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Section A - Knowledge, Understanding, and Application

Question 1

Eachmonth a brokerage house studies various companies and ranks each company’s stock as being either
‘low risk’ or ‘moderate to high risk’. In a recent report, the brokerage house summarised its findings about
15 aerospace companies and 25 food retailers in the following table:

Type of Company Low Risk Moderate to High Risk
Aerospace company 6 9

Food retailer company 15 10

a) If we randomly select one of the total of 40 companies, what is the probability that the company’s
stock is ‘moderate to high risk’ given that the firm is an aerospace company? [4 marks]

b) If we randomly select one of the total of 40 companies, what is the probability that the company’s
stock is moderate to high risk given that the firm is a food retailer? [3 marks]

c) Examine and assess if the company’s type is independent of the level of risk of the firm’s stock.
[3 marks]

Question 2

Suppose that the probability distribution of a random variable X can be described by the formula:

p(x) =
x

15
for x = 1, 2, 3, 4, 5.

a) Show that the probability distribution of X satisfies the properties of a discrete probability distri-
bution. [3 marks]

b) Calculate the expected value of X . [3 marks]

c) Calculate the variance and standard deviation of X . [4 marks]

Question 3

Suppose that an airline quotes a flight time of 2 hours 10 minutes between two cities. Furthermore,
suppose that flight records indicate that the actual flight time between the two cities, X , is uniformly
distributed between 2 hours and 2 hours 20 minutes.

a) Formally define the probability distribution of the flight time between two cities and graph it.
[4 marks]

b) Find the probability that a randomly selected flight between the two cities will be at least five
minutes late. [2 marks]

c) Calculate the mean flight time and the standard deviation of the flight time. [4 marks]

Turn Over
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Question 4

You have successfully launched a new brand for a Bubble Tea shop and plan to open 6 shops. You have
six candidates in mind who can run each shop. Suppose each candidate accepts with a probability of 40%,
and they make their decisions independently. Further, suppose that if X is the number of Bubble Tea
shops that are opened, your profit (in £) is expressed as:

Φ = 200X − 300− 20X2

a) What is the expected number of shops you can open? [3 marks]

b) What is the expected profit? [3 marks]

c) What is the chance you will make a positive profit? What is the chance you will lose money?
[4 marks]

Question 5

Suppose that we will randomly select a sample of 100 units from a population and compute the sample
proportion of these units that fall into a category of interest. Assume the true population proportion
equals 90%.

a) Describe the shape of the sampling distribution and justify your answer. [3 marks]

b) Find the mean and the standard deviation of the sampling distribution of the sample proportion.
[4 marks]

c) Calculate the probability that the sample proportion is greater than 85.5% and less than 94.5%.
[3 marks]

Section B - Analysis, Evaluation, and Synthesis

Question 6

When S successes occur in n trials, the sample proportion p̂ = S
n customarily is used as an estimator of

the probability of success p. However, sometimes there are good reasons to use the estimator p̂∗ = S+1
n+2 ,

which can also be written as:
p̂∗ =

n

n+ 2
p̂+

1

n+ 2
.

a) Find the mean squared error (MSE) of p̂. [5 marks]

b) Find theMSE of p̂∗. [5 marks]

c) Suppose that it is known that p is close to 0.5 and n = 1, 000. Which estimator would you prefer?
[5 marks]

Turn Over
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Question 7

Suppose that a plant manufactures integrated circuits with a mean life of 1000 hours and a standard de-
viation of 100 hours. An inventor claims to have developed an improved process that produces integrated
circuits with a longer mean life and the same standard deviation. The plant manager randomly selects
50 integrated circuits produced by the process. She says that she will believe the inventor’s claim if the
sample mean life of the integrated circuits is greater than 1050 hours; otherwise, she will conclude that the
new process is no better than the old process. Consider the null and alternative hypothesesH0 : µ = 1000
vs. H1 : µ > 1000.

a) What is the probability that the plant manager erroneously rejects the null hypothesis when it is
valid? (Hint: Type I Error) [7 marks]

b) Suppose the new process is in fact better and has a mean integrated circuit life of 1080 hours. What
is the power of the plant manager’s testing procedure? (Hint: Type II Error) [8 marks]

Question 8

Suppose a new standardized test is given to 150 randomly selected third-year students in Amsterdam.
The sample average score, Ȳ , on the test is 42 points, and the sample standard deviation, sY , is 6 points.

a) The authors plan to administer the test to all third-year students in Amsterdam. Construct a 99%
confidence interval for the mean score of all third-year students in Amsterdam. [6 marks]

b) Suppose the same test is given to 300 randomly selected third-year students from Rotterdam, pro-
ducing a sample average of 48 points and a sample standard deviation of 10 points. Construct
a 95% confidence interval for the difference in mean scores between Rotterdam and Amsterdam.

[7 marks]

c) Can you conclude with a high degree of confidence that the population means for Rotterdam and
Amsterdam students are different? (What is the standard error of the difference in the two sam-
ple means? What is the p-value of the test of no difference in means versus some difference?)

[7 marks]

End of Paper - An Appendix of 5 pages follows
Turn Over
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STATISTICAL TABLES
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Cumulative areas under the standard normal curve

Note that if z is less than -3.99, you may approximate the probability as P (z < −3.99). Turn Over
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Cumulative areas under the standard normal curve (continued)

Note that if z is greater than 3.99, you may approximate the probability as P (z < 3.99).
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End of Appendix


