
Meru University of Science & Technology is ISO 9001:2015 Certified 

                                                                    Foundation of Innovations Page 1 

 

 

 

MERU UNIVERSITY OF SCIENCE AND TECHNOLOGY 
P.O. Box 972-60200 – Meru-Kenya. 

Tel: 020-2069349, 061-2309217. 064-30320 Cell phone: +254 712524293, +254 789151411 
Fax: 064-30321 

Website: www.must.ac.ke  Email: info@must.ac.ke 
 

University Examinations 2016/2017  

FOURTH YEAR SECOND SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR 
OF SCIENCE IN STATISTICS 

STA 2408: REGRESSION MODELLING II   

 DATE: JUNE 2017                                        TIME: 2 HOURS 

INSTRUCTIONS: Answer question one and any other two questions  
      
   
QUESTION ONE (30 MARKS) 

a) A brand manager for a new food product collected data on � =brand recognition (percent of 

potential consumers who can describe what the product is), 1x = length in seconds of an 

introductory TV commercial, and =2x  number of repetitions of the commercial over a two week 

period.  What does the brand manager assume if a first order model 

21 41.1042.031.0ˆ xxy ++=  is used to predict �?       (5 Marks) 

b)  A research professor in a leading department of education is studying three different methods of 

teaching English, as a second language.  After three months in the program, the participant take 

an exam and let y be the score on the exam.  The following model was used to assess the 

efficiencies of the three methods εβββ +++= 22110 XXy where 
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(i) Interpret the sβ in the above model in terms of mean scores for each of the three methods. 
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(ii)  Express the difference in mean scores for method 1 and 2 in terms of the sβ in the above 

model.           (6 Marks) 

c) The following represent a partial computer out-put resulting from fitting the model 

εβββ +++= 22110 XXy  

Where y = weight loss (in pounds) of a chemical compound, 

    1x = amount of time the compound is exposed to air, 

   2x = humidity of environment during exposure 

1x and 2x are uncorrelated, 

Source  SS 

1X   26.00 

2X   5.12 

Total S.S=32.47, d.f.=11. 

Source   β̂ values   s.e. )ˆ(β  

Intercept  5.51   0.11 

 1X    1.32   0.10 

2X    -8.00   1.37 

(i) At 01.0=α level, would you conclude that humidity and exposure time are useful in 

predicting weight loss?        (5 Marks) 

(ii)  Obtain a 95% lower bound to the change in the expected weight loss per unit change in 

exposure time.          (3 Marks) 

d)  

(i) Let � be a random variable having p.d.f. ),,( θyf where θ is an unknown parameter.  

When is ),( θyf said to belong to the exponential family of densities?  (2 Marks) 

(ii)  When is a distribion that belongs to the exponential family of densities said to be in 

canonical form?         (1 Mark) 

e) A state fisheries commission wants to estimate the number of bass caught in a given lake in order 

to restock the lake with the appropriate number of young fish.  The commission samples � = 20 

lakes and records �, the seasonal catch (thousands of bass per 2km of lake area); 2x the size of the 
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lake in 2km ; 13 =x  if the lake has public access,0 if not; and ,4x a structure index.  Two 

regression models (with all four predictors entered linearly) are fitted to the data, the first model 

with all four variables and the second model without access and structure. The computer output is 

as follows: 

 Full model 

  Predictor Coefficient 

  Constant  -2.7840 

  Residence  0.0268 

  Size  0.5035 

  Access  0.7429 

  Structure  0.0511 

 S.S.  Regression =24.0624 

 S.S.  Residual = 2.2756 

 

 Reduced model 

   Predictor  Coefficient  

   Constant  -0.8710 

   Residence  0.0394 

   Size   0.8280 

 S.S.  Regression =2.913 

 S.S.  Residual = 23.425 

 

(i) Write the complete and reduced models.       (3 Marks) 

(ii)  Write the null hypothesis for testing that the omitted variables have no  (incremental) 

predictive value.          (1 Mark) 

(iii) Perform an F test for this null hypothesis at 1% level of significance.   (4 Marks) 
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QUESTION TWO (20 MARKS)   

Suppose that in a given experimental situation the results of the experiment were as below: 

 

1X  -2 -2 2 2 

2X  5 -5 5 -5 

Y 25 19 33 23 

 

a)   

(i) Obtain Y and X.         (2 Marks) 

(ii)  Obtain the least-squares estimates for the prediction equation. 

22110
ˆˆˆˆ XXy βββ ++=         (5 Marks) 

b) Compute S.S. (Residual).         (3 Marks) 

c) Calculate SS (Regression) and SS(Total).       (4 Marks) 

d) Calculate the estimated standard error of 10 ,ββ and 2β .     (4 Marks) 

e) Give the 95% confidence interval for 1β .       (2 Marks) 

QUESTION THREE (20 MARKS) 

a) State clearly what is meant by the forward model selection technique outlining the four steps 

involved in this technique.          (9 Marks) 

b) Three predictor variables 21, XX and 3X   are used to explain a response variable Y.  Various 

models are used and their regression sum of squares (SSR) were as given below; 

    Variable(s) in model SSR  Variable(s) in model SSR 

 1X    376.14  31, XX    377.13 

 2X    386.00  32 , XX   394.12 

 3X    331.56  321 ,, XXX   394.26 

 21, XX   387.35 
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Given that SST=402.4 and n=10, select the best fitting model using forward selection technique.  

            (11 Marks) 

QUESTION FOUR (20 MARKS) 

a) State the three components of a generalized linear model.     (5 Marks) 

b) Twenty five (25) individuals in a certain firm were given a complex computer programming task 

to complete in a specified time.  Those who completed the task successfully were assigned a value 

1 and those who did not a value 0. 

It is claimed that experience (in months) of an individual may have an effect on the ability to 

complete the task.  To find out this a logistic model is fitted to the data of these individuals and 

the results were; 

        estimate      s.e. (estimate) 

Intercept      -3.0597 

Experience  0.1615     0.065  

(i) Interpret the parameter estimate.         (6 Marks) 

(ii)  Compute the p-value for the predictor.  Based on the p-value, is experience a significant 

predictor?           (5 Marks) 

(iii)Estimate the probability of an individual completing the task if he has 25 month experience.  

            (4 Marks) 

QUESTION FIVE (20 MARKS) 

Suppose the random variable ,, 21 XX and 3X have the covariance matrix. 
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and that the eigenvalues for this matrix are .17.0,2,83.5 321 === λλλ  

a) Obtain the eigenvectors of unit length 21,ee  and 3e corresponding to the given eigenvalues.  

           (9 Marks) 

b) Obtain the principal components 21,YY and 3Y .       (3 Marks) 

c) Obtain Var )( 1Y and consequently conclude what Var)( 2Y and Var )( 3Y are.  (3 Marks) 
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d) Obtain Cov ( )21,YY          (3 Marks) 

e) What proportion of total variance in the population is accounted for by the first two principal 

components?  Comment on your answer.       (2 Marks) 

 


