Problems                     Analysis of Variance Models as GLM’s

1.  An experiment was carried out to compare the cooking speeds of three types of 

     stove and three makes of pan. The time taken to bring a fixed quantity of water to

     the boil, from room temperature, was measured for each combination of stove and

     type of pan, and each result  recorded as the numbers of seconds in excess of three

     minutes. It was subsequently found that, for two of the results, the equipment had

     not been allowed to cool down to room temperature before the measurements were

     made, and so these results were discarded. The remaining results were as follows:

	Stove

 type
	   Make of  Pan

 1          2          3   

	   1

   2

   3
	18        12        24

  3          –        15

  6          3          – 


     The effects of type of stove and make of pan on cooking speed are assumed to be

     additive. State the statistical model for the experimental results, and test for

     differences between the effects of the three types of stove, and between the effects

     of the three makes of pan.

_____________________________________________________________________

2.  Consider an experiment to compare  t  treatments, where ni  responses are obtained

     for the  ith  treatment,  i = 1,…, t . The model for the observed responses is

           Yij = jth  response for  ith  treatment  = ( + (i + (ij  ,  i = 1,…, t  ,  j = 1,…,ni  ,   

     where  (  is a reference level, or ‘overall mean’,  (i  is the effect of the  ith 

     treatment, and the errors  (ij are independent N(0,(2) random variables. No

     constraint is placed on the parameters.

     Let  
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     be the vector of observed responses. Express the above model in the matrix form

     of the general linear model corresponding to this order for the observed responses.

     (i)  Show that the normal equations for fitting the model to the observations are, 
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 ,   where  
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          and find the particular solution of these equations corresponding to the 

          constraint  
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     (ii) Use the approach based on the general linear model to obtain, in traditional

           form, the analysis of variance table for testing the null hypothesis

           H0: (1 = (2 =… = (t  (the t treatments have the same effect) against 

           H1: the (i  are not all equal, showing that it is the same as that obtained by the

           ‘algebraic’ approach.                                                                                            
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