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Determination of the Total Standard Deviation of a Process Having Multiple 

Sources of Variability 
 
 
Many processes have multiple sources of variability that need to be taken into account 
by one number or index. Consider the common example of a series of laboratories 
where a test is run using one test instrument. In this case, two sources of variability are 
present, 1) sample to sample differences obtained within a given laboratory and 2) 
differences between the laboratories themselves. 
 
This situation may be pictured as follows: 
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uns it’s tests, differences between individual samples will be observed. 
due to natural variation. When all the data is collected, one will note that 
rences between labs. which can be attributed to the same natural 
pt that a certain amount of it is partitioned off for each of the labs 

 can say that the labs. make a unique, individual, contribution to the total 
 is independent of the variability contributed by the individual samples 
. 

ss this idea algebraically in the following way. 

he total standard deviation; a composite measure of variability. 

The standard deviation associated with differences between individual 
samples within a lab. This is also the pooled standard deviation. 
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SL = The standard deviation associated with differences between laboratories 
         after SS has been removed.  (Calculation not shown here). 
 
n = The number of samples tested per lab. 

 
Then: 
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This principle of multiple sources can be extended beyond two by adding more layers of  
variability sources (such as plant, raw material supplier, etc.). 
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