
Statistics is the study of the collecting, organising, analysing, and interpreting of numerical information or 
data.

A statistical report is written to describe the fi ndings of a statistical investigation. Most good-quality 
formal reports follow this format:

• Title – should fairly refl ect the nature of the study

• Contents – generally only included if report is lengthy

• Summary – so nature and relevance of research is briefl y explained 

• Introduction – includes the statistical question(s) being investigated

• Aim – usually to answer the question that has been posed

• Data and methods

• Results and conclusions

• Appendices (usually present only if there is a lot of data)

Some reports are shorter, e.g. computer-generated reports, which often include graphs and tables of data 
that have been produced automatically, but omit many of the above aspects of a full report.

There are many organisations in New Zealand that produce statistical reports, e.g. market research 
companies such as Colmar Brunton. These reports are freely available in the media.

The statistical enquiry cycle (PPDAC)
The statistical enquiry cycle PPDAC stands for the sequence:

Problem

Plan

DataAnalysis

Conclusion

Problem
A statistical question allows for variation and has a well-defi ned target population.

In a census every member of the target population is included in the investigation or survey on which a 
report is based. With a sample only a subset of the target population is involved.

Example
Suppose a teacher asks the statistical question, ‘How well have the students in my class understood 
the latest topic?‘ If the teacher investigates this using a class test on the topic, then this is a census 
as every member of the target population (the whole class) is involved.
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 The confi dence interval for the difference in the percentages is:

 8 ± 6.5%  adding and subtracting the margin of error 

 So, 1.5% < difference between population percentages < 14.5%

  Since both ends of the interval are positive (zero does not lie in the interval), the claim can be 
made with 95% confi dence that there has been an increase between 2014 and 2016 in the 
population percentage of residents who want the traffi c light installed. The 2016 percentage of 
residents wanting the traffi c lights installed is between 1.5% and 14.5% higher than the 2014 
percentage wanting the traffi c lights installed.

 Statistical inference
Statistical inference is the drawing of conclusions about a population from the collection of statistical data. 
Care must be taken to interpret sample proportions correctly, using margins of error.

Example
A poll of 750 voters concerning the resumption of military exercises with the USA found that 
47.6% approved, 44% disapproved and 8.4% abstained.

As a result of this poll, a writer on an 
internet site said a majority of people 
in New Zealand approved of the 
resumption of New Zealand exercises 
with the USA.

1. Comment on this writer’s statement.

2.  What percentage of the group polled 
would have had to disapprove to be 
95% confi dent that the majority of 
New Zealanders disapproved of the 
resumption of New Zealand exercises 
with the USA?

A . 1.  The percentage of people polled who approved of the resumption of New Zealand 
exercises with the USA was 47.6%, which is not a majority.

  Using the rule of thumb, the margin of error is 1
750

 = 3.7%  using = 1
n

   This means that we are 95% confi dent that the true proportion of all New Zealanders who 
approved of the resumption of New Zealand exercises with the USA lies between
47.6 – 3.7 = 43.9% and 47.6 + 3.7 = 51.3%

   Since values below 50% lie in this interval, it is possible that the 
proportion of people in New Zealand who approve of the resumption 
of exercises with the USA is below a half. However, since values above 
50% lie between these limits the writer’s statement is not completely 
invalidated by the results of the poll.

 2. Let the minimum required poll percentage be k.

   To be 95% confi dent that the majority of 
New Zealanders disapproved of the resumption of 
New Zealand exercises with the USA, the lower limit of 
the confi dence interval would have to be 50%.

  So k – 3.7% = 50% and k = 53.7%

  The required poll percentage is at least 53.7%.
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 Questions: Margins of error and statistical inference
1. Refer to the report below to answer the following questions.

Many farmers still stuck on connectivity slow lane, Feds survey fi nds

The vast majority of urban New Zealanders can get on the internet at speed, but the latest connectivity 
survey by Federated Farmers shows that too many rural families and businesses are still ‘stuck in second 
gear on a potholed back road’.

