
Copyright © Loughborough University. All rights reserved. 1 

STATISTICAL METHODS 
AND MACHINE LEARNING 

22WSD546 

Semester 1 2022 In-Person Exam paper 

This examination is to take place in-person at a central University venue under exam 
conditions. The standard length of time for this paper is 2 hours. 

You will not be able to leave the exam hall for the first 30 or final 15 minutes of your exam. Your 
invigilator will collect your exam paper when you have finished. 

Help during the exam 

Invigilators are not able to answer queries about the content of your exam paper. Instead, 
please make a note of your query in your answer script to be considered during the marking 

process. 

If you feel unwell, please raise your hand so that an invigilator can assist you. 

You may use a calculator for this exam. It must comply with the University’s Calculator Policy 
for In-Person exams, in particular that it must not be able to transmit or receive information 
(e.g. mobile devices and smart watches are not allowed).
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STATISTICAL METHODS AND MACHINE LEARNING 

(22WSD546) 

January 2023 2 Hours 

Answer ONLY THREE questions out of FOUR. 

All questions carry equal marks. 

Any University-approved calculator is permitted. 

A range of formulae and tables likely to be of benefit in the solution of these questions is 

provided at the rear of the paper. 

1. 

a) Suppose that samples of size n = 25 are selected at random from a

normal population with mean 100 and standard deviation 10. What

is the probability that the sample mean falls in the interval from

𝜇𝑥̅ − 1.8𝜎𝑥̅ to 𝜇𝑥̅ + 1.0𝜎𝑥̅? [10 marks] 

b) Let 𝑋1, 𝑋2, … , 𝑋𝑛  be a random sample of size n from a population

having mean 𝜇 and variance 𝜎2. Show that 𝑥̅2 is a biased estimator

of 𝜇2. [10 marks] 

2. The life in hours of a battery is known to be approximately normally

distributed with standard deviation 𝜎 = 1.25 hours. A random sample of 10

batteries has a mean life of 𝑥̅ = 40.5 hours.

a) Is there evidence to support the claim that battery life exceeds 40

hours? Use 𝛼 = 0.05. [10 marks] 

b) What is the P-value for the test in part (a)? [5 marks] 

c) What is the 𝛽 −error for the test in part (a) if the true mean life is 42

hours? [5 marks] 
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3. Regression methods were used to analyse the data from a study 

investigating the relationship between roadway surface temperature (𝑥) 

and pavement deflection (𝑦 ). Summary quantities were 𝑛 = 20, ∑𝑦𝑖 =

12.75, ∑𝑦𝑖
2 = 8.86, ∑𝑥𝑖 = 1478, ∑𝑥𝑖

2 = 143,215.8, ∑𝑥𝑖𝑦𝑖 = 1083.67. 

a) Calculate the least squares estimates of the slope and intercept. 

Estimate 𝜎2.  [14 marks] 

b) Use the equation of the fitted line to predict what pavement deflection 

would be observed when the surface temperature is 𝑥 = 85℉.  [2 marks] 

c) Suppose that the observed value of pavement deflection at 𝑥 = 90℉ 

is 𝑦 =0.85. Calculate the value of the corresponding residual. [4 marks] 

 

 

4. Logistic regression is a binary classification technique. Suppose the 

dependent variable is 𝑌 and we have two features of 𝑋1 and 𝑋2. 

a) Drive the decision criteria for a logistic regression to predict whether 

𝑦̂ = 1 or 𝑦̂ = 0 given 𝑋1 = 𝑥1 and 𝑋2 = 𝑥2 if 𝛽0=2, 𝛽1 = 0, 𝛽2 = 5.  [8 marks] 

b) Support vector machine (SVM) is another linear classification 

technique. Using the same coefficients in part (a), derive the 

decision criteria of SVM with a hard margin.  [8 marks] 

c) Name two non-linear classification techniques.   [4 marks] 

 

W. Zhang 
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