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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 
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 prp obability y 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. A six-sided die is rolled. Find the probability that the result is 

1.  a multiple of 3   2. less than or equal to 3

A. Let S be the sample space of possible numbers resulting from rolling a die. S = {1, 2, 3, 4, 5, 6}

1. Let E be the event ’result is a multiple of 3’ 
2. Let F be the event ‘result is less than or equal to 3’

       E = {3, 6}           F = {1, 2, 3}

P(E) = n
n

2
6

=
1
3

( )E
( )S

P(F ) = n
n

3
6

=
1
2

( )F
( )S

     [[since each number is equqq ippprobable]]

A probability distribution table may be used to display probabilities (see page 69).

Combinations of events
Venn diagrams are used to show events in a probability situation. The 
sample space S is represented by a rectangle and events by circles or ovals.
The diagram alongside illustrates events E and F from the previous example
on a Venn diagram. 

AND and OR have very precise meanings in probability.

 The event ‘E AND F ’ is written E  F (E intersection F ).
It is the set of outcomes in both E and F.

           

Ç 

 

In the above example, E  F is the event ‘number is both a multiple of 3 and  3’. 
Thus, E  F = {3}. On the Venn diagram, E  F is the region shown shaded, 

and P(E  F) = 
n E F

n S
( )

( )
 = 

1
6

 [since outcomes are equiprobable].

 The event ‘E OR F ’ is written E  F (E union F ). 
It is the set of outcomes in E or F or both.

      

In the above example, E  F is the event ‘number is a multiple of 3 or  3 
or both’. Thus, E  F = {1, 2, 3, 6} (shown shaded), 

and P(E  F ) = n E F
n S
( )

( )
 = 4

6
 = 

2
3

In general, if A and B are two events, the probability of A or B is:

 P(A  B) = P(A) + P(B) – P(A  B)

Complementary events
 The event ‘NOT E ’ is written E’ (E complement) 

and is the set of outcomes outside E
  

’

 

In the above example E’ is the event ‘number is not a multiple of 3’.

E’ = {1, 2, 4, 5} (shown shaded) and P(E’) = n(E’)
n(S)

 = 4
6
 = 

2
3

.

In general, the probability of A complement is:

 P(A’) = 1 – P(A)

Two events A and B, are said to be complementary if A  B = S and A  B =  (the empty set). 

In this case B is called the complement of A (i.e. B = A’).
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The use of Venn diagrams in probability problems is very similar to assembling a jigsaw. Information from 
the problem is systematically inserted on the diagram until a solution is found. 

Venn diagrams can also be used to display probabilities of events.

Example
Q.  The Bentwood High School Senior Netball team has made it through to the regional fi nal.

The Principal has decided she will go to the fi nal only if the weather is fi ne and not windy. The 
probability of a fi ne day is 0.6, a windy day 0.3, and a windy day that is not fi ne 0.2.

 What is the probability that the Principal attends the regional fi nal for the Senior Netball team?

A. Let W represent the event ‘weather is windy’.
 Let F represent the event ‘weather is fi ne’.

     P(W) = 0.3
P(F) = 0.6

P(F’  W) = 0.2       [from information given]

F(0.6)            W(0.3)

    

F W’ F W F‘ W
(fine and 

not windy)
(fine and windy) (not fine 

and windy)

The initial Venn diagram 
is shown on the left.

After fi lling in with the 
information it looks as 

shown on right.

      0.5      0.1     0.2

F(0.6) W(0.3)

[P(F’ W) = 0.2  so  P(F W) = 0.1 
since P(W) = 0.3, etc.]

 The probability the Principal attends is the probability the weather is fi ne and not windy.
 = P(F  W’ )
 = 0.5    [[usingg information in the diagrg ams]]

Mutually exclusive events
Two events, A and B, are mutually exclusive if it is impossible for them to                  A

Boccur together, i.e. A  B =  (there are no outcomes in both A and B).
On a Venn diagram, the ovals representing events A and B have no overlap.

Consequently:

If A and B are mutually exclusive then

P(A  B) = 0       and       P(A  B) = P(A) + P(B)

Example
A marble is drawn from a bag containing some red and some green marbles, among other single-
colour marbles.

A is the event ‘marble is green’. B is the event ‘marble is red’.

A  B is the event ‘marble is green and red’ which is impossible, i.e. P(A  B) = 0.

Thus A  B =  and A and B are mutually yyy exclusive.
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Independent events
Two events, A and B, are said to be independent if the occurrence (or not) of one event in no way affects 
the occurrence (or not) of the other event. 