‘We had nearly 900 responses from our members from every farm type and geographical spread, but a 
problem was that several more couldn’t complete the online questions because they didn’t have internet 
access or connectivity was too patchy or slow’, a Federated Farmers spokesperson said. Federated Farmers 
of New Zealand Incorporated is an organisation in New Zealand that lobbies on behalf of its member 
farmers. Membership of the organisation is voluntary, and it currently has over 13 000 members.

Around 70% of respondents have download speeds of 20 Mbps or less.
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Figure 1: Download speeds for Federated Farmers
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With regards to download speeds on farms, the 2020 survey saw an increase of around 7% in the 
proportion of respondents experiencing slow speeds in the 0–20 Mbps range, with decreases of around 
1–4% in the proportion of respondents experiencing better download speed ranges. The signifi cance of this 
shift in proportions is diffi cult to assess against proportions in the 2019 survey, given the reduced response 
rate to the 2020 survey when compared with the number of responses received to the 2019 survey.

The Federated Farmers Rural Connectivity Survey 2020 was conducted between 9 July 2020 and 
21 July 2020. It was promoted via email, electronic newsletters, and through specifi c Federated Farmers 
member advisories explaining the importance of responding to the survey. The survey was undertaken 
online, with survey participants volunteering to participate. 98.07% of the 883 respondents were Federated 
Farmers members.

Adapted from: https://www.scoop.co.nz/stories/BU2009/S00417/many-farmers-still-stuck-on-connectivity-slow-lane-feds-survey-fi nds.htm  
and  https://www.fedfarm.org.nz/FFPublic/Policy2/National/2020/Rural_Connectivity_Survey_2020.aspx?WebsiteKey=00ff782d-8ff5-
4a81-ae69-785972132c32

 a. There were 883 respondents to the Federated Farmers Rural Connectivity Survey 2020.

  i. Calculate the margin of error for this survey.

 Year 2021 
Ans. p. 102
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3. Refer to the report below to answer the following questions.

Plastic Bags Survey – the results 
937 people took part in a council’s survey gauging attitudes to plastic bags and their use. 
Marlborough District Council wanted to know whether a charge would discourage the use of plastic 
bags, why some people choose not to use them at all, and whether people’s attitudes to plastic bags 
are changing. The survey was conducted by a mixture of online returns and posting of forms in pre-
paid envelopes that were delivered to all households in the Marlborough District Council area.

The Marlborough District Council says the survey suggests the majority would not be unhappy about 
a small charge for plastic bags, but more than half the respondents also said a small charge wouldn’t 
necessarily deter them from using the bags. The council said the results suggest that there could 
be unintended consequences if the bags were removed overnight: ‘Charging for bags would likely 
change people’s behaviour eventually, but how much change we’d see would depend how much was 
being charged for the bags.’

Three quarters of respondents considered that plastic bags litter the environment, and more than 
90% would like the opportunity to recycle their plastic bags. About half of those who took the time to 
fi ll out the survey already take their own re-usable bags to the supermarket when they go shopping.

The fi rst question asked shoppers whether they are currently using plastic bags when getting their 
shopping. 35.1% of respondents said they regularly do, whilst 47.9% of respondents said they only 
occasionally do. The council says this may indicate views on plastic bags have already shifted more 
than previously thought.

About half of the respondents think a reward scheme would encourage people to use re-usable bags, 
while almost as many believe that introducing a charge for plastic bags would be the incentive that 
would get them using re-usable bags.

Overall, 80% of respondents would be happy to support a small charge per plastic bag – say 
10 cents. However, 63% would still use them, whether they’re paying a small fee or not. 

Figure 1

Attitudes to bag charges

Attitude to supermarket levy on plastic bags

Base: All respondents (n = 1 007)

Q.:  Using the scale below, to what extent are you in favour or against supermarkets charging for plastic 
bags?

22% 18% 21% 19% 20%

Strongly against Slightly against Neither for nor against Slightly in favour Strongly in favour

Adapted from www.scoop.co.nz/stories/AK1708/S00385/plastic-bags-survey-the-results.htm

 a. The Report states that 937 people took part in the council’s survey.

