Introduction                                                                                              
                   General Linear Model
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The extra sum of squares for the parameters  (x = [(1   (2 … (p–1](  (the coefficients of the covariates), having fitted the constant  (0 , is then 

                        SS((x | (0) = SS(() – SS((0) = 
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and we have the analysis of variance:

	Source of Variation
	                   SS
	 DF

	Due to the constant  (0 
	 SS((0) = 
[image: image3.wmf]2

Y

n


	  1

	Due to (x having fitted (0  
	 SS((x | (0) =
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	p – 1 

	Residual having fitted  (
	 SSR =
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	n – p

	Total (uncorrected)
	                Y(Y
	  n


As the constant term in the model is not of direct interest, the row of the above table corresponding to the constant is often removed, and the sum of squares and degrees of freedom for the constant subtracted from those for the total to compensate. The total degrees of freedom is then  n – 1  , and the total sum of squares becomes
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,  which is the corrected total sum of squares of the observations.

This is the traditional form of the analysis of variance table, which shows a breakdown of the corrected total sum of squares. Since, with this form of the table, it is understood that a sum of squares for fitting a constant has already been removed, the extra sum of squares for  (x  having fitted  (0  is simply called the sum of squares for  (x . The traditional analysis of variance table is thus:

	Source of Variation
	                    SS
	 DF

	Due to  (x 
	  SS((x | (0) = 
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	Residual
	  SSR = 
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	n – p 

	Total (corrected)
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[Note. Alternative Formulae.

 The sums of squares in the above table are also given by alternative formulae, which

 do not involve the estimator  
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  of the constant term, obtained as follows.

 As  x0i = 1  for  i = 1,…, n ,  it follows from the first of the normal equations for 

 fitting the model (given on page 6, corresponding to  j = 0) that

                             
[image: image11.wmf]1

1

1

1

0

ˆ

...

ˆ

ˆ

-

-

-

-

-

=

p

p

x

x

Y

b

b

b

 ,

 where  
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x

  denotes the mean of the  n  values of covariate  xi ,  i = 1,…, p – 1  .

 Substituting for  
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  in the formulae for the sums of squares in the above table, we obtain (after some algebra) the alternative formulae
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where   
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Whatever the form of the table, to test the hypothesis 

                               H0: (x = 0     against     H1: (x ( 0 ,

we take the usual test statistic  
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We shall not generally use the traditional form of the analysis of variance in subsequent work. However, just for illustration, we give the traditional form of the analysis of variance for testing, for the situation in Example 5, whether or not skein strength depends on the set of covariates  x1 , x2 , x3 ,  i.e. for testing the null hypothesis

           H0: (1 = (2 = (3 = 0       against       H1: (1 , (2 , (3  are not all 0 .  

From Example 5, the sum of squares for all the parameters  ( = [(0  (1  (2  (3]( =     [(0   (x](  is  
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The sum of squares for fitting just the constant term  (0  is
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Hence, the sum of squares for the parameters  (x  (i.e. the extra sum of squares for  (x  having fitted the constant term  (0) is

              SS((x | (0) = SS(() – SS((0) = 167912.25 – 166080.06 = 1832.19 .

The corrected total sum of squares is 
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= 168565 – 166080.06 = 2484.94 .

Thus, we have the analysis of variance (in traditional form)

	Source of Variation
	    SS
	DF
	  MS
	F

	Due to parameters  (x   ( or,  

due to regression on x1 , x2 , x3 )
	1832.19


	 3


	610.73


	13.09



	Residual
	  652.75
	14
	  46.63
	   – 

	Total (corrected)
	2484.94
	17
	    –
	   –


(The residual sum of squares and its d.f. are obtained by subtraction.)

For comparison, the ‘non-traditional’ form of the analysis of variance table is

	Source of Variation
	       SS
	DF
	  MS
	  F

	Due to the constant  (0 
	166080.06
	  1
	    –
	   – 

	Due to  (x  having fitted  (0 
	    1832.19
	  3
	610.73
	13.09

	Residual having fitted  (
	      652.75
	14
	  46.63
	   –

	Total (uncorrected)
	168565.00
	18
	    –
	   –


Using either form of the analysis of variance, to test the above null hypothesis

H0  against  H1 , we take as test statistic  
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  under  H0 , and the observed value of  F  is significant at above the 0.1% level  (F3, 14; 0.001 = 9.729).

There is very strong evidence that at least one of the parameters  (1 , (2 , (3  differs from zero, and hence that skein strength depends on the three covariates collectively.

[Remark. This conclusion is to be expected since, in Example 5, we found strong

 evidence that skein strength depended on two of the three covariates collectively.]
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