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A lot of biological data follows a Normal Distribution which has the characteristic bell shaped 
curve above. Typically heights and masses of different species will follow a distribution like this, 
although one has to be careful to ensure that other variables such as age and gender are taken 
into account, so we might consider the heights of women aged 40 to 45 for example. Another 
example might be the widths of leaves of a particular species of tree.  

The normal distribution has a number of interesting properties including: 

 It is symmetrical about the mean 

 The mean, mode and mean are all the same 
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Usually it would be impossible to access a complete population, so most scientists would take a 
sample of data and try to use that to decide whether it is reasonable to assume that the population 
as a whole follows this distribution. Establishing the distribution of the population allows lots of 
other conclusions to be drawn from the data and predictions to be made, often with relatively small 
amounts of data.  

 

There are some quite sophisticated ways of testing data to see how well it fits this shape or 
distribution but there are also more simple checks that can be performed initially to get a general 
idea before more advanced work is undertaken. This check uses some of the remarkable 
properties of the normal curve and involves calculating the mean of the data and how spread out 
the data is from the mean, which can be measured using the standard deviation. 

 

 

Different data sets may give rise to different normal distributions: 

 

In this example the means are different and the data is spread out differently about the mean. In 
the case of the right hand curve the data is much more widely spread out about the mean of 10.3, 
which is in the middle of the distribution. 

In order to more specific about the amount of ‘spread’ we need to have a quantity which measures 
it, just like we have the mean that measures the central point or ‘location’ of the data. 

 

At GSCE you will have worked out the range and interquartile range of the data and have used 
these to say how spread out the data is. These are quite useful measures of spread but they only 
use some of the data items, not all of them and we tend use these with the median.  

 

A better measure of spread, which like the mean, uses every data item is the standard deviation. 

This is given by the formula:  

𝑠2 =  
∑(𝑥 − 𝑥̅)2

𝑛 − 1
 



 

 

 

 

Where 𝑥̅ is the mean of the data and 𝑛  the number of data items. The standard deviation is 𝑠 and 

𝑠2 is called the variance.  

There are different versions of this formula so it may appear slightly differently in some text books. 

 

It is probably best to look at some data to see how we calculate this. The data below has been 
collected from a sample of 100 Houseflies and gives their wing lengths in mm: 

 

Length(mm) 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 

Frequency 1 1 2 3 4 6 7 8 10 10 11 9 8 7 6 3 2 1 0 1 

 

Using a spreadsheet we can calculate that ∑ 𝑥 = 4521 and so 𝑥̅ = 45.21 

Again using a spreadsheet we can then work out that ∑(𝑥 − 𝑥̅)2
  = 1398.59 

 

 

 

 



 

 

 

Hence 𝑠 =  √
1398.59

99
  = 3.76 

Here we have calculated 𝑥̅  the mean of the sample and 𝑠 the standard deviation of the sample. 
We don’t actually know the mean 𝜇 and standard deviation 𝜎 of the population from which this data 

is drawn but we use 𝑥̅  and 𝑠 as best estimates of 𝜇 and 𝜎 respectively. These are known as 
unbiased estimators.  

 

So are the fly lengths normally distributed? 

We could firstly plot the lengths and look at the shape of the resulting graph: 

 

 

This looks a good fit to a normal curve. 

There are other properties of a normal distribution that we could use: 

 68% of the data lies within one standard deviation of the mean 

 95% of the data lies within two standard deviations of the mean 

 99.7% of the data lie within three standard deviations of the mean 

 

 
 

In theory the curve extends infinitely in both directions, but the chance of finding data items outside 

the 3 standard deviation mark is very small. 



 

 

 

 

So let’s use the standard deviation to check some of these properties: 

Number of data items within 1 S.D. of the mean: 

 

𝑥 ̅ ± 𝑠 gives 45.21 - 3.76, 45.21 + 3.76) as an interval which is (41.45,48.97) 

 

There are roughly 66 data items in this interval. 

Here we have taken half the items in the 41mm class together with 42mm to 48mm.  

There is a slight discrepancy here as the lengths have been measured to the nearest mm and the 

normal distribution is continuous. Nevertheless 66% is very close. 

 

Number of items with 2 S.D. of the mean: 

 

𝑥 ̅ ± 2 𝑠 gives (45.21 – 7.52, 45.21 + 7.52) which is (37.69,52.73)  

 

There are roughly 96 items in this in interval which agrees with the expected 95% very closely. 

 

You could also check 3 S.D. if you wanted but is probably clear that the interval would contain all 

the data. 

 

So we can conclude from the shape and approximate symmetry of the graph, the fact that it has 

one peak (or mode) and from the proportions lying with 1, 2 and 3 S.D of the mean that it follows a 

normal distribution.  
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