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Question 5 (26 marks)

This question is intended to assess your understanding of the modelling
process.

You should be able to answer this question after working through Unit C3.
You are not expected to use MINITAB to answer this question.

(a)

®)

In a quality control study, knots formed during the manufacturing
process of a length of cotton were noted.

(i) Discuss briefly whether the length of cotton (in cm) between
successive knots should be regarded as a continuous or discrete
variable. 2
(if) Based only on the context in which the data were obtained,
suggest a model for the gap between adjacent knots, giving
reasons for your choice. 3]

A statistician analysed some data on the number of finger ridges
present in identical twins. During her analysis, she made the following
mnotes:

Used MINITAB version 16. MINITAB worksheet fingers.

Data source: Newman, H.H., Freeman, F.N. and Holzinger,

K.J. (1937) Twins, University of Chicago Press.

Data: 12 measurements in each group (twint and twin2),
paired.

Caleulated differences (diff = twini - twin2), mean of
diff 2.08, standard deviation 5.14, range —8.00 to 13.00.

Checked normality of diff using probability plot: OK.
Histogram of diff: not noticeably asymmetric.

Paired t-test: 95% CI for mean difference (—1.18,5.35),
T-value = 1.40, P-value = 0.188. Mean number of finger
ridges are the same in identical twins.

Using these notes as a guide, write a brief statistical report of the
statistician’s analysis. Your report should include the following
sections:

Summary (4 marks)
Introduction (3 marks)

Methods (6 marks)

Results (5 marks)

Discussion (3 marks)

Your completed report should be similar in style and length to the

completed statistical report in Subsection 4.2 of Unit C3. [21]
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Question 1 (10 marks)

This question is intended to assess your understanding of confidence
intervals and their interpretation.

You should be able to answer this question after working through Unit B3.

In a study of dental pain, 80 people who suffered pain from sensitive tecth
were given a particular brand of toothpaste (toothpaste A) to use twice a
day during a thirty-day period. After that period, 64 out of the 80 people
reported that they no longer suffered pain from sensitive tecth. Based on
this result, an approximate 95% confidence interval (0.710,0.801) was
calculated for the proportion of people suffering pain from sensitive teeth
who would no longer experience pain when using toothpaste A twice a day
during a thirty-day period.

Tn parts (a) and (b), you should adapt the repeated experiments and
plausible ranges interpretations, respectively, of a confidence interval given
in Section 2 of Unit B3 (and in the Handbook) to this particular context
and confidence interval. Note that the above confidence interval is for a
proportion, so your interpretations should refer to a proportion (not to a
mean).

(a) Interpret the confidence interval using the repeated experiments
interpretation by filling in the gaps in the template below.

1f a large number of samples of
. and on each occasion .

were drawn independently from
.. then ......... would contain

3]
(b) Interpret the confidence interval using the plausible ranges
interpretation by filling in the gaps in the template below.

The confidence interval (0.710,0.801) defines a plausible range of
<ieeees I the following sense.

If ...... were greater than ......, then the probability of observing ..
less than or equal to ...... would be less than ..... . Similarly, if .
were less than ......, then the probability of observing ......... would be
less than

(c) Are the data consistent with 90% of people with pain from sensitive
teeth no longer suffering pain after using toothpaste A twice a day for
a thirty-day period? Justify your answer briefly. 2

(5]
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Question 2 (14 marks)
This question is intended to assess your understanding of significance
testing.

You should be able to answer this question after working through
Sections 1 to 4 of Unit CI.

In a study of bowel cancer and alcohol consumption, the past drinking
habits of patients with bowel cancer and patients with non-cancerous
bowel disorders were determined. In a sample of 110 bowel cancer
patients, 72 were heavy drinkers. In a sample of 95 patients with
non-cancerous bowel disorders, 47 were heavy drinkers.

(a) () Inasample of size 110 of patients with bowel cancer, what
distribution provides a model for the number of patients who
were heavy drinkers? Explain the meaning of any symbols that
you use.

(if) In a sample of size 95 of patients with non-cancerous bowel
disorders, what distribution provides a model for the mumber of
patients who were heavy drinkers? Explain the meaning of any
symbols that you use.

(i) Using the same notation that you used in parts (a)(i) and (a)(ii),
write down the null and alternative hypotheses to be used to test
whether the proportion of patients with bowel cancer who were
heavy drinkers is different to the proportion of patients with
non-cancerous bowel disorders who were heavy drinkers.

