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This exercise sheet will be discussed in the tutorials of the week beginning 24 April.

For discussion during the tutorial. The main topic of this exercise sheet are hypothesis tests.

(1) The p-value of a statistical test is defined as the probability of obtaining a value of the test
statistic which is more extreme than (or the same as) the observed value, assuming H0 is true.
For example, if we have z = 1.834 in a two-sided z-test, the p-value is

p = P
(
|Z| > 1.834

)
= 2Φ(−1.834) = 0.0667.

For which p-values can we reject H0? Why does the statement “H0 is true with probability p”
make no sense? If H0 is true, what is a typical p-value?

(2) In lectures we have discussed how we can test whether variates observed for two different
populations have the same mean. Assume that we have observed two variates for each individual
of a population instead, i.e. we have observed paired samples (x1, y1), . . . , (xn, yn). Find examples
of observations of this type. How can we test whether x and y have the mean in this situation?

(3) Try to solve the following exam question from the 2014 MATH1725 paper:

a) The absenteeism rates in days and parts of days for nine employees of a large company were
recorded in two consecutive years:

employee 1 2 3 4 5 6 7 8 9 total
year 1 3.0 6.7 11.3 5.0 9.4 15.7 8.0 10.0 9.7 78.8
year 2 2.8 5.1 8.4 5.0 6.2 12.2 10.0 6.8 6.0 62.5

Construct a hypothesis test to determine, if there is any evidence that the absenteeism rate is
different for the two years. Carry out your test.

b) Obtain a 95% confidence interval for the mean absenteeism rate in year 2. [We may not yet
have covered this by the time of the tutorial.]

c) State all assumptions you have used in your answer to part (a) above.

d) Suppose now that nine results for year 1 for one groups of employees and nine results for year 2
for a completely different groups of employees are made available. Outline your method of analysis
for determining whether the average absenteeism rate is different for the two years in this case.
Give all the appropriate equations but do not do any numerical calculations.

Homework questions. Your solutions to these questions contribute towards you final mark for
the module. Please hand in your solutions to your tutor via the silver pigeon holes (down the
stairs from the maths reception) by Wednesday, 3rd May, 5pm.

For this exercise sheet, the questions require you to write down a single letter answer for each
question. Thus, your answer should just consist of 10 letters.

Exercise 34. Assume we have observed numerical data x1, . . . , xn and we want to construct a
mathematical model for these data. Consider the following statements:

(i) The model is a random sample from the data.

(ii) The expectation of the model equals the sample mean of the data.

(iii) We can use random variables X1, . . . , Xn as a model for the data.

(iv) The data can be used to estimate parameters of the model.

Which of these statements are true?

A: (i), (ii), and (iii) B: (i) only C: (ii) only D: (iii) and (iv) E: (iv) only
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Exercise 35. For n observations x1, . . . , xn the sample median is M and the lower and upper
quartiles are Q1 and Q3, respectively. How is the semi-interquartile range defined?

A: (Q3 −Q1)/2 B: Q3 −Q1 C: (Q3 +Q1)/2 D: Q3 +Q1 E: M/2

Exercise 36. For a set of n observations x1, x2, . . . , xn, the sample mean is x̄ and the sample
variance is σ̂2

x = 0. Consider the following statements:

(i) x̄ = 0.

(ii) The sample size n is too small.

(iii) The data are normally distributed.

(iv) All the data values are equal.

Which of these statements must be true?

A: (i), (ii), and (iv) B: (i) and (ii) C: (i) only D: (ii), (iii), and (iv) E: (iv) only

Exercise 37. A test of a null hypothesis H0 has significance level 5%. What does this mean?

A: P (reject H0 when H0 is true) = 0.05 B: P (accept H0 when H0 is true) = 0.05
C: P (reject H0 when H0 is false) = 0.05 D: P (accept H0 when H0 is false) = 0.05

Exercise 38. If X has mean 2µ and variance 4, and if Y has mean µ and variance 1, what value
of the constant a makes X + aY and unbiased estimator of µ?

A: a = −1 B: a = −1/2 C: a = 0 D: a = 1/2 E: a = 1

Exercise 39. In exercise 38, above, suppose that X and Y have correlation Corr(X,Y ) = 0.25.
What value of the constant b makes Y and X + bY uncorrelated?

A: b = −1 B: b = −1/2 C: b = 0 D: b = 1/2 E: b = 1

Exercise 40. In exercise 39, above, if c is a constant, what does the variance of X + cY equal?

A: 1 + c+ 4c2 B: 4 + 4c+ 4c2 C: 4 + c+ 4c2 D: 4 + 4c+ c2 E: 4 + c+ c2

Exercise 41. If a random variable X has a χ2(5)-distribution, for what value of q is P (X ≤ q) =
0.95?

A: 1.960 B: 7.779 C: 9.236 D: 9.488 E: 11.070

Exercise 42. Assume we have observed x1, . . . , x100 from a normal distribution with variance
σ2 = 1 and unknown mean µ. The data have sample mean x̄ = 12.482 and sample variance
σ̂2 = 0.9733. Which of the following intervals is a 95% confidence interval for µ?

A: [9.906, 15.058] B: [10.837, 14.127] C: [12.138, 12.672] D: [12.286, 12.678]
E: [12.418, 12.577]

Exercise 43. Assume we have observed 10 samples from a normal distribution with unknown
mean µ and unknown variance. The sample average is x̄ = 7.9859 and the sample standard
deviation is σ̂x = 1.1382. Which of the following intervals is a 95% confidence interval for µ?

A: [5.899, 10.076] B: [6.982, 9.211] C: [7.172, 8.800] D: [7.326, 8.646]
E: [7.438, 8.521]
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