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QUESTION ONE ASSESSOR'S

USE ONLY

(a) The amount of water used when taking a shower can be modelled by a random variable that
takes on values between 20 litres and 200 litres. The most likely amount of water used when
taking a shower is 50 litres.

(i)  Using an appropriate probability distribution model, calculate an estimate for the
percentage of showers that use less than 50 litres of water.

2w,

N

R 4 50 | 00

e

Q b
P o le‘ﬁ % \’\
= 1 % 3o%As | |
2 4 . |
-y = S 1663/ $ showes use ten Than N M\?b
b s
(ii) Using an appropriate probability distribution model, ealculate an esti “for the

percentage of showers that use more than 40 litres of water.
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(b) Car drivers can use various mobile phone GPS navigation apps to get an estimate of the time
it will take to travel to a destination. A study was carried out to investigate how accurate the
travel time estimates were from one particular GPS navigation app. For each trip in the study,
the estimated travel time was compared to the actual travel time, and the absolute difference
calculated (see the table below).

Absolute difference
Trip | Estimated travel time Actual travel time between estimated travel
time and actual travel time

1 10.4 minutes 11.3 minutes 0.9 minutes
2 6.5 minutes 5.2 minutes 1.3 minutes
3.9 minutes 3.9 minutes 0 minutes
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(i)  Suppose 15% of trips made during the study were classified as “not accurate™ using the
absolute difference.

If ten trips from the study were chosen at random, using an appropriate model, calculate
the probability that at most four of the trips were classified as “not accurate”.
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(i) Adustify)the use of the probability distribution for your answer in part (i).
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(iii) The mean absolute difference between the estimated travel time and the actual travel
time for trips in this study was 3.5 minutes, with a standard deviation of 2.8 minutes.

The study also found that 87% of trips had absolute differences of less than five
minutes. :

@A(WO reasons why it would be inappropriate to use a normal distribution to
model the absolute differences between the estimated travel time and the actual travel

time for trips.
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QUESTION TWO

(a) The table below shows the probability distribution of the random variable X.

¥ 0 1 ) 3 4
P(X=x) 0.11 0.21 0.24 0.25 0.19
M EBA=2.2.
Calculate VAR(X).
Nar OX) =) 622
(i) The random variable ¥ has VAR(Y) = 1.5376.

(b) 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.

()

VAR(X + Y) = 5.5696.

Are X and Y independent?

Support your answer with appropriate statistical statemén‘@/

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?
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A
(i1) r that should be considered when modelling the average temperature
in a New Zealand living room on a winter evening.

AD ackor o whelher peoph heve hesters /

(iif) Suppose that five New Zealand houses were selected at random, and it was found that
the average temperature of the living room on a winter evening was below 16°C for four

of these houses.

Would finding four or more houses out of five with an average temperature of the living
room below 16°C be unlikely under the probability distribution model described above?

Support your answer with a calculation.,
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QUESTION THREE
A study collected data on water use within New Zealand homes for the purpose of assisting councils,
government agencies, and water suppliers to introduce water efficiency measures.

Prior to the study, it was estimated that each person in New Zealand flushes the toilet on average 4.7
times pet 24-hour period. ‘

(@ (i) Usinga Poisson distribution model, calculate an estimate for the probability that a
person flushes the toilet less than five times in any 24-hour period.

Plx < D=0.hiks/

(ii) @b\ why it may not be appropriate to use a Poisson distribution to model
the number of toilet flushes for any 4-hour period.
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(b) Datawas collected on the number of times each person flushed the toilet during a 24-hour
period. The data from 200 people from across 84 homes in the study is summarised in the

table below.

Number of toilet
flushes during 0 1 2 3 4 5 6 7 8 9 10

24-hour period
Proportion \ 0 l0.0l 01 10.17]026|0.14]0.12 | 0.11 0.05‘0.01\0.034\

(i) Calculate thg'mean umber of toilet flushes made per 24-hour period for people in this

study. S\
00 b FH KO
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(i) Did most people in this study flush the toilet at least four times during a 24-hour period? ASSESSOR'S

Support your answer with a calculation.
P> 0 0264 0.1 40612 4 0.1 +0. 05 406.0(40.03
=o-32
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(iii) The graph below shows the experimental distribution (shaded bars) and a Poisson
distribution with A = 4.7 (the model distribution shown in black).
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Number of toilet flushes during a 24-hour period

iscuss TWO rgasons why a Poisson distribution with ) = 4.7 may not be a good model
for the number of toilet flushes for any 24-hour period.
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(a) (ii) The shape the candidate is calculating is not a triangle so the
triangular distribution is not appropriate. To reach r, the candidate
needed to find P(x<40) and subtract it from 1, to do this the base of
the triangle should be 20 not 180.

(b) Both part (i) and (ii) are necessary for r. In (ii) the conditions of the
binomial are not given in context. To reach r at least 2 need to be in
context e.g. ‘there are only two possible outcomes: the estimate is
accurate or not accurate.’

(b) (iii) evidence for each reason has not been provided. The candidate
has also not linked their statements to the normal distribution.

To reach u a link to the normal distribution is required e.g. ‘Normal
distribution has no upper or lower limits so they would not be able to
travel for endless hours or travel for a negative amount of time.’

To reach r one limitation of the normal clearly linked to the context of
absolute differences is needed e.g. ‘Normal distribution has no lower
and upper bound. “

For t, two limitations clearly linked and in context are required.

(b) Both (i) and (ii) are needed for r.

(i) the factor has been identified but there is no explanation of how a
heater will affect or change the living room temperature.

(b) (iii) the student has not used the Normal Distribution to calculate the
probability of less than 16 degrees and then used this as their
probability in the Binomial calculation. This is necessary for r and t

(a) Both part (i) and (ii) are necessary forr.

(i) to reach r the candidate needed to discuss the idea that the rate
people flush at will change depending on which 4 hour block they are
in

(b) both part (i) and (ii) are necessary forr.

Part (ii) has been correctly answered. Part (i) is incorrect, as the
candidate has divided the correct answer by 10.

b) (iii)
Reason 1. For u, the candidate has identified that the Poisson and

Experimental distributions don’t match and places where the Poisson
is overestimating the proportion of flushes.




Forr, the candidate needed to identify the specific numerical value(s)
of the Poisson and the experimental distributions for at least one
amount of flushes e.g. ‘ the Poisson estimates that the proportion of
flushes for 4 flushes per 24hour period is 0.18 while the experimental
study had 0.26. This is a large difference.’

Reason 2: This is not a valid reason. The context is about the number
of times one person flushes in 24 hours, not the number of toilets that
can be flushed in the context of this question it is not possible for the
same person to flush two toilets simultaneously.