(b) In this part you are going to carry out a significance test for the null
and alternative hypotheses that you suggested in part (a)(iii).
(i) Using MINITAB to do any caleulations, do the following:
o State the test statistic.
o Write down the null distribution of the test statistic.
o Write down the observed value of the test statistic.
«  Report the significance probability for the test.

(if) State your conclusions from this test.

2]

2]

2]

4]
4]




image3.png
Question 3 (16 marks)

This question is intended to assess your understanding of fixed-level
testing and power.

You should be able to answer this question after working through Unit C1.

(a) A study was undertaken to investigate a new method of measuring
body fat composition. The MINITAB worksheet bodyfat.mtw
contains the variables age, giving the age (in years), and bodyfat,
giving the body fat (in %), for each of fourteen women.

A standard method of measuring body fat gives a mean measurement
of 20% for these women, and it is of interest to see whether this new
method of measuring body fat composition differs from the standard.
1t can be assumed that the data for measuring body fat can be
modelled using a normal distribution whose mean and standard
deviation are not known.

(i) In this part you are asked to carry out a fixed-level test, using a
5% significance level, of the null hypothesis Ho : j1 = 20, where
is the population mean measurement of body fat composition
with the new method.
o Write down the alternative hypothesis.
o State the test statistic and write down its null distribution.
o Obtain the rejection region of the test statistic.
o Write down the observed value of the test statistic. (You
should use MINITAB to obtain this value.) lul

(ii) State your conclusions from the test. 5]

(b) The research group decides to carry out a similar study of taking body
fat composition measurements using the new technique on a different
group of women. They intend to use a two-sided fixed-level test with
a 1% significance level. They want to recruit enough women to the
study so that the power of the test to distinguish a true underlying
‘mean body fat composition of 33% from the value of 20% in the null
hypothesis will be 90%. In order to calculate the sample size required,
the researchers are prepared to assume that the population standard
deviation of body fat composition for women will be close to the
sample standard deviation for the women in the study in part (a).

Use MINITAB to calculate the size of the sample required. Write
down the input values and setting that you supplied to MINITAB, as
well as the calculated sample size. ]
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Question 4 (34 marks)
This question is intended to assess your understanding of nonparametric

tests.

You should be able to answer this question after working through Unit C2.
You are advised to use MINITAB to help you to answer this question.

(a) A study was designed to compare antibody responses in normal and
alloxan-diabetic (AD) mice. Three groups of mice were injected with
5mg of an antigen, and the antibody response (in mg/ml) produced
by the mice was measured. The MINITAB worksheet diabetes.mtw
contains measurements taken from normal mice treated with a
placebo, AD mice treated with a placebo, and AD mice treated with
insulin, in the columns placebo, ADplacebo and ADinsulin,
respectively.

@

The differences between the antibody responses in AD mice
treated with a placeho and AD mice treated with insulin are of
particular interest. By producing appropriate plots, explain why
it would not be appropriate to assume that the data are
observations from normal distributions.

Use an appropriate test (and justify your choice) to explore
whether there is a difference between the antibody response in
AD mice treated with insulin and AD mice treated with a
placebo. Give your conclusions.

(iii) A (two-sided) test of the null hypothesis that the underlying

median antibody response produced by AD mice treated with
insulin is 140 mg/ml is to be carried out using the data. Explain
briefly the advantage of using the Wilcoxon signed rank test over
using the sign test. Also explain briefly why there might be a
disadvantage to using the Wilcoxon signed rank test rather than
the sign test with these data.

(iv) Carry out both a sign test and a Wilcoxon signed rank test of the

null hypothesis that for AD mice treated with insulin, the median
antibody response is 140 mg/ml.

(3]

8]

(3]

[51
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(b) The number of heart transplants performed each day in a cardiac unit
was recorded for 125 days. The data are given in Table 3.

Table 3 Heart transplants performed by a cardiac unit

Number of transplants 0o 1 2 3 4 5 >5
Observed frequency 3 8 20 43 23 22 6

(i) The sample mean number of heart transplants performed by the
cardiac unit in one day is 3. Obtain the expected frequencies of
0,1,2,3, 4,5 and >5 heart transplants performed by the unit in
125 days, assuming a Poisson model with mean 3.

Without doing any further calculations, comment on the quality
of fit of the Poisson model. 6]

(i) Carry out a chi-squared test of goodness of fit of a Poisson model
to these data, pooling categories where necessary to satisfy the
requirements of the test. Report your conclusions carefully. 9]