   Calculate the margin of error for this survey, and explain why a margin of error should be included 
in reports on statistical surveys.

 Year 2019 
Ans. p. 103

 Evaluate statistically based reports 27

3.
12

ISBN 978-1-990038-64-8 © Copying or scanning from LearnWell books is subject to the provisions of the Copyright Act 1994.

 AL3StatisticsWB 22 DS.indb   27 2/05/22   1:01 PM



Basic probability theory

Events
An event is an outcome (or set of outcomes) of interest. The probability of an event occurring is a measure 
of how likely it is that the event will occur. The true probability of an event is unknown, but can be 
approximated using an experimental estimate or a model estimate (theoretical probability).

To estimate the probability of an event using an experimental estimate, an experiment is carried out and 
the number of times the event occurs is recorded. The proportion of times the event occurs (its relative 
frequency) is calculated by dividing the number of occurrences of the event by the number of trials
(repetitions of the experiment). Simulations are also used to estimate probabilities.

Example
Ron performs an experiment in order to work out the probability of an event, E, occurring. After 
each batch of 50 trials, Ron calculates the proportion of times E has occurred using the formula 

proportion = 
number of occurrences of E

number of trials

For example, after 250 trials, E has occurred 79 times, so the proportion is 
79
250

 or 0.316. 

After many trials, Ron records his results on the graph as shown.
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The proportion of times E occurs gets closer and closer to 0.3, as the number of trials increases. 

The estimated probability of E is therefore 0.3.

P(E) is the symbol for the probability that an event E occurs. If E is any event, then

0 P(E)  1

Finding probabilities when all outcomes are equiprobable
A sample space is a set whose elements describe every possible outcome of a trial. When all possible 
outcomes of a trial are considered to have an equal chance of occurring, they are called equally likely or 
equiprobable. For this model, the probability of an event can be calculated from the formula: 

P(E) = 
number of elements in E
number of elements in S

n E
n S
( )
( )

where S is the sample space
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 Example
Q.  In a certain town, 60% of all residents have milk delivered to their house. Of those households 

with delivered milk, 80% also have a daily newspaper delivered. In households which don’t 
have milk delivered, only 30% have a newspaper delivered.           

1. Draw a tree diagram showing this information. 

A household is chosen at random from the town. 
 What is the probability that in this household:

 2. both milk and a newspaper are delivered?

3. milk or a newspaper are delivered (but not both)?

4. a newspaper is not delivered, given that milk is delivered?

5. milk is delivered, given that a newspaper is not delivered?

6. Are the events ‘getting milk delivered’ and ‘getting a newspaper delivered’ independent?

A. 1. M is the event ‘milk is delivered’.

  N is the event ‘a newspaper is delivered’.

  The given information is applied to the tree diagram. 

  P(M) = 0.6, P(N|M) = 0.8, P(N|M’) = 0.3

  Since the total probability for any set of branches is 1, 
the remaining probabilities can be applied:
P(M’) = 1 – P(M) = 1 – 0.6 = 0.4
P(N’|M) = 1 – P(N|M) = 1 – 0.8 = 0.2

  P(N’|M’) = 1 – P(N|M’) = 1 – 0.3 = 0.7

 The sample space and associated probabilities are listed 
  on the RHS of tree (MN denotes M  N etc.).

  (M  N )   where P(M  N)  = 0.6  0.8 = 0.48

  (M  N’)   where P(M  N’)  = 0.6 × 0.2 = 0.12

  (M’  N)   where P(M’  N)  = 0.4 × 0.3 = 0.12

  (M’  N’)   where P(M’  N’)  = 0.4 × 0.7 = 0.28
  Note that the sum of these probabilities is 1 (since no other outcomes are possible).

