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MATHEMATICS AND STATISTICS 2.13 Internally assessed
2 credits

 Investigate a situation involving elements of
chance using a simulation

 Probability and simulations
An event can be any result of interest, such as 
‘getting a 6 when rolling a die’ or ‘being late for 
school’ or ‘being taller than 1.5 m’.

Some events are more likely to occur than others.

The probability of an event is a measure of how 
likely it is that the event will occur. Probabilities have 
values between 0 (an impossible event) and 1 (a 
certain event).

Some probabilities can be worked out using a 
theoretical model (based on what would happen in 
theory).

Example

Dice have six faces labelled 1, 2, 3, 4, 5, 6

When a fair die is rolled, each number is 
considered to be equally likely to turn up.

P(number is a 2) = 
1
6
   [one number out of six is 

a 2]

P(number is over 4) = 
2
6
 or 

1
3
  [both 5 and 6 are 
over 4]

P(number is a 7) = 0    [impossible]

P(number is under 7) = 1  [certain]

The probability of a practical event can be estimated 
by its relative frequency. This is the fraction (or 
proportion) of times the event occurs in a number of 
trials.

For example, if there are 75 women in a sample of
200 customers, then the relative frequency of female

customers is 75
200

 or 0.375

In practice, the probability of an event is often 
estimated by working out the long-run relative 
frequency of the event. This is the proportion of 

times an event of interest occurs over a large number 
of trials. 

However, it is not always practical (or possible) to 
carry out such an experiment. Instead a simulation 
is carried out. A simulation models a practical context 
using numbers which have the same probability 
distribution as the variables in the real-life situation.

For each trial, random numbers are generated using 
a probability tool, e.g. dice, coins or spinners, with 
each number corresponding to a practical outcome.

Example
Q. 1.  5

6
 of the bulbs in a container will have 

white fl owers.

   A customer selects four bulbs. Explain how 
to simulate the colours of the fl owers.

 2.  A family decides to have three children. 
Explain how this situation could be 
modelled using a coin. (Assume half of all 
babies born are female and half are male.)

A.  1.  For the simulation, a die could be used, 
since a die has six different outcomes (1–6).

    Each roll of the die gives a random 
number corresponding to the colour of the 
fl ower.

  •  Assign fi ve numbers (say 1 to 5) to 
the outcome ‘bulb has white fl owers’.

  •  Assign the fi nal number (6) to the 
outcome ‘bulb has no white fl owers’.

   In each trial the die is rolled four times to 
simulate the colours of the four fl owers.
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   For example, the result 1,6,2,2 corresponds 
to three white fl owers (1,2,2) and 1 non-
white fl ower (6).

 2.  A fair coin has two equally likely sides, so is 
useful for modelling situations involving a 

probability of 
1
2
.

   Each time the coin is fl ipped, the outcome 
corresponds to the sex of the baby. For 
example:

  • Heads: ‘baby is female’

 [p(head) = p(female baby) = 
1
2
]

  • Tails: ‘baby is male’

 [p(tail) = p(male baby) = 
1
2
]

   In each trial, toss the coin three times and 
record the results. For example, using H 
for Heads, and T for Tails:

   HHT corresponds to (Female, Female, 
Male), i.e. two females and one male.

   TTT corresponds to (Male, Male, Male), 
i.e. three males.

A spinner is a useful tool for simulations as it can have 
its face divided up into any number of sectors, of any 
size (angle at centre).

Example
Q.  How can the following situation be simulated? 

25% of customers in a shop are male. At a 
checkout, how many customers will need to 
be served on average in order to get two male 
customers in the group?

A.  A spinner could be used: divide the face 
into quarters, with one quarter representing 
male customers, and the other three quarters 
representing female customers.

male

femalefemale

female

  In each trial the arrow on the spinner is spun 
until two ‘males’ result.

  For each trial, the total number of spins is 
counted.

  The average number of spins (customers) can 
then be calculated.

