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In order to illustrate the calculation simply, Table 14.3 gives a small data set for the incentive scheme 

problem already examined. In this case there are only five data points for each group – this will help us 

do the calculations by hand. 

Just to recap, if you do not know what the ‘grand mean’ is, it is simply the mean of the entire data set, 

whereas the individual group means x  refer to (of course) the individual groups. It is the same principle 

for the grand variance and grand standard deviation. 

Calculating the Three Sums of Squares: SS
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In order to get to the F-ratio, we need first to do some preliminary calculations to get the numbers to 

create the ratio. These numbers are referred to as the total sum of squares, the model sum of squares, and 

the residual sum of squares. Below is an explanation of each one and the simple calculations required to 

get each one. Of course, in reality, you would normally use a computer package to do the heavy lifting, 

but here you are going to do it by hand to illustrate the points.

The total sum of squares (which from now on will be referred to as SST) is a way of measuring the total 

amount of variation in our data set. It is calculated by taking the difference between each data point and 

the grand mean, squaring each difference and then summing:

ΣSST grand= ( )x xi –
2

It is relatively easy to calculate SST this way, but, you know, those summing operations can be a hassle – 

especially if you have loads of data. Fortunately, a simpler way of calculating SST relies on the fact that the 

variance and the sum of squares are related. In fact, s2 = SS(N − 1) where N is the number of observations. 

Rearranging this formula by multiplying both sides by (N − 1) gives us s2(N − 1) = SS, which of course is 

exactly the same as SS = s2(N − 1). This means we can calculate SST using the grand variance of our data 

set, and by counting the number of observations N, which is 15. Let’s do so:

SST grand= ( )s n2 1–

	 = 3352.9 (15-1)

	 = 3352.9 × 4

	 = 46940.6

Table 14.3  Example sales incentive data

100% Commission 100% Salary Mixed

124 105 162

155 93 109

243 126 280

101 99 140

85 115 70

x– 141.6 107.6 152.2

s 62.5 13.1 79.4

s2 3905.8 171.8 6300.2

Grand mean = 133.8 Grand SD = 57.9 Grand variance = 3352.9
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