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INSTRUCTIONS: Answer Question 1 and any other TWO.

Question 1 (20 Marks)
@ (1) Explain two properties of covariance matrix for a multivariate distribution
(2 Marks)
(ii) Differentiate between profile analysis and factor Analysis (2 Marks)
(b) 50 packets of match boxes are manufactured each of two ways. Two characteristics, X1
and Xz are measured. The summary statistics produced by method 1 and 2 are summarised as:

0 8.3 2 10 0 10.2 2 1
X, U S, , X, 0 , S, [
4.1 1 6 3.9 1 4

Test at 0.05 level whether there is any significant difference in the characteristics measured.

(6 Marks)
(c) Consider the following five observations of two variables:
X1 [ 95 100 [ 105 |95 105
Xo | 210 | 200 |190 |195 | 205
(i) Find the sample mean vector for this data (2 Marks)
(i) Find the sample covariance matrix (3 Marks)
. : . m 40 . . :
(d) Consider the covariance matrix ] 1 and the derived correlation matrix
1 04
X - E Determine
04 1
0] Construct two principal components from R (4 Marks)
(i)  Determine the proportion of total variance in the data accounted for by the first
principal component. (1 Mark)
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Question 2 (20 Marks)
(a) Let X [ ]xl, Xy yens xp]’ be a p -dimensional column vector of random variables each which

is distributed by N, ~ (W, >), with [1 [1 O, as shown below

1 10
f(ﬁ)Dﬁexpaj—Q 000 X00
L FpE 0 27H

where, Q1 LX [ J0IX [0 .
() Derive the Maximum Likelihood Estimator of - (5 Marks)
(i) Derive the Maximum Likelihood Estimator of [J (5 Marks)

(b) Suppose X [ X,, X,,..., X,are n independent observations and that X ~ N/ < ?:,
(1) Show that the joint distribution of x,,x,,..., X, is the n-variate normal distribution.

(3 Marks)
(ii) Determine the moment generating function of X (7 Marks)

n

Question 3 (20 Marks)

(a) Let the number of variates p=3 and the number of common factors m=1 and suppose the
random variables X1, Xz and X3 have the positive definite covariance matrix

71 063 0450
Y=r063 1 0.35]
H045 035 1

019 O 0 H
andthat 0 Ocov(J)lp O 015 0
Ho o 0751
(i) Show that standardized random variables are given by; Z, [10.9F [1(1,, Z, 0 0.7F 0,
Z,[10.5F 0 ,where var (F,) =cov (J,,F)0 (4 Marks)
(i) Calculate the communicalities, hence interpret your results (3 Marks)

* b) Two groups of students were studied on their performance on three different subject out of a possible
score of 15 marks. The data collected on students who attend classes during the day, n, and those who

attend evening classes N, is as shown below.

Unit Group
Day class, n, [1 37 Evening class, n, [112
Mathematics 13 9
English 10 5
Science 12 9

Page 20of4



(i) Develop the variance —covariance matrix S (3 Marks)
(if) Determine whether the two profiles are parallel (4 Marks)
(iif) Assuming the profiles are parallel determine whether the profiles are coincident (6 Marks)

Question 4 (20 Marks)
Suppose we have the following population of four observations made on three random variables Xj,
Xz, and X3Z

X1 X X3
1.0 6.0 9.0
4.0 12.0 10.0
3.0 12.0 15.0
4.0 10.0 12.0

Suppose the derived correlation matrix is given by;

1 .83 .35
X083 1 .620
H35 62 1

and the corresponding eigen value-eigen vector pairs:
((022e 00058 063 o.5ﬂ (;10.62e,0.054 [0.16 0.82ﬂ

(,00.16,e,0010.60 00.75 0.26ﬂ

(a) Find the three population principal components variables Y1, Y2, and Y3 for the
standardized random variables Z1, Z>, and Z3 (3 Marks)

(b) Determine the proportion of total population variance due to each principal
component (8 Marks)

(c) Obtain the correlations between the original random variables X; and the principal
components Y;. Hence interpret the correlation matrix. (9 Marks)

Question 5 (20 Marks)

(a) Outline Three assumptions about the structure of the data for one way Multivariate
Analysis of Variance (3 Marks)
(b) Explain the objective of canonical correlation analysis (2 Marks)
(©) Let zW= [z 2. and z®@= [z z,> be standardized

variables 2 [1.2®,2®" and
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Mm.0 04 05 0.6]
0% 1 XD g, 0
. 0 n 04 10 03 04
Covariance Z= _ | —D:D 0
X x (0.5 0.3 1.0 0.20
5% | %0 [ U
06 04 02 1.0
Determine the first and second canonical correlations. Hence comment on your results

(15 Marks)
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