 Exercise A: Simulation tools
1. a.  A fair die is rolled. What is the probability of 

getting:
  i. a fi ve?

  ii. a number that is a 2, 3 or 4?

  iii. a number greater than 1?

b.  In a simulation Zac uses a die to model a 
situation in which a student is chosen from a 
class. He lets the numbers 1 and 2 represent 
choosing a boy; and the numbers 3, 4, 5, 6 
represent choosing a girl. In Zac’s experiment 
what is the probability of

  i. choosing a boy?

  ii. choosing a girl?

Ans. p. 47
2. A spinner has its face divided as shown.

0 1

2
3

4

 A class is made up of 40% boys and 60% girls. 
A student is chosen at random from the group. 
Explain how you could use the spinner to choose 
the student.
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 Distributions of probabilities
It can be useful to graph the distributions of the 
experimental probabilities (the long-run relative 
frequencies) that you have worked out from a 
simulation. This gives us an idea about the way the 
actual probabilities of outcomes are distributed (the 
population distribution).

It is important to keep in mind that the results of 
simulations are different each time a simulation is run. 
So simulation distributions will also vary each time the 
simulation is run.

Because of this variability the simulation distribution 
is only an estimate of the actual distribution of 
probabilities.

Example

 Q. A DVD store is running a competition.
•  A scratch card is given to each customer 

with each payment.
• Each card has a letter W, I or N.

•  If a customer collects all three letters (to 
spell WIN) they win a prize.

  The quantities printed of the letters W, I and N 
are in the ratio 1:2:5.

  Design a simulation to work out the average 
number of cards a customer would need to 
collect in order to win a prize.

A.  The ratio has 1 + 2 + 5 = 8 parts so use a 
calculator to generate random numbers from 
1 to 8 (8 Ran# + 1). Assign the numbers 
proportionally, as in the context, for example:
• 1 – letter is W
• 2, 3 – letter is I
• 4, 5, 6, 7, 8 – letter is N

  Each trial will involve generating numbers 
until all three letters are represented.

  The number of rolls (cards) required before 
WIN is spelt is counted and recorded.

  Results are recorded in a table such as the one 
following (more columns for the rolls will be 
needed in some instances).

Tr
ia

l Roll

N
um

be
r 

of
 c

ar
ds

1 2 3 4 5 6 7 8 9 10

1
2
I

1
W

6
N

3

2
7
N

5
N

1
W

1
W

7
N

6
N

3
I

7

3
4
N

6
N

8
N

8
N

5
N

1
W

6
N

6
N

3
I

9

4
4
N

7
N

2
I

8
N

5
N

7
N

4
N

1
W

8

5
6
N

2
I

8
N

5
N

1
W

5

In order to estimate the average number of cards 
a customer would need to collect in order to win a 
prize, fi nd the mean or median of the values in the 
‘Number of cards’ column.

Note that this is only an estimate of the average 
number of cards required before WIN is spelt 
(another simulation is very likely to produce a 
different estimate of this average). The greater the 
number of trials, the lower the variability between 
simulations of the estimates of the average 
number of cards.

Dot plots, box-and-whisker plots or bar graphs 
are useful ways to display the distribution of the 
results of a simulation. Graphical displays allow more 
features of the data to be seen.

Example

In one simulation of the above situation, 
consisting of 30 trials, the results were as shown 
in the dot plot and box-and-whisker plot below.

0 5 10 15 20
Total cards

Number of cards to spell WIN
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From the plots it can be seen that the distribution 
of the number of cards resulting from the 
simulation is positively skewed. Just over half 
the time the word WIN was spelled after 3 to 7 
cards were purchased. Of note are several extreme 
values present (three trials required 20 or more 
cards before WIN was spelt).

The mean number of cards required to spell WIN 
is calculated to be 9.2 (adding up all thirty ‘total 
numbers of cards’ values and dividing by 30). 

However, the mean has been ‘pushed up’ by a few 
very large ‘total numbers of cards’. As a result, the 
mean number of cards does not seem typical of 
the average ‘total number of cards’ needed (nearly 
two-thirds of the sample had ‘total numbers of 
cards’ below the mean).

