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Instruction: 

1. This examination consists of FOUR questions. 

2. Answer Question ONE (COMPULSORY) and any other TWO questions. 

 

Question 1  (20 marks)   

(a) In a multiple regression set up, show that 1( )X Y X X


        (5 Marks)                

(b) Consider a dataset with the dependent variable y and three predictor variables x1 x2.and x3. 

Two models were fit in order to check the usefulness of second-order terms in predicting y 

 

Model 1:  

 2 2 2

0 1 1 2 2 3 3 4 1 5 2 6 3 7 1 2 8 1 3 9 2 3y x x x x x x x x x x x x                      

Source of Variation Sum of Squares Degrees of freedom 

Regression 1741.123 9 

Error 46.21 9 

 

Model 2:  

0 1 1 2 2 3 3y x x x          

Source of Variation Sum of Squares Degrees of freedom 

Regression 1707.158 3 

Error 80.17 15 

 

i. Using model 2 only, test the hypothesis that  0 1 2 3: 0H      at α= 0.05       (3 Marks)                                         

ii. Based on the mallow’s Cp statistic, would you say that model 2 is a good model? Explain 

your answer.          (4 Marks) 

(c) Consider a model  with a factor of 3 levels  

ijiijy     

 Suppose we want to test the hypothesis that all the three populations are equal. Write down 

the hypothesis in terms of   0:0 CH  hence indicate the elements in C  and  (4 Marks)           

(d) Explain the process of conduction Analysis of covariance         (4 Marks)   

 



 

Question 2 (20 marks) 

(a) We model an individual’s income at age 30 against the number of years of formal education 

(with a linear model). The following results were obtained:    (4 marks) 
2

0 1

6, 4.67, ( ) 29.33

3.08, 3.04, 0.954

n x x x

s  

   

  


 

Find 95% prediction interval for E(y) when x=7 

 

(b) A researcher is interested in 3 independent variables; Murder, HS. Grad and Frost as 

predictors of Life.Exp. The output of analyzing the data is as follows. 

Call: 

lm(formula = Life.Exp ~ Murder + HS.Grad + Frost, data = statedata) 

 

Residuals: 

    Min      1Q  Median      3Q     Max  

-1.5015 -0.5391  0.1014  0.5921  1.2268  

Coefficients: 

             Estimate Std. Error  

(Intercept) 71.036379   0.983262   

Murder      -0.283065   0.036731   

HS.Grad      0.049949   0.015201    

Frost       -0.006912   0.002447  

--- 

i. Test the hypothesis that “Murder” is not  significant in predicting Life.Exp at alpha=0.05 

(5 marks) 

ii. Find 95% confidence interval for the estimate for Murder                 (3 marks) 

 

(c) Explain how backward elimination method is used in variable selection   (4 marks) 

(d) List indicators of presence of multicollinearity       (4 marks) 

 

Question 3 (20 marks) 

(a)  Consider an experiment with  Factor A at two levels and Factor B at three levels. Assume 

that two observations are to be made for each combination of the levels of A and B. Assume 

also that both factors A and B are random. Let yijk be the kth observation corresponding to 

the ith level of A and the jth level of B.  

(a) Write down the model for data yijk that includes interaction, and state all the 

assumptions.         (6 marks) 

(b) Write down the hypothesis for testing factor A, factor B and interaction (6 marks) 

(b) Test the interaction effect given the results in the table below at alpha = 0.05 (4 marks) 

Source of variation Degree of freedom Sum of squares 

A 1 205.4 

B 2 2426.4 

AXB (interaction) 2 108.3 



Residual 54 712.1 

 

 

 

 

Question 4 (20 marks) 

(a) Show that the Poisson  distribution belongs to the exponential family of distributions hence 

show that both the mean and variance are          (14 marks)    

 

(b) A dataset consists of a dependent variable y and 3 independent variables x1, x2, x3. Based 

on the  R output in appendix I, perform a stepwise selection to determine the best regression 

model for y. Give all the steps in detail.          (6 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix I    

      



 

                                        


