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Answer ALL questions. Write your answers in the spaces provided.

A group of eggs in a bird’s nest is called a clutch. The number of eggs in a clutch is
called the clutch size.

Stéphanie is studying the size of tree swallow clutches in southern Québec, Canada. She
surveys a large number of occupied nest boxes and records the sizes of the clutches. She
calculates the probability that each clutch size occurs using her data.

Stéphanie’s results are shown in Figure 1.

Clutch size x PX=x)

0 0
1 0
2 0.006
3 0.02
4 0.096
5 0.377
6 0.417
7 0.073
8 0.011

>9 0

Source: Adapted from https://doi.org/10.1111/jav.00725

Figure 1: Probabilities of tree swallow clutch sizes

(a) Find the probability that a tree swallow clutch, chosen at random, contains more than
6 eggs.
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(b) Calculate the probability that if 3 tree swallow clutches are chosen at random, none
of them contains more than 6 eggs.
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(¢) Find the mode, median and mean number of eggs in a tree swallow clutch.
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Question 1 continued

(d) Calculate the standard deviation of the number of eggs in a tree swallow clutch.
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(Total for Question 1 is 13 marks)

(e) Use Figure 1 and your answers to parts (c) and (d) to make three comments about
Make at least one comment in support of Max’s belief and at least one comment

Stéphanie’s colleague Max believes that the clutch size of tree swallows can be modelled
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Antonius is a researcher into the medical condition IBS (Irritable Bowel Syndrome). He

surveyed the quality of life of random samples of male and female patients with IBS.

His summarised results are shown in Figure 2.

Higher results indicate a higher quality of life.

Sample size

Sample mean

Sample standard deviation

Male

18

58

12.6

Female

53

479

12.7

Source: PLoS ONE 12(7): 0181764

Figure 2: Results of quality of life survey of male and female patients with IBS

Antonius carried out a ¢-test comparing the quality of life of the male and female patients.
The t-test resulted in a pooled sample variance of s pz = 160.7 and a p-value of 0.00471.

(a) Calculate the value of Cohen’s d for the effect of male IBS patients’ quality of life as

compared to female IBS patients’ quality of life.

(1)
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(Total for Question 2 is 3 marks)

(b) Use both the result of Antonius’ #-test and the value of Cohen’s d calculated in part (a)
to draw conclusions about the difference in male and female IBS patients’ quality of
life. You may assume that quality of life survey results follow a normal distribution.
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3 The diagram, Figure 3, illustrates relative search interest % in boots and sandals using

the Google search engine during a one-thousand-day period. The information is for the
UK only.

The numbers on the vertical axis represent search interest relative to the highest point on
the chart for the UK during this time period.

A value of 100% is the peak interest in boots or sandals, in the UK, during this time period.

100
90
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" y, r y
f Key:
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f k l \ — Boots
1 N ’

Relative search interest %

30 A/ \V? "‘\‘ :,—1
20 ~N i Y . ~ & 3
104 s R
O SN Al R S -
0 200 400 600 800 1000
Days

Source: Google Trends

Figure 3

(a) Describe the pattern of search interest in boots and sandals that is illustrated in
Figure 3.

Make four different comments.
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(Total for Question 3 is 6 marks)

bout search interest in boots and sandals, in the UK, during
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4 Following the Fukushima Daiichi nuclear power plant disaster in 2010, a group of

scientists studied radiation shielding.

Before they started testing radiation shields, the scientists measured the background
radiation within their laboratory. They used a Geiger counter which counted the number
of radioactive particles detected in the laboratory in counts per minute.

The scientists modelled the background radiation with a Poisson distribution.

(a) Describe, in context, three assumptions that must be made about background
radiation for the Poisson model to be suitable.
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The Geiger counter recorded 84 cpm (counts per minute) in the laboratory.

Adapted from DOI 10.1007/s12199-012-0314-6

Source

d as a model.

101 1S use

(b) Calculate the mean and the standard deviation of the number of counts per second of
radioactive particles in the laboratory when the Poisson distribut

3

(c) Find the probability that fewer than 4 counts of radioactive particles are recorded in
any one second in the laboratory.
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A Geiger counter clicks every time it detects a radioactive particle.