The median of 7 cards seems more typical of the 
number of cards that needs to be collected on 
average.

However, the occasional trial will take many more 
cards than seven. 

A simulation with a much greater number of trials 
would be required in order to get an idea of how 
often these unusually large results occur.

Note: It is important to remember that a 
simulation is run to provide information about the 
likelihood of events in real life. In this context it is 
very unlikely that a customer would keep buying 
huge numbers of DVDs, even if the competition 
was running long enough to allow them to do 
so. So even though the simulation may predict 
purchases of more than 20 cards, in reality the 
customer would probably be more likely to give up 
collecting the cards long before this number was 
reached.

Comparing simulation distributions with 
theoretical  distributions

If a well-designed simulation is carried out, involving a 
suitably large number of trials, then the distribution 
of proportions from the simulation will be similar to 
the population probability distribution.

The greater the number of trials, the lower the 
variability between simulations and the closer the 
simulation distribution will be to the population 

distribution (note that the actual population 
distribution may be unknown).

In some situations the theoretical probability 
distribution is known, and comparisons can be 
made between the distribution of proportions from the 
simulation, with the distribution of probabilities from a 
theoretical model.

Example
Q. A school has 600 male students and 400 

female students. A group of 5 students was 
randomly selected from the school roll to take 
part in a discussion group.

 The group ended up having only 1 girl, so 
complaints were made about the random 
selection process. Were these claims justifi ed?

A. A simulation was carried out to fi nd the 
likelihood of getting at most 1 girl in a group.

 The proportion of girls in the school is

 400
1 000 = 25

 The proportion of boys in the school is

 600
1 000 = 35

Random numbers from 1–5 were generated 
(5Ran# + 1, taking whole number part)
• The numbers 1, 2 corresponded to a female 

being selected
• The numbers 3, 4, 5 corresponded to a male 

being selected.

In each trial fi ve random numbers were generated 
to represent the fi ve members of the group. The 
number of girls (numbers 1, 2) in the group was 
counted for each trial.

For example, the result 4, 3, 1, 5, 1 corresponds to 
a group with 2 girls (two 1s) and 3 boys.

30 trials were carried out. The results were as 
shown.
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Simulation results

Number 
of girls in 

group
Frequency n

Relative frequency
n

30

0 2 2
30

 = 0.07

1 9 9
30 = 0.3

2 10 10
30

 = 0.33

3 6 6
30

 = 0.2

4 2 2
30

 = 0.07

5 1 1
30

 = 0.03

30

The results from the simulation are shown in the 
bar graph below.

Relative frequency distribution of
number of girls in group
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From the relative frequencies of outcomes in the 
simulation it is estimated that the probability that 
there is no girl in the discussion group is 0.07, 
and the probability that there is one girl in the 
discussion group is 0.3.

So 37% of the simulations resulted in a discussion 
group with at most one girl in the group.

An event that occurs approximately 37% of the 
time cannot be considered to be so unlikely that 
the selection process is not random. There was 
a suffi ciently large number of trials (30) and the 
probabilities were used in the correct proportions 
when designing the simulation.

So the complaints are considered to be unjustifi ed.

The theoretical probability distribution is shown 
below.

Theoretical probability distribution
of number of girls in group

0
0

0.1

0.2

0.3

0.4

Number of girls in group
1 2 3 4 5

Pr
ob

ab
ili

ty

The general shape of the simulation relative 
frequency distribution is similar to that of 
the theoretical probability distribution. Both 
distributions are unimodal with mode 2.

The theoretical probability that there is no girl in 
the discussion group is 0.08 (0.01 higher than 
the simulation proportion), and the theoretical 
probability that there is one girl in the discussion 
group is 0.26 (0.04 lower than the simulation 
proportion).

So the theoretical probability that there is at most 
one girl in the discussion group is 34% (3% lower 
than the simulation estimate).

