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INSTRUCTIONS:  Answer question one and any other two questions.  
 

QUESTION ONE (30 MARKS) 

a) Explain the following terms as used in modeling;.    (6 Marks) 

(i)  Estimator  

(ii) Parameter  

(iii)Disciminant analysis 

b) Outline the key assumptions in regression modeling.   (4 Marks) 

c) Given that εββ ++= ii XY 10  such that �~NIID(��� Find Var(��/��) (5 Marks) 

d) Giving relevant examples, discern between factor analysis and principal component 

analysis.         (5 Marks) 

e) Given the error sum of squares for any model is given by 2
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show that E(SSE) = (n-2)��.       (6 Marks) 

f) Describe a kernel as used in simple non-parametric regression.  (4 Marks) 

QUESTION TWO (20 MARKS) 

a) Define a multiple linear regression model     (2 Marks) 

b)  Briefly discuss collinearity in regression modeling    (4 Marks) 

c) A regresson model is to be developed for predicting the ability of soil to absorb chemical 

contaminants. Ten observations have been taken on a soil absorption index (y) and two 
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regressors; 	
 =amout of extractable iron ore and x2- amount of bauxite. We wish to fit 

the model Y= �
 + �
�
 + ���� + �. Some necessary quantities are : 

(�����
 = � 0.214653−0.007491 0.001671−0.000340 −0.000019 0.0000015�and ��� � 725.828,008.37274,811.31� 

(i)  Estimate the regression coefficients of the model specified above   (7 Marks) 

(ii)  Predict the soil absorption ability if 	

 = 3 and 	�
 = 50   (4 Marks) 

(iii)  If the observed value �
 = 9.95, calculate its corresponding residual. (3 Marks) 

QUESTION THREE (20 MARKS) 

a) Given the model �� = �
 + �
	� + �� with ��~#$$%(0, ��� show that E(�&
� = �
 

(4 Marks) 
b) Briefly explain a non-linear regression model.    (3 Marks) 
c) Given that '(�, (� = (
[*	+((
��]  is intrinsically linear , write it in the form 

 g(X,(� = �
 + �
� + �       (4 Marks) 
d) Let �� = (
 exp((
��� + �� be a two-parameter non-linear exponential model. Using the 

method of least squares, derive the two normal equations for the least squares estimates. 
(9 Marks) 

QUESTION FOUR (20 MARKS) 

a)       Explain the motivations of non-parametric regression.   (4 Marks) 

b)      Let  }{ 5

1, =iii YX  be { })5,5(),6,2(),4,3(,)12,7(),5,1( , compute the k-NN estimate 345(	� for 

 	 =  4 678 9 = 3        (3 Marks) 

c)     Briefly explain a neural network as used in modeling.    (3 Marks) 

d)     Let 
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)4()3()2()1( XXXX  with correct classification 

0,1 )4()3()2()1( ==== ZZZZ . The perceptron with weight :
, :
, :� classifies an object as 1 if 

and only if Y=:;� = :
�
 + :
�
 + :��� > 0 and 0 elsewhere. As initial vector , use : =
 =000> and set ? = 1.        (10 Marks) 
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QUESTION FIVE (20 MARKS) 

a) Explain factor loadings as used in factor analysis.    (3 Marks) 
b) Let X be a random variable with the distributions; Π
: '
(	� = +(	 = 0� = +(	 = 1� =  ½ Π�: '�(	� = +(	 = 0� = ¼; +(	 = 1� =  ¾, construct the classification procedure 

(6 Marks) 

c) Let  ),(~ µNX be tri-variate normal random vector with ∑ =8 1 01 3 00 0 5>. Find; 

(i)  The first two principal components     (7 Marks) 
(ii) The proportion of variance explained by the first principal component(4 Marks) 

 

 

 


