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This paper has got questions for 60 marks. Answer as many questions as 

possible, but the maximum you can score is 50. 
 

1. 
a) It is known that a sample consisting of the values 12, 11.2, 13.5, 12.3, 
13.8 and 11.9 comes from a population with the density function 
 

𝑓(𝑥,𝜃) = {
𝜃

𝑥𝜃+1
, 𝑥 > 1

   0  , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 
Where 𝜃 > 0. Find the maximum likelihood estimate of 𝜃. 
 
b) Explain what is meant by “95% confidence interval of shop floor 
rejection percentage is 5%  ± 1.5%.”                                                   [6+4 = 10]        
 
2. In a shop study, a set of data was collected to determine whether or not 
the proportion of defectives produced was the same for workers on the 
day, evening and night shifts.  The data collected are shown below: 
 

Shift Day Evening Night 
Defectives 45 55 70 

Non Defectives 905 890 870 
         
Use α = 0.05 to determine if the proportion of defects is the same for all 
three shifts.                                                                                                                [10] 
 
3. In a simple linear regression model,  
 
𝑦𝑖 =  𝛼 +  𝛽𝑥𝑖 + 𝜖𝑖 , where 𝜖𝑖  ~ 𝑁 (𝑜,𝜎2) 𝑖 =  1, 2, … ,𝑛 
 
Show that  

a) 𝐸�𝛽̂� =  𝛽 

b) 𝑉 �𝛽̂� =  𝜎2

∑ (𝑥𝑖− 𝑥̅)2𝑛
𝑖=1

                                                                             [4+6 = 10] 

 



4. In one way ANOVA, for fixed effect model,  
 

𝑦𝑖𝑗 =  𝜇 + 𝛼𝑖 + ∈𝑖𝑗  , 𝑖 = 1, 2, … ,𝑎
𝑗 = 1, 2, … ,𝑛 

 
Show that, 𝐸(𝑀𝑆𝐴) =  𝜎2 + 𝑛 ∑ 𝛼𝑖   2𝑛

𝑖=1
𝑎−1

 
   
(All terms having usual meaning)                                                                         [10] 
 
5. A study of the amount of rainfall and the quantity of air pollution 
removed produced the following data: 
 
Daily Rainfall 
𝑥 (0.01cm) 

4.3 4.5 5.9 5.6 6.1 5.2 3.8 2.1 7.5 

Particulate 
Removed 
𝑦 (𝜇𝑔/𝑚3)  

126 121 116 118 114 118 132 141 108 

 
a) Find the equation of the regression line to predict the particulate 

removed from the amount of daily rainfall. 
b) Estimate the amount of particulate removed when the daily rainfall is 

𝑥 = 4.8 𝑢𝑛𝑖𝑡𝑠. 
c) Find the mean square error for estimating error variance. 
d) Find the correlation coefficient between 𝑥 and𝑦.           [4+1+3+2 = 10] 

6. The following data represent the number of hours that two different 
types of scientific pocket calculators operate before a recharge is required. 
 
Calculator A 5.5 5.6 6.3 4.6 5.3 5.0 6.2 5.8 5.1 
Calculator B 3.8 4.8 4.3 4.2 4.0 4.9 4.5 5.2 4.5 
 
Use Wilkoxon Rank Sum Test with 𝛼 = 0.01 to determine if Calculator A 
operates longer than Calculator B on a full battery charge.                          [10] 


