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Sampling uncertainty:  
Between-group and between group variation 

 

To carry out evaluation of sampling uncertainty, we need to first of all 

understand the principles of the very basic statistical tool, analysis of 

variance (ANOVA).  

 

When we have only two groups (or samples) of data for consideration, 

it is quite obvious that the difference in the means, 
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reasonably good measure of the difference between the groups, but 

we must not at the same time overlook the importance of the natural 

variation (inherited random error) of data within the samples in order 

to investigate whether the observed value could just be due to chance. 

 

Where there are three or more groups, we will have several such 

pairwise differences, which, in a suitable way, should be put together 

for statistical analysis.  Actually it turns out to be important for us to 

distinguish between two important types of variation: between-group 

variation and within-group variation. In our study of sampling 

uncertainty, we refer the group to be the sample drawn from the 

population.  

 

Between-group variation refers to the differences between the 

groups; for example in sampling, we are talking about the deviation 

between different samples drawn from different locations of a 

consignment. In analytical chemistry, we may be comparing the 

analytical competence of the laboratory analysts, or checking the 

performance between an analytical reference method and your newly 

developed method.  In here, we are looking at the differences 

between the group means and the total mean. 

 

Within-group variation refers to the variation in each of the groups; 

that is, in the context of laboratory analysis, the repeated test results 

of each group obtained. 

 

Generally we can expect a larger between-group variation than within-

group variation.  A large between-group variation is an indication of 
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differences between the group means, but if the within-group 

variation is also large, then we may conclude that the observed 

differences may be due to random variation.  In other words, with a 

large within-group variation, we could get quite different results if we 

repeated the experiment. Hence, we have to take both types of 

variation into account. The statistical F-test for the ratio of between-

sample variance and within-sample variance is a good tool to tell if 

these two variances are significantly different.   

 

Indeed, it is this distinction between different sources of variation that 

has given analysis of variance (ANOVA) its name.  

 

In designing a sampling plan to draw completely randomized samples 

for experiment, we have just to consider one between-sample factor 

under a single condition. Therefore we can adopt a one-way ANOVA 

method for use with data from this type of sampling cum experiment.  

 

In evaluating a sampling uncertainty, we can draw duplicated samples 

at a specific location and repeat the testing several times. This 

repeated measures design is a special case of the randomized blocks 

design, a block being a set of experimental data that are linked in 

some way; for example, the duplicated samples are drawn very close 

to one another.  

 

Hence, if we were to decide to draw 8 pairs of random samples from 

randomly selected spots of a consignment of goods, and subject each 

sample for duplicate analyses, we would end up with 8 locations x 2 

samples x 2 repeated testing or 32 experimental data for statistical 

analysis.  

 

It is worth noting that by simply collecting a number of samples for 

single analysis, the standard error of means, s/√n in the Central Limit 

Theorem cannot be taken as the standard uncertainty of sampling 

because the within-sample variation has not been taken into 

consideration.  This standard error of means just tells us the 

confidence interval of the sampling after multiplying a factor z of the 

normal distribution or t of the Student’s t-distribution.  

 

 