 2. P(M  N) = 0.6 × 0.8 = 0.48

3.  (Milk or Newspaper)  = P(M  N’ or M’  N)   
outcomes MN’ and M’N 
correspond to event described

             = 0.12 + 0.12
              = 0.24

4. P(N’|M)  = 0.2        from the tree diagram 

5. P(M|N’)  = 
P(M N’)

P(N’)
     using formula 

      = 0.12
0.12 + 0.28

   P(N’) = P(M  N’) + P(M’  N’) 

      = 0.3

6.  Since P(N|M) = 0.8 and P(N) = 0.4 (from part 5.) P(N|M)  P(N) so N and M are not 
independent.

  Alternatively, P(M  N) = 0.48, P(M) = 0.6, P(N) = 0.6 × 0.8 + 0.4 × 0.3 = 0.6

   Since P(M) × P(N) = 0.6 × 0.6 = 0.36  P(M  N), it follows that M and N are not 
independent.
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Inverse problems can also be solved by working ‘backwards’ using the tables.

Example
Q.  Find k, so that the probability Z lies between 

0 and k is 0.314 i.e. P(0 < Z < k) = 0.314.

A.  The diagram alongside shows the relationship 
between k and the area beneath the curve.

z 0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

0.7 0.2580 0.2612 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852 3 6 9 12 15 18 21 24 27

0.8 0.2881 0.2910 0.2939 0.2967 0.2996 0.3023 0.3051 0.3078 0.3106 0.3133 3 6 8 11 14 17 19 22 25

0.9 0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389 3 5 8 10 13 15 18 20 23

  By inspecting the body of the normal table, the closest value to 0.314 is 0.3139. This 
corresponds to beginning in the z column with 0.8, going across to the 9 column (giving 
0.3133) and then to the column headed 2 (giving the extra 6 to make 0.3139).

 Hence, the value of k is 0.892.

Other probabilities may involve the sum or difference of two or more areas under the curve.

Calculating probabilities for a normally distributed variable when the mean is not 0 
and/or the standard deviation is not 1
If a normal random variable X has mean μ and standard deviation , then X can be standardised into a 
normal random variable, Z, which has mean 0 and standard deviation 1 using the transformation shown:

Z = X μ–

 Example
Q.  The masses of fi sh in a certain lake are found to 

be normally distributed with mean  = 10 kg and 
standard deviation  = 3.0 kg. Find:

 1.  The probability that a fi sh chosen at random 
will have a mass less than 8 kg.

2. The mass that 80% of fi sh are below.

A. 1. The probability required is the area shaded:           

  If X is the mass of a randomly selected fi sh, then:

  P(X < 8) = P(Z < 8 – 10
3.0

)    since Z = 
X μ–

    = P(Z < –0.667)

    = P(Z > 0.667)     by symmetry 

    = P(Z > 0) – P(0 < Z  0.667)       

    = 0.5 – 0.2477 

    = 0.2523      by tables 

  The probability a fi sh has a mass less than 8 kg is 0.2523

k0

Area is 0.314

0–0.667 Z0.667

The area is
the probability

108 X
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2.  The area shaded is 80% of the total area under 
the curve. If w is the mass required, then: 

 P(X < w) = 0.8

 P(Z < w – 10
3.0

) = 0.8 using the transformation Z = 
X μ–

 P(0 < Z < w – 10
3.0

) = 0.3 by symmetry, since P(Z  0) = 0.5
 Normal tables show that: 

  w – 10
3.0

 = 0.841  looking up 0.3 in the body of the tables 

w = 12.523 kg  rearranging 

  80% of fi sh have a mass below 12.5 kg (3 s.f.)

57.38
2 Using graphics calculators, most problems involving normal distribution are easily done. Using a 

Casio CFX-9750, select STAT (on the main menu) then the option DIST followed by the option 
NORM. Use Ncd for P(a < x < b) and InvN to fi nd k when P(X k), P(X k) or P(–k X k) is 
known.

 Questions: The normal distribution
1. The average temperature in a New Zealand living room on a winter evening can be modelled by a 

normal distribution, with mean 17.8 °C and standard deviation 2.1 °C. 

 a.  Using this model, between what two values would you expect the middle 95% of average 
temperatures for New Zealand living rooms on a winter evening to be?

 b.  Discuss ONE factor that should be considered when modelling the average temperature in a 
New Zealand living room on a winter evening. 

w

Area shaded
is 0.8

 Year 2017 
Ans. p. 116 
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Distribution of true probabilities versus model estimates of 
probabilities versus experimental estimates of probabilities

Approximating discrete distributions by the normal distribution
The graphs of many discrete distributions are bell shaped, and the normal probability distribution (which is 
a continuous distribution) can be used as an approximation when calculating probabilities.