This would still give rise to the same conclusion, 
that the complaints are considered to be 
unjustifi ed.
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 Exercise D:  Distributions of 
probabilities

1. In a simulation, a coin is used to represent the sex 
of a baby in a 3-child family:
• Heads (H) for a boy
• Tails (T) for a girl.

 In each trial the coin is tossed three times and the 
results recorded. 30 trials are carried out.

 The results were as shown below.
a.  Under each outcome write the number of boys 

represented by that result. The fi rst column is 
done for you.

THH
2

HHH THH HTH HHH THH

TTT
0

HTH TTH THH HTH TTT

TTH
1

THH HTH HHH HTT HHT

HTT
1

HTT TTT HHT THT HTT

THT
1

THT HHT HTH THT HHH

 For each outcome the number of boys in the 
family is counted.
b.  Complete the table with the results from 

the simulation. The fi rst one is done for you 
(0 boys has a frequency of 3 and a relative 
frequency of 3

30
 which is 0.1)

Number 
of boys

Frequency
Relative 

frequency

0 3 0.1

1

2

3

c.  Use the results of your simulation (as shown 
in the table) to draw a bar graph of the 
relative frequency distribution of the number 
of boys in a family of three.

  Remember to label your graph carefully and 
give it a title.

Ans. p. 48

d.  The theoretical distribution of the number of 
boys in a 3-child family is drawn below.

0.4

0.3

0.2

0.1

0.0
0 1 2 3

Theoretical distribution

Number of boys

  i.  Compare the graph you have drawn 
using experimental probabilities from 
your simulation with the graph of the 
theoretical probabilities. List at least two 
differences or similarities.

  ii.  Explain why the simulation distribution 
of experimental probabilities did not 
give the exact population distribution of 
probabilities.
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Results of simulation with 8 computers and 20-minute games

Trial Random number
(minutes)

Time of 
arrival

Number of 
computers available

Computer 
allocated

Computer 
fi nish time

Time computer 
available

1 2 (3 min) 6:03 8 yes 6:23
2 0 (2 min) 6:05 7 yes 6:25
3 9 (6 min) 6:11 6 yes 6:31
4 5 (4 min) 6:15 5 yes 6:35
5 8 (5 min) 6:20 4 yes 6:40
6 0 (2 min) 6:22 3 yes 6:42 6:23, 6.25
7 1 (3 min) 6:25 4 yes 6:45
8 4 (4 min) 6:29 3 yes 6:49 6:31
9 5 (4 min) 6:33 3 yes 6:53 6:35
10 4 (4 min) 6:37 3 yes 6:57 6:40
11 2 (3 min) 6:40 3 yes 7:00 6:42
12 6 (5 min) 6:45 3 yes 7:05 6:45
13 0 (2 min) 6:47 3 yes 7:07 6:49, 6:53
14 9 (6 min) 6:53 4 yes 7:13
15 2 (3 min) 6:56 3 yes 7:16 6:57
16 1 (3 min) 6:59 3 yes 7:19 7:00
17 6 (5 min) 7:04 3 yes 7:24 7:05, 7:07
18 4 (4 min) 7:08 4 yes 7:28
19 3 (4 min) 7:12 3 yes 7:32 7:13
20 0 (2 min) 7:14 3 yes 7:34 7:16, 7:19
21 8 (5 min) 7:19 4 yes 7:39
22 5 (4 min) 7:23 3 yes 7:43 7:24, 7:28
23 7 (5 min) 7:28 4 yes 7:48 7:32
24 5 (4 min) 7:32 4 yes 7:52 7:34
25 6 (5 min) 7:37 4 yes 7:57
26 8 (5 min) 7:42 closed no

Analysis of numbers of computers:
• All customers were allocated computers, except 

the fi nal customer who arrived too late (show 
closed at 8 p.m.).

• By 20 minutes after 6 p.m., the number of 
computers available was 3 or 4 for the rest of the 
time – indicating that the company could have 
served all customers immediately even if it had 
only had 6 computers.