If A and B are independent then P(A  B) = P(A).P(B)

Example
If a coin is fl ipped twice then the events
A:  fi rst fl ip is heads
B:  second fl ip is tails
ara e indepeppp ndent. The result of the fi rst fl ip ppp has no effect on the result of the second fl ipppp.

To show that two events A and B are independent, it must be shown that P(A).P(B) = P(A  B).

Example
Q.  A and B are two events such that P(A) = 0.3, P(B) = 0.4, P(A  B) = 0.1.

Are A and B independent?

A. P(A).P(B) = 0.3 × 0.4

 = 0.12  P(A  B)   [since P(A  B) is given as 0.1]

 Since P(A  B)  P(A).P(B), events A and B are not independent.

Conditional probability
Conditional probabilities are calculated using a reduced sample space, i.e. after other events have taken place.

If A and B are two events, then P(A|B) denotes the probability of event A, given that event B has occurred.

Example
If A is the event ‘person lives in Auckland’ and B is the event ‘person works in a bank’ then

P(A|B) denotes the probability that a person lives in Auckland given that they work in a bank. 

P((B||A)) denotes the pprobabilityy a pperson works in a bank,, ggiven that theyy live in Auckland.

In general, if X and Y are two events, then the probability of X given Y is:

P(X|Y ) = 
P X Y

P Y
( )

( )

By rearranging this formula, a general formula for P(X  Y) can be found

P(X  Y ) = P(Y).P(X|Y )     or     P(X  Y ) = P(X).P(Y|X)

Note: When X and Y are independent, P(X|Y ) = P(X) and P(Y|X) = P(Y) so the formula becomes 
P(X  Y ) = P(X).P(Y ) as defi ned previously.

Probability tree diagrams
Many probability problems can be simplifi ed by using a tree diagram, since the events making up the 
sample space and their associated probabilities can be clearly seen. Tree diagrams particularly lend 
themselves to problems involving conditional probabilities.
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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 following information is given and 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 added

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’)]

      = 0.12
0.40

      = 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 
indepep ndent.
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 practice  Questions
Basic probability theory

1. During sports week at a local school, the school nurse recorded information about injuries. 

 Let A be the event ‘a student is injured playing tennis’. 

 Let B be the event ‘a student is injured playing netball’. 

 From the information the school nurse has recorded, it can be deduced that: 

 P(A  B) = 0.35 and P(A  B’) = 0.90. 

 Determine the proportion of students who were injured playing tennis during sports week. 

2. In 2013, 63.9% of imported cars registered with the New Zealand Transport Agency were 
manufactured in Japan. Of these cars manufactured in Japan, 80.3% were used cars.

 Suppose that one of the imported cars registered with the New Zealand Transport Agency in 2013 was 
selected at random.

 a.  Explain why the events ‘The car was manufactured in Japan’ and ‘The car is a used car’ are not 
mutually exclusive.

  Include statistical reasoning in your explanation.

 b.  Explain why it can be deduced from this information alone that the car selected is more likely to 
have been manufactured in Japan than not, given the car selected is a used car.

 Year 2013 
Ans. p. 103

 Year 2015 
Ans. p. 104
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 Probability distributions of discrete random variables

In a probability distribution, probabilities lie between 0 and 1 and the sum of the probabilities is 1.

Discrete random variables
A discrete random variable is a measurement taken on the outcome of a discrete random experiment (an 
experiment whose outcomes can be listed or counted). For example, for the sample space generated by 
fl ipping two coins, i.e. {HH, HT, TH, TT}, the random variable X may be defi ned as the number of heads.

X(HH) = 2, X(HT) = 1, X(TH) = 1, X(TT) = 0 i.e. X can take on the values 0, 1, 2.

Discrete probability distributions
A table which gives all possible values of a discrete random variable, along with the associated probabilities, 
is called a probability distribution. 

The probability distribution for X = the number of heads (in the two-coin example above) is shown below.

x (number of heads) 0 1 2

P(X = x) (probability)
1
4

1
2

1
4

Note:  1. Each probability lies between 0 and 1.

 2. The sum of the probabilities is always 1.

‘The probability a random variable, X, takes on the value x ’ is written P(X = x) or p(x). 

Example
The probability distribution of a random variable X is shown in        

x 0 1 2 3

P(X = X x)x 0.3 0.2 0.2 0.3
the table alongside. X can take the values 0, 1, 2 or 3 with X
probabilities 0.3, 0.2, 0.2 and 0.3 respectively (note that 0.3 + 0.2 + 0.2 + 0.3 = 1).