Distributions of marks are frequently of this type (i.e. discrete and bell-shaped).

Continuity corrections
By approximating a discrete distribution with a 
continuous distribution (the normal) a continuity 
correction needs to be applied. For example, if X
is distributed as shown in the relative-frequency 
histogram alongside and P(2 < X  20) is required, then 
P(2 < X  20) = P(X = 3) + P(X = 4) + ... + P(X = 20) 
which is the area shown shaded on the graph.

When approximated by a continuous normal random variable, X, the area under the curve corresponds to 
P(2.5 < X < 20.5). 

Care must be taken with probabilities of single values e.g. P(X = 15). If X is normal, P(X = 15) = 0, so the 
discrete probability P(X = 15) must be approximated by the normal probability P(14.5 < X < 15.5). 

Example
Q.  An IQ score is a measure of intelligence. The distribution of IQ scores is discrete yet has a bell-

shaped curve as its graph. The mean IQ is 100, and the standard deviation of IQ scores is 16.

 What percentage of IQ scores are less than 121?

A. P(IQ < 121) = P (IQ* < 120.5)   where IQ* is a normal approximation to IQ 

    = 0.8999     tables or calculator 

 90% of IQ scores are below 121

Selecting a probability model
Probabilities calculated using theoretical models (e.g. the normal distribution) or using experimental 
estimates (e.g. long-run proportions resulting from an experiment or simulation) are approximations of the 
true probabilities (usually unknown).

By considering the features of an experimental probability distribution, a suitable model for the 
population probability distribution can be determined. For example, if the experimental probability 
distribution is:

• symmetrical and bell-shaped, the normal distribution may be an appropriate model

• rectangular, with intervals 
of equal width equally 
likely to occur, the uniform 
distribution may be an 
appropriate model. The 
probability density function, 
f(x) for a continuous uniform 
distribution is defi ned as: 

b a

1

0 elsewhere

f(x) =
for a x b

f (x)

xa b

1
b – a

2 4 6 8 10 12 14 16 18 20

20.520.5
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5.  A recent New Zealand study asked drivers to respond anonymously about their mobile phone habits 
whilst driving. 16.7% of people admitted to using their mobile phone while stopped at a traffi c light.

  A Canterbury researcher was interested to see if the behaviour of drivers on Memorial Avenue was 
similar to that of the drivers in this New Zealand study.

  In September 2021, data was collected from groups of 10 drivers stopped at traffi c lights on Memorial 
Avenue. The number of drivers (out of 10) who were using their mobile phones whilst stopped at traffi c 
lights was recorded. The results are shown in the graph below (the experimental distribution shown 
in grey). These results are compared with the binomial distribution model (the theoretical distribution 
shown in black).

 a.  The graph below shows the observed distribution (grey bars) and a binomial distribution with 
p = 0.167, the theoretical model distribution (shown in black).

  

Number of drivers observed using mobile phone (per 10)
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   Complete the graph by showing the remaining values for the theoretical binomial distribution model.

 b.  Discuss TWO features of the observed and theoretical distributions that justify the suitability of this 
binomial distribution model for the number of drivers (out of 10) observed using their mobile phone.

