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QUESTION ONE (30 MARKS)

(a) (i) What is a mean vector [1 mark]
(ii) Describe how multivariate data are arranged [3 marks]
(b) The data below shows the scores of a sample of 15 students in mathematics, English and
Kiswahili CATS in a certain school
4 8 6 8 9
X= [8 7 4 4 10]
il 8 7 5 9
Obtain
(i) Mean Vector [3 marks]
(i1) Variance-Covariance matrix [5 marks]
(iii)Correlation matrix [3 marks]
(¢) Letx= [5,1,3]and y = [—1,3,1]. Find
(1) The lengtgof X [2marks]
(i)  The angle between X and y [3marks]
n [2mark]

(iii)  The Jength of the projection of xony

(d) A random sample of 10 was obtained from a bivariate normal population with mean vector i
and a known variance-covariance matrix Yo = [ 442 4('321. Find the principal component and

for Hy:p = p vs Hit ft # Ko where po = (6,5)'

hence Test at @ = 0.01 level of significance
[8 marks]

and the sample mean vector is X =(58,52)

QUESTION TWO (20MARKS)
(a) Let x be a p-variate random vector with mean vector y and variance covariance
matrixE, show thatE (xx)=%+ pg', hence show that E(X'AX) = trace (AD) +
y'Ap where A isa symmetric matrix of constants. (8mks)
(b) Einc? the symmetric matrix A for a quadratic form Q(Xy, X, X3) =9X 2 4+16X,X; +
Hence obtain the expected value of Q(X1, X2, X ;) and

X2 4+ 8X,X3 + 6X X5 + .
1 -2 10
(—2 4 3 ) (12mks)

d
E(X'AX) given that B = (—-4) and ¥, =
3 10 3 9




QUESTION THREE (20 MARKS)
(a) Let X;~N, (g, ¥) and X;~Ny (42, 2)- Independent random samples of size 10 and 9 were

taken from X, and X, respectively. The summary statistics are as follows:

% =[5].2 =[Zg]151= 2 10]»52=[146 196

=1 1341772 10 10
(i) Obtain the pooled sample variance-covariance matrix S, [3marks]
(ii) Test the hypothesis at @ = 0.05 level of significance
Ho:pt = Ho
Ho: = pyq
Where ¥ is unknown [Smarks]
(b) For a bivariate normal distribution, use the data below to test at @ = 0.05 level the
hypothesis
Hoep=1(3 d
(4] U (3 41 6)’ Vs
Hy:p=(3.4,6)
_[34562
ol el [7 marks]
(c) Let x be a random vector having the covariance matrix
4 1 2
r= [1 5 3
2 -3 25
Obtain
L
() SquarerootofZ= (V2) (2mk)
1 -1
(i)  Inverse of the square root ¥ = (VE) (1mk)
(iii)  Correlation matrix p defined by
p= (VE) 5 (Vz) (2mks)



QUESTION FOUR (20 MARKS)
a) Let x be a trivariate random vector such that

5 2 3
E(x)=0 and var(x) = [2 3 O] Find the expected value of the quadratic
3 0 2
form
= (xy — x2)* + (2 — 25 )% + (oy— x1)? (Smks)

b) Usmg the variance-covariance matrix in part (g) find the variance covariance matrix of
= (1,,Y;) where ¥; = x; + x; and
Yz = X1 +2x2+x3
(a) Let the multivariate normal distribution be g1ven by

}( ——r
exp 5 [q]

(5mks)

f(yl’yz’y3)=

0, otherwise

where K is a constant and

[syieayleayi-ay,y,18,9,-6y,p,+12y, 10y, 4

Find the variance-covariance matrix X and the mean vector [/ . (10mks)
QUESTION FIVE (20 MARKS)
Observations on three responses are collected from two treatments as shown in the table below
Treatment
1 1 1 1 2 2
Response
Y) 7 8 9 6 7 5
¥y 12 15 13 10 12 10
3 6 6 7 5 7 5
Obtain
(i) Between Treatment sum of squares [6 marks]
(ii) Within treatment sum of squares [5 marks]
(ii))MANOVA table [2 marks]
(iv)Test at @ = 0.05level of significance that there is no treatment effect. [7 marks]
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