From the table, P(X = 2) = 0.2, i.e. the probability X X is 2 is 0.2. Similarly P(X X  2) = 0.2 + 0.3 = 0.5

Means and variances of discrete random variables

The mean of a discrete random variable X is often called the expected value of X (written E(X)).

E(X) = x . P(X = x)

The variance of a discrete random variable X is often given the symbol Var(X).

Var(X) = x2P(X = x) – [E(X)]2 = E(X2) – [E(X)]2
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Example
Q. Find the expected value and variance of the random variable X   X x 0 1 2 3

P(X = X x)x 0.3 0.2 0.2 0.3whose probability distribution is shown in the table.

A. The expected value, E(X)  = x . P(X = X x)x

       = 0  0.3 + 1  0.2 + 2  0.2 + 3  0.3

       = 1.5

The variance of X, Var(X) = x2xx P(X = X x) – [E(x X)]2

        = 02  0.3 + 12  0.2 + 22  0.2 + 32  0.3 – 1.52

       = 1.45

The standard deviation of a random variable X is the square root of the variance of X.

SD(X) = Var (X)

In the above example, SD(X) = 1.45 = 1.20 (2 d.p.).

Linear combinations of independent random variables

Random variables may be combined in various ways to give other random variables, e.g. by adding or 
subtracting two random variables, or by multiplying a random variable by a constant.

If X and Y are two random variables, then it can be proved that the mean of the sum of X and Y equals the 
sum of their means. A similar result holds true for the variances if the variables are independent. Thus:

E(X + Y) = E(X) + E(Y)

E(X – Y) = E(X) – E(Y)

Var(X + Y) = Var(X) + Var(Y), provided X and Y are independent

Var(X – Y) = Var(X) + Var(Y), provided X and Y are independent

Note: It is important to note that the standard deviation of (X + Y ) is not equal to the sum of the standard 
deviations of X and Y, i.e. X + Y  X + Y. In fact, X + Y = X Y

2 2 , provided X and Y are independent.

Similarly, if the values of a random variable X are multiplied by 3 then the mean and spread of the random 
variable Y = 3X would be three times as great. The variance of Y, being the square of the standard deviation 
(a measure of spread) would be 32 = 9 times as great as the variance of X. Thus:

E(kX) = kE(X)            Var(kX) = k2Var(X)

where X is a random variable and k is a constant

Example
Q.  Fred and Fiona compete in a tournament. Fred plays a game in which his mean score is 10 with 

a standard deviation of 2. Fiona’s game score has a mean of 11 and a standard deviation of 3.
Fred and Fiona each play independently and their scores are added to give their total score, S, S
for the tournament.

1. Find their mean total score, E(S ). 

2. Find the standard deviation of S.

 ESA Publications (NZ) Ltd  –  ISBN 978-0-947504-51-9  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

70 Achievement Standard 91586 (Mathematics and Statistics 3.14)

3.14

L3StatsAME2107.indb   70L3StatsAME2107.indb   70 6/22/17   9:52 AM6/22/17   9:52 AM



A. If X is Fred’s score and X Y is Fiona’s score, thenY S = S X + X Y

 1. E(S ) = E(X + X Y )

   = E(X ) + E(Y )

   = 21      [since E(X ) = 10 and E(Y ) = 11]

 2. Standard deviation of S isS Var (S)

  Var(S ) = Var (X + X Y )

    = Var(X ) + Var(Y )   [as X and X Y are independent]Y

    = 22 + 32    [standard deviation of X = 2 X  Var(X) = 22, similarly for Y]YY

    = 13

Hence standard deviation of S isS 13 = 3.606

If all members of a population have a constant added to them, the mean will change by the same amount. 
The spread, however, remains the same (variance and standard deviation are unaltered). Thus if X is a 
random variable and c is a constant:

E(X + c) = E(X) + c            Var(X + c) = Var(X)

Combining these results with the previous table gives

E(aX + b) = aE(X) + b            Var(aX + b) = a2Var(X)

where a and b are constants

A linear combination of two random variables X and Y is any expression of the form aX + bY where a and b 
are constants. Expected values and variances of linear combinations obey the following rules:

E(aX + bY) = aE(X) + bE(Y)            

Var(aX + bY ) = a2Var(X) + b2Var(Y), if X and Y are independent

Note that a and b may be negative, e.g. Var (2X – 3Y) = 22 Var (X) + (–3)2 Var(Y)

        = 4Var(X) + 9Var(Y)

N
C
EA

 practice  Questions
Probability distributions of discrete random variables

1.  The table below shows the probability distribution of the random variable N, the number of takeaway 
coffees ordered by a customer.

n 1 2 3 4 5

P(N = n) 0.49 0.31 0.1 0.08 0.02

 a. Calculate the mean number of takeaway coffees ordered by customers.