 Year 2021 
Ans. p. 119 
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Answers and explanations 101

 Answers and explanations

 Achievement Standard 91584 
(Mathematics and Statistics 3.12): 
Evaluate statistically based reports

 3.12 Statistical questions
 1 .  ‘Are pigs in the Waikato kept in humane conditions ?’; pigs in 

the Waikato. (A)

2 .  ‘At what age of starting the consumption of marijuana to 
the point that a user is addicted is there a permanent loss in 
intelligence?’; marijuana users who started before 18 years 
and were addicted by the age of 38. (A)

3 . ‘ Should expelled list MPs have to resign?’; New Zealanders 
(above a set age, i.e. not young children). (A)

4 .  a.  There is no stated statistical question but one is implied 
by the objective: ‘Does chocolate eating have an effect 
on the risk of developing cardiometabolic disorders?’

 b. Adult human chocolate consumers. (A)

5 .  ‘Are dog owners more likely than cat owners to be single?’; 
New Zealand cat and dog owners. (A)

  An initial reading suggests that the report is only concerned 
with cat and dog owners; however, reading the above extract 
shows that people had to identify themselves as a cat or dog 
owner so there were other questions in the study as well 
as the above such as: ‘What percentage of New Zealanders 
own a cat?’ and ‘What percentage of New Zealanders own 
a dog?’ If this is true then the target population would be all 
New Zealanders. (A/M)

 3.12 Planning and data
1  . a. Yes, as there is variability in the results of the 

investigation. (A)

 b.  Answers will vary, for example ‘What are the literacy 
levels of the incoming Year 9 students at this school?’ (A)

 c. The incoming Year 9 pupils at the school. (A)

 d.  Since the literacy levels of all Year 9 pupils will be 
determined this is a census. (A)

 e.  The independent variables are the questions on the PAT 
tests, the response variables are the student answers. (A)

 f.  Independent data are the questions on the PAT 
tests. These are nominal and are not measured. The 
measurement of the responses is done by the marking of 
the PAT tests. The marks create a set of discrete data. (A)

 g.  If the diffi culty level of the tests was able to be 
manipulated then this would be an experiment; however, 
if no manipulation of the tests was possible then it would 
be an observation. (A/M)

  h. Primary. (A)

p.   2

p.   6

 2. a.  The explanatory variable is ‘Investment in cycle lanes and 
walkways’.

   The response variable is ‘Motor vehicle kilometres 
travelled’. (A)

 b.  Vehicle kilometres travelled were measured twice so that 
before and after comparisons could be made. The vehicle 
kilometres travelled were measured when there were no 
cycle lanes and walkways, and then measured again after 
these were established. This was done in order to see if 
the building of the cycle lanes and walkways had any 
effect on vehicle kilometres travelled. (M)

 c. i.  The researchers would have used as many methods 
as possible to collect information on car use, so that 
they created a suitably large and representative 
sample from the population. This was done in order 
to get as accurate a picture as possible of the vehicle 
kilometres travelled. (A)

  ii.  The results have been extended nationwide. This could 
be a problem because in some parts of the country, 
such as part of large cities, rural areas and mountainous 
country, it would be impossible to have cycle lanes 
and walkways. Also, the response to investment in 
cycle lanes and walkways could be different in cities, 
compared with the response in country towns. (M)

 d.  As this is an observational study (researchers were not in 
control of the placement, or not, of cycleways) a causal 
claim cannot be made.

   Whanganui and Masterton were the control group 
for the study (no investment made in cycle paths and 
walkways in these towns), whereas New Plymouth 
and Hastings were the treatment group (where such 
investment was made).

   Whanganui and Masterton are likely to have been 
selected as the control group as they are nearby and 
considered to have comparable features of climate, 
layout, topography, etc. (despite the fact that their 
populations were smaller than that of New Plymouth 
and Hastings). This similarity would enable researchers 
to compare the changes in transport habits of 
Whanganui and Masterton with those of New Plymouth 
and Hastings. The researchers could then determine 
whether the changes in transport habits observed in 
New Plymouth and Hastings were due to the investment 
in  cycleways and walkways, or due to chance alone. (E)

 3. a.  This is an experiment as the researchers can and do 
control the number of hours of sleep that the participants 
have before photos are taken. In this experiment, the 
explanatory variable was the ‘amount of sleep’ (reduced 
hours of sleep so participant is ‘sleep deprived’ or eight 
hours of sleep so participant is ‘normally slept’) and the 
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‘under 25 and mainly interested in dancing’. The 
variability of probability estimates from samples could 
mean that the true probability of being in this category 
is actually less than a half (so that it is more likely that an 
attendee is NOT in this category, rather than in it).

