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Analysis of Variance
Penicillin is produced by the Penicillium fungus, which is grown in a broth whose 
sugar content must be carefully controlled. Several samples of broth were taken on 
three successive days, and the amount of dissolved sugars, in milligrams per milliliter, 
was measured on each sample. The results were as follows. Can we conclude that the 
mean sugar concentration differs among the three days?
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    •  Normality – that each sample is taken from a normally 
                distributed population.

    •  Sample independence – that each sample has been drawn 
                independently of the other samples.

    •  Variance equality – that the variance of data in the different 
                groups should be the same.
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Analysis of Variance

Welch’s ANOVA compares two means to see if they are equal. 
It is an alternative to the Classic ANOVA (Fisher) and can be 
used even if your data violates the assumption of 
homogeneity of variances.

You should run Welch’s test in all cases where you have 
normally distributed data that violates the assumption of 
homogeneity of variance. ANOVA (and the non-parametric 
alternative Kruskal-Wallis) are very unstable for these 
situations, producing Type I error rates that are:

    Conservative for large sample sizes and
    Inflated for small sample size.
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Two-way Analysis of Variance

Two-way	analysis	of	variance	involves	two	
factors,	such	as	vehicle	size	(small,	midsize,	
large	SUV)	and	femur	side	(le>,	right)	as	shown	
in	the	table.	The	two-way	analysis	of	variance	
procedure	requires	that	we	test	for	(1)	an	
interacDon	effect	between	the	two	factors;	(2)	
an	effect	from	the	row	factor;	(3)	an	effect	
from	the	column	factor.
	•		There	does	not	appear	to	be	an	interac1on	effect.

	•		The	car	crash	force	measurements	do	not	appear	to	be		
					affected	by	whether	the	femur	is	in	the	le:	leg	or	right	leg.

	•		The	femur	crash	force	measurements	do	not	appear	to	be	
					affected	by	the	size	of	the	vehicle.