 Year 2014 
Ans. p. 109
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 b. All customers are given a cardboard tray to carry their takeaway coffees.

  The cost to make each coffee, including the cost of the materials and labour, is $1.80.

  The cost of a tray that can hold up to two coffees is $0.20.

  The cost of a tray that can hold three to fi ve coffees is $0.40.

  Calculate the expected cost of each takeaway coffee order.

2. In 2006, a survey was conducted on households in Hamilton, Canada.
 a.  Let the random variable X represent the number of cars in a randomly chosen household at the 

time of the survey. The survey gave the following probability distribution for X.

x 0 1 2 3 4
P(X = x) 0.059 0.383 0.377 0.153 0.028

  Find the expected value of X.

 b.  A similar survey conducted in Hamilton, New Zealand, gave the following probability distribution 
for Y the number of cars in a randomly chosen household in Hamilton, New Zealand, at the time of 
the survey.

y 0 1 2 3 4

P(Y = y) 0.09 0.298 0.423 0.119 0.07

   Find the probability that a randomly selected household in Hamilton, New Zealand has more cars 
than a randomly selected household in Hamilton, Canada.

 Year 2011 
Ans. p. 109
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 Answers and explanations

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

 3.12 Reading reports
 1 . a. The owner of the nceax website. (A)

 b.  Contents, summary, introduction, aim, methods, 
conclusions, appendices. (A)

 c.  The report was prepared regularly for the owner using 
automatic computer methods. The graphs would be 
considered to ‘speak’ for themselves and extra reporting 
would be unnecessary for the owner, and add costs. (M)

 d. i.  Usage was quite low until June when the usage 
increased very rapidly reaching a peak in September. 
It fell back in October but greatly increased in 
November. It was very low in December. (A)

  ii.  Students were not revising until June when they 
would be having school exams. However, after that 
the exam season would have been in full swing. 
The MCAT exam for Year 11 students took place 
in September and many schools would be also be 
having exams then. The site caters for CIE students 
who have their examinations before NCEA students 
in October then in November the site would have 
been massively used by NCEA students. These 
reasons seem plausible; however, they may not be 
true. (M)

 e.  Bar graphs showing important monthly information, tables 
showing this information as averages and totals. (A)

 f. Answers will vary; an example is given.

  It is assumed that this information is for the owner of the site 
who will want to see the monthly usage and the year-long 
profi le of usage. It is assumed that the owner commissioned 
the report, so it contains all details necessary for his/her use.

  The graphs provide an excellent summary of a lot of 
information, affording easy comparisons from month to 
month, although a clear vertical scale is not provided (to 
ensure scale starts at zero, etc.), so that it is not clear whether 
the graphs show daily averages or monthly totals. The table 
is clearly set out, with colour coding adding to the ease of 
reading.

  All useful information appears easily accessible and attractively 
presented, so I would tend to agree with the comment. (M/E)

 2 . a. The Best Wine Company. (A)

 b.  This information was not given (although possibly by 
MarkRes who will be engaged to do further research). (A)

 c. The Export61 site. (A)

p.   1

 d.  Tables attractively set out and showing important 
information comparing this quarter’s statistics with 
the previous quarters; bar graphs allowing quarterly 
comparisons in visitor numbers for the two sites (these 
could be misleading as the scales on each bar graph will 
be different). (A/M)

 e.  Quarter spelt ‘quater’. Spelling errors give an 
unprofessional look to a report as it appears that the report 
has not been thoroughly checked. (Alternatively this could 
be a 6-character limitation in the software.) (A/M)

 f.  Visitor numbers from some countries fell, e.g. Indonesia, 
Great Britain and Russia. There was a fall in sales of 
Tawny port and there was fall in the number of people 
who jumped to the Best Wine site from the Export61 site 
(although this could be due to people accessing the site 
directly). (A/M)

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

the Waikato. (A)

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

3 .  ‘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)

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)
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 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)

2 . a. There is variability in the results of the investigation. (A)

 b.  ‘What are the reported and actual tooth-brushing habits 
of 30-month-old children and how much fl uoride is 
ingested from toothpaste?’ (A)

 c.  30-month-old children in the North West region of 
England. (A)

 d. Sampling, as only 50 children were observed. (A)

 e.  Independent: Questions about tooth-brushing habits, 
fl uoride levels in toothpaste; Response: Answers to 
questions, amount of fl uoride retained. (A)

 f.  Independent: Questions (nominal) and the amounts 
of toothpaste (continuous) Response: Answers to 
the question (nominal); weight of fl uoride retained 
(continuous). Measurement of answers to questions 
would either by the investigator writing them in or they 
are generated automatically. The amounts of toothpaste 
could be done by weight, the method for measuring the 
amount of fl uoride retained is not specifi ed. It probably 
involves a complicated chemical procedure. (A)

 g. Experiment. (A)

 h. 50 selected children. (A)

 i. Primary. (A)

3. a.  The explanatory variable is ‘car colour’ as this is the 
independent variable.

