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Section A - Knowledge, Understanding, and Application

�estion 1

A tech company, InnovateTech, is recruiting so�ware engineers in 2024. A candidate applies for two job
roles: Front-End Developer and Back-End Developer. Based on company hiring statistics:

• The probability of receiving an o�er for the Front-End Developer role is 0.25.

• If the candidate receives an o�er for this role, the probability of also receiving an o�er for the
Back-End Developer role is 0.4.

• If the candidate does not receive an o�er for the Front-End Developer role, the probability of re-
ceiving an o�er for the Back-End Developer role is 0.15.

a) Calculate the probability that the candidate receives o�ers for both roles. [3 marks]

b) Calculate the probability that the candidate receives at least one o�er. [3 marks]

c) Are the events ”receiving an o�er for the Front-End Developer role” and ”receiving an o�er for the
Back-End Developer role” independent? Justify your answer mathematically. [4 marks]

�estion 2

A company is analysing the lifespan (in years) of a certain type of rechargeable ba�ery used in electric
vehicles. The lifespan of a randomly chosen ba�ery, denoted asX , is modeled by the following probability
density function (PDF):

f(x) =

(
1
4 , 0  x  4

0, otherwise

where X represents the number of years the ba�ery lasts before it requires replacement.

a) Verify that f(x) is a valid probability density function by checking the necessary conditions.
[3 marks]

b) Derive the cumulative distribution function (CDF), F (x), for all values of x. [3 marks]

c) Compute the expected lifespan E(X) and the variance Var(X). [4 marks]

Turn Over
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�estion 3

A car service center in London is analyzing the time required for a routine vehicle inspection. Based on
historical data, the inspection time (in minutes) follows a normal distribution with a mean of 45 minutes
and a standard deviation of 8 minutes.
To maintain customer satisfaction and e�iciency, the service center has set a promised service time for
customers and is evaluating whether adjustments are needed.

a) A customer arrives at the service center and asks how long the inspection will take. What is the
probability that the inspection is completed in less than 30 minutes? [3 marks]

b) The service manager informs customers that their car will be ready within 1 hour of drop-o�. How-
ever, due to administrative tasks, the actual inspection begins 10 minutes a�er drop-o�, leaving
50 minutes for the service itself. What is the probability that the inspection takes longer than 50
minutes, causing the center to miss the promised time? [3 marks]

c) The manager wants to ensure that the inspection time meets the promised quality standards at
least 90% of the time. What is the maximum service time that should be allo�ed to achieve this
goal? Based on this result, should the manager revise the current service guarantee? [4 marks]

�estion 4

A global health organization is conducting a study on adult human heights to analyze growth pa�erns
and population health trends. Based on past studies, the height of a randomly selected adult follows a
normal distribution with a mean of 170 cm and a standard deviation of 8 cm.

a) What is the probability that a randomly selected adult is 178 cm or taller? [3 marks]

b) A random sample of 25 adults is selected. What is the probability that the sample mean height is
178 cm or taller? [3 marks]

c) If a random sample of 25 adults is selected, what is the probability that the sample mean height
falls between 166 cm and 178 cm? [4 marks]

�estion 5

A technology research firm conducted a nationwide survey to assess public concerns about online privacy
and data security. The survey asked 1006 randomly selected adults whether they are concerned about
how companies collect and use their personal data online. The results showed that 37% of respondents
expressed concerns about online privacy.

a) Construct a 98% confidence interval for the proportion of all adults who have concerns about online
privacy and data security. [6 marks]

b) Based on your confidence interval in (a), does the interval provide strong evidence to support the
claim that fewer than 38% of adults are concerned about online privacy? Explain your reasoning.

[4 marks]
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Section B - Analysis, Evaluation, and Synthesis

�estion 6

You are the CEO of a growing tech startup that has developed an AI-drivenmobile app. You plan to expand
by launching in six new cities, but your ability to launch in each city depends on securing partnerships
with local investors.

Each potential investor agrees to fund the expansion in a city independently with a probability of 40%.
Let X be the number of cities where expansion is successfully funded. The probability function of X is
given by:

P (X = k) =
6!

k!(6� k)!
(0.40)k(0.60)6�k, k = 0, 1, 2, . . . , 6.

The startup’s net profit function (in millions of GBP) based on the number of successfully funded expan-
sions is given by:

� = 2.5X � 4� 0.3X2.

a) Determine the expected number of cities where expansion will be successfully funded. [5 marks]

b) Compute the expected profit given the profit function �. [5 marks]

c) Find the probability that your startup will be profitable. Similarly, find the probability that your
startup will incur a financial loss. [5 marks]

�estion 7

A wealth management firm is evaluating the average daily return of a stock index to determine whether
it aligns with their expected return of 0.15% per day. The firm is concerned that the index may be under-
performing, a�ecting client investment strategies.

A random sample of 40 trading days shows a mean daily return of 0.12% with a standard deviation of
0.05%. Assume the population standard deviation is � = 0.05% per day.

a) Determine whether the stock index is underperforming by conducting a hypothesis test. Compute
the p-value and assess at which significance levels (↵ = 0.10, 0.05, 0.04, 0.01) the null hypothesis
would be rejected. Based on the results, evaluate whether the firm should revise its investment
strategy. [7 marks]

b) Construct a 96% confidence interval for the mean daily return and compare it with the hypothe-
sis test results. Assess whether the findings suggest that the firm should advise clients to reduce
exposure to this index, providing justification based on both statistical evidence and financial con-
siderations. [8 marks]
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�estion 8

A political research institute is conducting a study to compare voter turnout rates amongmen and women
in a recent national election. The study randomly selectsN1 men and finds thatX1 of them voted. Simi-
larly, it randomly selects N2 women and finds that X2 of them voted.

Let p1 and p2 denote the probabilities that a randomly selected man and a randomly selected woman,
respectively, voted in the election.

To estimate the di�erence in voter turnout rates between men and women, the following estimator is
proposed:

�̂ =
X1

N1
� X2

N2

a) Explain why this estimator is appropriate for comparing voter turnout rates. [5 marks]

b) Is �̂ an unbiased estimator of p1�p2? Justify your answer by computing its expectation. [5 marks]

c) Derive the mean square error (MSE) of the estimator �̂. [5 marks]

d) Explain how the MSE is influenced by sample sizes (N1, N2). Discuss how this might impact policy
recommendations based on survey results. [5 marks]

End of Paper - An Appendix of 5 pages follows
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STATISTICAL TABLES



ECN121 (2025) Page 7

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).
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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