(d) State fully the distribution of the time (in seconds) between successive clicks of the
Geiger counter in the laboratory.

(2)
(e) Using the model from part (d), find the probability that a wait of less than 2 seconds
is recorded for the time between two randomly selected successive clicks of the
Geiger counter in the laboratory.
(2)

(f) Calculate the expected time, in seconds, between successive clicks of the Geiger counter in
the laboratory.

(1)

(Total for Question 4 is 13 marks)
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5 Daisuke, a physicist, conducted a study into whether a 4 mm thick layer of cardboard is an
effective shield against radiation from soil contaminated by a nuclear power plant disaster.

<L

= He measured the radiation dose in microSieverts per hour (uSv/h), for containers of

:"; contaminated soil, both without and with a dry 4 mm thick cardboard cover.

E Daisuke’s summarised results are shown in Figure 4.

=Z

i

= . Sample standard
~a Sample size Sample mean S

= deviation
= . .

g Without dry 4 mm thick cardboard cover 5 13.0 0.10

8 With dry 4 mm thick cardboard cover 5 9.99 0.08

Source: DOI 10.1007/s12199-012-0314-6

Figure 4

(a) Test at the 1% significance level, whether the dry 4 mm thick cardboard cover has decreased
the radiation dose from the contaminated soil by more than 2 pSv/h on average.

You may assume that doses of radiation follow a normal distribution.
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Question 5 continued
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6 Andrew works in the human resources department of a very large company. He has been

given the task of assessing the impact of a new procedure for submitting work expenses
claims.

Andrew has been given the following information about claims for one department of
the company.

In the 6 months before the introduction of the new procedure, the number of claims
received was 522, of which 43 were rejected because they were submitted incorrectly.

In the 3 months after the introduction of the new procedure, the number of claims
received was 315, of which 19 were rejected because they were submitted incorrectly.

(a) Using Andrew’s data, conduct a test to investigate whether the proportion of claims
rejected because they were submitted incorrectly has changed, at the company, since
the introduction of the new procedure.

3)
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(b) Give three reasons, in context, why the result of the test in part (a) might be invalid.

Consider the method of data collection and assumptions of the test used.
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(c) Andrew has been told to conduct a questionnaire survey on the opinions of the
company’s employees about the new expenses claim procedure.

Advise Andrew on how he could successfully collect an appropriate sample of
completed questionnaires. Take into account the following information.

e Andrew has been given only 10 working days to complete his survey and analyse the results.

e A spreadsheet containing records of employee roles and contact details is available to him.
e The more senior roles within the company have fewer people in them.
e The more senior roles within the company make more expenses claims.

C))
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Question 6 continued

(Total for Question 6 is 15 marks)
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7 A group of researchers found that skin healing cells called fibroblasts are more active
during the day than during the night.

=)
The researchers then collected data from the records of a specialist hospital burns unit of the o
time x, in days, that 26 similar burn injuries, in adults, took to heal (to 95% wound reduction). Cz>
-1
They categorised the data by the time of day at which the injury occurred. s
Their results are shown in Figure 5. m
2
-y
Time of day at which the burn injury occurred %
00:00-03:59 04:00—07:59 08:00—11:59 |12:00—15:59 | 16:00—19:59 20:00-23:59 E
29 27 12 15 16 20 i
38 30 15 17 17 21
42 32 16 18 19 23
18 20 19 25
21 20 S
X9
21 o)
23 5
5
Total 109 89 61 91 135 89 =
:-iﬁ‘.-;
(Data source: DOI: 10.1126/scitranslmed.aal2774) i-iE‘.-;
S
Figure 5: Time taken in days for burn injuries to heal :-%:-;
Z‘-i>?-;
The data produced the following summary statistic :_E:}:

2.2 = 13962 -

You may assume that the times taken for burns to heal follow a normal distribution.

(a) Carry out a hypothesis test to investigate whether there is any difference between 58S
the mean times taken for a burn to heal based on the time of day at which the burn S
occurred.

Interpret your conclusion fully. Include comments on the specific differences, if
any, between the mean times taken for a burn to heal for the different times of day at
which the burn occurred.

(13)
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