   The response variable is ‘percentage of cars of this colour 
involved in serious crashes’ as this variable depends on 
the variable ‘car colour’. (A)

 b. i.  This is an observational study, as the researchers 
are not controlling conditions involved in the 
investigation and the groups in the study are not the 
result of randomisation (e.g. there may be signifi cant 
differences in the types of car that are painted certain 
colours, and the skills of those who drive them). 
The study results are simply based on observing the 
colours of cars involved in serious accidents. (A)

  ii.  One implication of using this type of study is that a 
causal claim cannot be made and justifi ed using the 
results of the study. It cannot be claimed that painting 
a car silver will reduce its chance of being in a serious 
accident – many other factors are involved. (M)

 4. a.  The explanatory variable was the type of treatment given 
to subjects: this involved allocation of either a discount, 
or education.

   The response variable was the change in the weight (in 
kilograms) of healthier food purchased per week.

   If a discount was allocated then subjects received a 
discount of 12.5% on healthier foods for 6 months. If 
education was allocated then subjects received intensive, 
personalised nutrition education over six months. (A)

 b.  This is an experiment as the researcher has control over 

the allocation of the treatment (the explanatory variable) 
in that subjects were randomly assigned to the discount 
or education groups.

   The implication of this being an experiment is that a 
causal claim can be made: i.e. that the allocation of a 
12.5% discount on healthy foods is more effective than 
a course of nutrition education in causing shoppers to 
purchase a greater weight of healthier foods per week. (M)

 c.  Random allocation was used to form the two groups of 
shoppers compared in the study so that that there was as 
little difference as possible between the two groups. If this 
had not been done then there would have been selection 
bias, a source of experimental error. For example, each 
shopper has certain habits and attitudes towards buying 
food, such as a preference for healthier foods, so it is 
important that each group has similar numbers of such 
shoppers in order to reduce bias. (E)

 d.  It would be inappropriate to extend these fi ndings to a 
greater geographical area as the study was performed 
only on a sample in the lower North Island of New 
Zealand. It is entirely possible that similar studies on 
shoppers in Auckland, the Waikato, the South Island or 
overseas would have produced very different results.

   It would also be inappropriate to extend these fi ndings to 
all shoppers in the lower North Island of New Zealand, as 
the shoppers in the study were all shoppers at PAK’nSAVE 
supermarkets. These supermarkets are recognised as part 
of a ‘budget’ chain, offering low prices to price-conscious 
customers. A 12.5% discount to less price-conscious 
customers, who shop at more expensive supermarkets, 
may not have had the same effect of encouraging greater 
consumption of healthy foods. (E)

 5 . a. There is variability in the results of the investigation. (A)

 b.  Answers will vary, e.g. ‘Is there an association between 
sleep in childhood and obesity?’ (A)

 c. People in New Zealand. (A)

 d. Sampling. (A)

 e.  Independent: Amount of childhood sleep; Response: 
Adult body mass index. (A)

 f.  Independent is continuous and would have been 
measured by a clock then calculation. Response is also 
continuous and is measured by calculation of body mass 
index. (A)

 g.  Observation, as the amount of sleep cannot be controlled 
by investigator. (A)

 h.  1 000 Dunedin people born between 1972 and 1973. (A)

 i.  Probably primary if the calculating of sleep times and 
body mass index was done by the researchers. (A/M)

 3.12 Sampling and sampling errors
1. a.  The researchers wanted to see if cars of any colour were 

over-represented or under-represented in serious accident 
statistics in the Auckland region.

   The researchers compared the percentage of colours for 
cars involved in crashes with the percentage of colours of 
cars on Auckland roads because the accidents occurred in 
cars from that region. They did this to see if, for a given 
car colour, there was a signifi cant difference between 
the proportion of cars of that colour involved in a serious 
accident and the proportion of cars of that colour on the 
roads.

   For example, yellow cars are only 5.5% likely to be 
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