   Around half of festival attendees are not in the category 
of ‘under 25 and mainly interested in dancing’, so it is 
very likely that a new ticket purchaser will not be in this 
category (for example, 25% of attendees are 25 or older 
and 32% of those who are under 25 are mainly interested 
in things other than dancing). (E)

 3. a. The tree diagram describes the situation.

0.2

0.25

0.8

0.75

EarlyBird

Child

Child

Adult

Adult

General 
Admission

1
3

2
3

  P(EarlyBird AND Child) = 0.2 × 0.25 
multiplying along 
the branches

   = 0.05 or 5%

   So, the festival organisers were not correct in their 
prediction that 10% of ticket sales would be Child 
EarlyBird tickets. (A)

 b. P(Adult ticket) = P(EarlyBird AND adult) +  P(General Admission 
AND adult)

   = 0.2 × 0.75 + 0.8 × 0.6667

   = 0.6834

   The proportion of tickets that were Adult tickets was 
0.6834. (A)

 c. The proportion of adult tickets that were EarlyBird was

   P(EarlyBird | Adult ticket)

   = 0.2 × 0.75

0.6834
P(EarlyBird AND Adult)

P(Adult)

   = 0.2195

   The proportion of adult tickets that were General 
Admission was

   P(General Admission | Adult ticket)

   = 0.8 × 0.6667

0.6834
P(General Admission AND Adult)

P(Adult)

   = 0.7805

   (Alternatively, the proportion of adult tickets that were 
General Admission was 1 – 0.2195 = 0.7805)

   It was more likely for an Adult ticket to be General 
Admission. (M)

 d.  The proportion of General Admission tickets is now 0.4. 
The probability tree diagram below shows the situation.
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250 out of 1 000 attendees are ‘older’ which is 0.25; 
of these 250 there are 160 who are there mainly 

to socialise, which is 16

25
 ; 60% of the remaining 

90 attendees (i.e. 54) are there mainly to dance,

which is 54

250
 or 27

125
 ; the probability of other

motivation is 1 – 16

25
 – 27

125
 = 18
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   The probability that the festival attendee is less than 
25 years old and is mainly interested in socialising is:

  P(Younger AND Socialise) = 0.75 × 4

25
multiplying along 
the branches

   = 0.12 (A)

 b.  The probability an attendee is mainly interested in 
dancing if younger is

   P(Dance if Younger) = 51

75
  or  0.68

   The probability an attendee is mainly interested in 
dancing if older is

   P(Dance if Older) = 27

125
  or  0.216

   Younger attendees are 0.68 ÷ 0.216 = 3.148 times more 
likely to be mainly interested in dancing, so the data 
support the festival organisers’ claim. (M)

 c. i.  Using the notation on the tree diagram, need to 
determine whether

   P(Younger AND Dance) = P(Younger) × P(Dance)

   events A and B are independent if P(A  B) = P(A) × P(B)

   P(Younger AND Dance) = 0.75 × 51

75
 = 0.51

   P(Younger) = 0.75

   P(Dance) = 0.75 × 51

75
 + 0.25 × 27

125
 = 0.564

   P(Younger) × P(Dance) = 0.75 × 0.564 = 0.423

    Since P(Younger AND Dance)  P(Younger) × P(Dance), 
the events are not independent. (M)

  ii.  The events ‘festival attendee is less than 25’ and ‘festival 
attendee is mainly interested in dancing’ are not 
independent since if a festival attendee is less than 25, 
then they are much more likely to be mainly interested 
in dancing than someone who is not less than 25 (as 
determined in the answer to question 2. b.). The age of 
the festival attendee affects the likelihood of their being 
mainly interested in dancing. (E)

d.  The data has been collected from the fi rst 1 000 attendees 
to buy their tickets online, so may not be a representative 
group from which to estimate overall probabilities about 
festival attendees.

   Even if the data is representative of all festival attendees, 
only just over a half (51%) fall into the category of 
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