Since simulations vary, they only provide an 
estimate of what would happen in reality. By way of 
comparison, running another simulation under the 
same conditions as above, and with 6 computers 
available this time, gives the table shown overleaf.
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Results of simulation with 6 computers and 20-minute games

Trial
Random number

(minutes)
Time of 
arrival

Number of 
computers available

Computer 
allocated

Computer 
fi nish time

Time computer 
available

1 0 (2 min) 6:02 6 yes 6:22
2 6 (5 min) 6:07 5 yes 6:27
3 0 (2 min) 6:09 4 yes 6:29
4 2 (3 min) 6:12 3 yes 6:32
5 1 (3 min) 6:15 2 yes 6:35
6 9 (6 min) 6:21 1 yes 6:41 6:22
7 5 (4 min) 6:25 1 yes 6:45 6:27
8 0 (2 min) 6:27 1 yes 6:47 6:29
9 1 (3 min) 6:30 1 yes 6:50 6:32, 6:35
10 9 (6 min) 6:36 2 yes 6:56 6:41
11 8 (5 min) 6:41 2 yes 7:01 6:45
12 6 (5 min) 6:46 3 yes 7:06 6:47, 6:50
13 8 (5 min) 6:51 3 yes 7:11 6:56
14 9 (6 min) 6:57 3 yes 7:17 7:01
15 3 (4 min) 7:01 2 yes 7:21
16 0 (2 min) 7:03 1 yes 7:23 7:06
17 6 (5 min) 7:08 1 yes 7:28 7:11
18 3 (4 min) 7:12 1 yes 7:32
19 5 (4 min) 7:16 1 yes 7:36 7:17
20 0 (2 min) 7:18 1 yes 7:38 7:21
21 3 (4 min) 7:22 1 yes 7:42 7:23
22 8 (5 min) 7:27 1 yes 7:47 7:28
23 4 (4 min) 7:31 1 yes 7:51 7:32
24 2 (3 min) 7:34 1 yes 7:54 7:36, 7:38
25 9 (6 min) 7:40 2 yes 8:00
26 4 (4 min) 7:44 closed no

Once again, the simulation indicates that 6 computers 
would be suffi cient to avoid turning away customers, 
but there is a risk that Gamesup could have to turn 
away customers if too many customers arrived close 
together. For example, if trial 17 had resulted in a 
random number of 0 (2 minutes) then a customer 
would have arrived at 7:05 p.m. and no computer 
would have been available (the next computer in use 
would have been free at 7:06 p.m.).

Depending on how expensive it is to have extra 
computers, and how keen Gamesup is to ensure that 
no customer is turned away, it may be better to have 
at least 7 computers available for the 20-minute demo 
games.

Analysis of length of the games:
• If the games had been shorter, then computers 

would be returned to the pool of available 
computers more quickly, so more computers 
would have been idle during the two hours.

• If the games had been longer (say 25 minutes) 
then there may have been a problem with having 
only 8 computers available.

A third simulation follows to investigate the effect of 
longer games.

In the simulation below (using 8 computers and the 
same random numbers as in the fi rst simulation) 
games are 25 minutes long.
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 Reporting on a simulation
All of the aspects discussed so far should be included 
when reporting the results of a simulation.

At the achievement level, your report must include 
a description of each component of the simulation 
process (including any calculations and spreadsheet 
formulae). You need to:
• identify the tool you will use to generate random 

numbers
• explain how the numbers will represent outcomes 

of the simulation
• defi ne a trial and state the number of trials
• record the results of trials clearly so that someone 

else could use them to verify your conclusions
• draw graphs and calculate relevant measures
• explain clearly the conclusions you have come to 

and why.

Another person should be able to carry out the 
simulation independently, based on your description.

Example

Q.  Diamond petrol stations run a competition for 
10 weeks. Each time a customer spends at 
least $30 on petrol, they receive a scratch card 
with one of four symbols: Hearts, Diamonds, 
Clubs, or Spades. There are more of some 
symbols than others. The probabilities of the 
symbols are shown in the table.

