 50
experiments are executed, everyone should have
different results.

e. Approximately 33
17. a. i. 2

ii. 10
iii. 167

b. It is unlikely that you would achieve the theoretical
probability during an experiment. However, the more
times the experiment is repeated, the closer the results
will be to theoretical probability. To obtain the
theoretical probability consistently would require that
the experiment was run an infinite amount of times.

18. a. P (16) =
1

3

P (17) =
11

24

P (18) =
5

24
b. Answers will vary. Sample responses can be found in

the worked solutions in the online resource.
c. Answers will vary. Sample responses can be found in

the worked solutions in the online resource.
19. a. 100 times

b. There are not enough trials to decide whether the die is
loaded, although the trend suggests that it might be.
There is a large difference between the frequencies of

1 and 6. (The numbers 1 and 6 are on opposite sides
of a standard die, so a weight on the 1 side would tend
to make 6 show up more often.)

Exercise 11.5 Review: exam practice
1. a. {1, 2, 3, 4, 5, 6, 7, 8}

b. {a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p, q, r,
s, t, u, v, w, x, y, z}

c. {winning ticket, losing tickets}
2. a. Very unlikely b. Most likely

c. Very unlikely d. Very unlikely
3. Answers will vary. Sample responses can be found in the

worked solutions in the online resources.
4. a. × 1 2 3 4 5 6

1 1 2 3 4 5 6

2 2 4 6 8 10 12

3 3 6 9 12 15 18

4 4 8 12 16 20 24

5 5 10 15 20 25 30

6 6 12 18 24 30 36

Sample space is {1, 2, 3, 4, 5, 6, 8, 9, 10,
12, 15, 16, 18, 20, 24, 25, 30, 36}

b. 6 or 12
c. 1, 4, 9, 16, 25 or 36
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5. a. − 1 2 3 4 5 6

1 0 1 2 3 4 5

2 1 0 1 2 3 4

3 2 1 0 1 2 3

4 3 2 1 0 1 2

5 4 3 2 1 0 1

6 5 4 3 2 1 0

Sample space is {0, 1, 2, 3, 4, 5}
b. 1
c. 5

6. a.
1

6
b. The complement is the set {1, 2, 4, 5, 6} . or not

rolling a 3.

c.
5

6

7. a.
1

6
b.

5

6
c. No. The probability of the original event is a smaller

probability, and thus requires less counting.
8. 90%
9. a.

Die 2

1 2 3 4 5 6

Die 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)

b.
7

18
c.

11

18
d.

2

3
10.

Ingredient 1

Ingredient 2

Ingredient 3

Ingredient 1

Ingredient 3

Ingredient 1

Ingredient 2

Ingredient 3

Ingredient 2

Ingredient 3

Ingredient 1

Ingredient 2

Ingredient 1

Ingredient 3

Ingredient 2

There are 6 possible combinations.

11. a. 12 b.
1

3
12. a.

1 2 3 4 5 6 7 8

H H1 H2 H3 H4 H5 H6 H7 H8

T T1 T2 T3 T4 T5 T6 T7 T8

b.
1

16

c.
3

4
13. a. Like brand

A

Like brand

B

Dislike brand

B

Dislike brand

A

Like brand

B

Dislike brand

B

b. i. 25% ii. 25% iii. 50%
14. a. i. 1 ii. 25 iii. 833

b. No, these are estimated numbers calculated from the
theoretical probabilities. As the experiment is carried
out more times, the experimental probabilities will
approach the theoretical probabilities. There is a slight
chance in any experiment that you may obtain the
theoretical probability, but it is unlikely.

15. You could run your random number generator using the
numbers 1–4. These numbers would represent A, B, C and
D respectively in the multiple-choice questions. You would
run this simulation 40 times.

16. a. Blue, green, pink

b.

P (blue) =
17

50

P
(
green

)
=

23

50

P
(
pink

)
=

1

5

c. Run the experiment more times (e.g. 10 000 times).

17. a.
9

50
b.

1

100
c.

81

100
18. No. The theoretical probability of rolling a 3 in three rolls

is only
91

216
.

19. 96.16%
20. a.

1

1000
b.

999

1000

c.
3

10
d.

1

720
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