Symbol
Diamonds

♦
Hearts
♥

Clubs
♣

Spades
♠

Probability 0.1 0.4 0.2 0.3

  If a customer gets one of each of the symbols 
he/she receives a prize of a ‘diamond’ key ring.

  Peter decides 
to fi ll his car 
with at least 
$30 worth of 
petrol weekly 
at a Diamond 
petrol station 
until the 
competition is 
over, or until he wins a key ring.

  Design and run a simulation to investigate the 
number of weeks that Peter visits the Diamond 
petrol station in order to win a key ring. Then 
write a report about the conclusions you have 
reached from your simulation.

A.  Answers will vary, a suggested outline solution is 
given.

  Random numbers from 0 to 9 are generated 
using a random number function on a 
calculator (Press 10Ran# then = repeatedly, 
taking whole-number part).

  Each of these ten random numbers has a 0.1 
chance of occurring, so allocate one random 
number for each 0.1 of probability.

  For example, Hearts has probability 0.4 so four 
random numbers are allocated (0.4 = 4 × 0.1). 

  The symbols are represented by the random 
numbers as shown below.

Probability
Random 
number

Tr
ia

l

♦ (D) 0.1 0

♥ (H) 0.4 1,2,3,4

♣ (C) 0.2 5,6

♠ (S) 0.3 7,8,9

  Each trial consists of generating up to 
10 random numbers (representing Peter’s 
weekly fi lls during the 10 weeks of the 
competition), stopping earlier if four different 
symbols are represented.

 This process will be repeated 30 times.
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  A table of results is used, with three typical 
trials, as shown below.

Trial

Random 
Number 1 2 3

1 9(S) 5(C) 9(S)

2 1(H) 6(C) 3(H)

3 8(S) 7(S) 8(S)

4 6(C) 6(C) 4(H)

5 0(D) 0(D) 3(H)

6 8(S) 9(S)

7 5(C) 3(H)

8 1(H) 4(H)

9 4(H)

10 2(H)

Total 5 8 10

Prize Yes Yes No

  An estimate of the mean number of weekly 
visits Peter would make to a Diamond petrol 
station is calculated by dividing the sum of the 
‘total’ row by 30. 

  An estimate of the likelihood of winning a 
prize is calculated by dividing the number of 
‘yes’ results in the ‘prize’ row by 30.

  These answers are only estimates of the mean 
number of visits Peter would make, and the 
probability of Peter winning a prize, since, if 
the simulation were repeated, it is very likely 
that a different mean and probability would 
result. 

 Assumptions made in the simulation:
•  the cards are suffi ciently numerous and 

well mixed so that, for each customer 
spending at least $30 on petrol, the 
likelihood of each symbol is as given in 
the table

•  there is no reason for Peter to fi ll his car 
less frequently than weekly (for example 
if he doesn’t use his car suffi ciently during 
one week, he may be unable to fi t in 
another $30 of petrol the following week; 
alternatively, if he travelled to another 
centre a Diamond petrol station may not 
be available)

•  Peter doesn’t decide to fi ll his car more 
frequently than weekly, to optimise his 
chances of a prize (more cards, so more 
opportunities to win)

•  Peter collects his cards independently of 
others and doesn’t swap cards, or fi ll his 
friend/partner’s car also, etc., to improve 
his chances of winning a prize.

  The simulation could be improved by 
analysing Peter’s petrol consumption and 
determining whether he is likely to visit the 
petrol station more than once weekly from 
time to time, or as the competition draws to 
a close. For example, if he has three out of 
four symbols in the fi nal two weeks, this may 
increase the likelihood that Peter deliberately 
fi lls his car more frequently than once weekly. 
Alternatively, the simulation could investigate 
Peter entering the competition in collaboration 
with a friend or partner. 
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 ANSWERS

 Exercise A: Simulation tools (page  2)

1. a. i. 
1
6

  ii. 
1
2

  iii. 
5
6

b. i. 
1
3

  ii. 2
3

2. 40% is 
2
5

 so use two out of the fi ve numbers to represent boys, e.g. 0,1

 60% = 3
5

 so use three out of the fi ve numbers to represent girls, e.g. 
2, 3, 4

3. Answers may vary from suggested solutions.

 a.  A die is used. 1, 2 and 3 represent a prize, 4, 5 and 6 represent 
‘better luck next time’. In each trial, count the number of rolls 
before a 1, 2 or 3 turns up. Repeat many times, then work out 
the average number of rolls.

b. Use a die. 1 represents a person who drinks more than three 
cups. 2–6 represent a person who drinks fewer than three cups. 
Trial: Roll the die until two 1s turn up. Repeat many times, then 
fi nd the average number of rolls.

c. Use a spinner with 10 equal sectors labelled 1–10. 
Sector 1 is Y13 students. Trial: Spin four times and give ✓ if at 
least one sector is 1, otherwise ✗. Repeat many times.

 Probability = number of ticks
number of trials

d.  Use a die. Assign the numbers 1–4 to female teachers and the 
number 5 to a male teacher (ignore the number 6 whenever 
it occurs). In each trial the die is rolled four times to get four 
numbers below six (re-roll the die whenever a six is the result). 
For example, the results may be 3, 5, 6 (ignore), 1, 1. This 
corresponds to 3 females (3, 1, 1) and 1 male (5). Repeat many 
times then work out the proportion of these groups of four that 
have two males in them.

4. a.

Pass

Pass

Fail

 Divide spinner into three equal sectors. Two out of three sectors 
represents ‘pass’; one out of three is ‘fail’.

 In each trial, the spinner is spun until twelve ‘pass’ results are 
achieved, and the number of spins is counted.

b.

cell
phone

cell
phone

cell
phone

no cell
phone

cell
phone

 80% = 
4
5

, so divide spinner face into fi ve equal parts, four 

 corresponding to ‘has cell phone’ and the fi fth corresponding 
to ‘no cell phone’. For each trial, the spinner is spun six times 
and the number of results corresponding to having a cell 
phone counted. A successful trial is one in which four or more 
students have a cell phone. The probability equals the number of 
successful trials divided by the number of trials.

c.

$1

$1

$1

$1 $1

$2

$2

$22

 The ratio 3:5 has 8 parts, so divide spinner face into eight equal 
parts, three corresponding to $2 coins and fi ve corresponding 
to $1 coins. For each trial, the spinner is spun ten times and 
the total value of the results calculated. These totals are then 
averaged.

d. The proportion of customers
wanting a treatment that costs

 less than $100 is 333
500

, so the

 probability that a customer
wants a treatment less than

 $100 is approximately 23
 (and the probability a customer 

wants a treatment costing at least

 $100 is approximately 
1
3).

 Divide the spinner into thirds: label one part ‘at least $100’ (≥ $100) 
and label the other two parts ‘under $100’ (<$100).

 For each trial, spin the spinner fi ve times, noting the costs of treatment 
for each spin.

 Repeat many times, then work out the proportion of these trials that 
have at least two customers wanting a treatment that costs at least 
$100.

≥ $100

< $100

< $100
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analyse 7
assumptions (about variables) 27

bar graph 13
box-and-whisker plot 13

certain (event) 1
complex simulations 30

displays 7
distributions (of probabilities) 13
dot plot 13

estimate 7, 13
event 1
expected number 8
experimental probabilities 13

impossible (event) 1

long-run relative frequency 1

measures 7

number of trials 14

outcome 7

population distribution 13, 14
positively skewed 14
probability of an event 1
probability tool 1, 7
proportion 1

random numbers 5, 7
relative frequency 1
report 37
restrictions 20

simulation 1
simulation distribution 14

table 7
theoretical (model) 1, 14
theoretical probability distribution 14
trial 1, 7

variability 13, 14 
variable 27
vary (results of simulation) 8


