Standard deviation is the measure of the spread of a series from its mean value.  It indicates the differences and variability which a set of numbers have.  Standard deviation is mathematically the square root of variance which is defined as the mean of the square of the differences between the elements and their mean:
Suppose that you are in some course and have just received your grade on an exam. It is natural to ask how the rest of the class did on the exam so that you can put your grade in some context. Knowing the mean or median tells you the "center" or "middle" of the grades, but it would also be helpful to know some measure of the spread or variation in the grades. 

Lets look at a small example. Suppose three classes of 5 students each write the same exam and the grades are: 

	Class 1
	Class 2
	Class 3

	82
	82
	67

	78
	82
	66

	70
	82
	66

	58
	42
	66

	42
	42
	65


Each of these classes has a mean (average) of 66 and yet there is great difference in the variation of the grades in each class. One measure of the variation is the range, which is the difference between the highest and lowest grades. In this example the range for the first two classes is 82 - 42 = 40 while the range for the third class is 67 - 65 = 2. The range is not a very good measure of variation here as classes 1 and 2 have the same range yet their variation seems to be quite different. One way to see this variation is to notice that in class 3 all the grades are very close to the mean, in class 1 some of the grades are close to the mean and some are far away and in class 2 all of the grades are a long way from the mean. It is this concept that leads to the definition of the standard deviation. 
The steps to calculate the standard deviation are:
1. Calculate the mean of the series.
2. Calculate the differences between the elements and the mean: [image: image1.jpg]n; -mean
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for all elements.
3. Calculate the squares of the differences.
4. Calculate the mean of the squares by adding all the squares and dividing by the number of elements.
5. Calculate the square root of the the mean. This is the standard deviation.

Example: Calculate the standard deviation of the series {1,3,12,5,9}.
Solution: The standard deviation can be calculated as follows:
1. Mean of the series = (1+3+12+5+9)/5 = 30/5 = 6
2. The differences between the individual elements and mean would be: {1-6, 3-6, 12-6, 5-6, 9-6} = {-5,-3,6,-1,3}
3. The squares of the differences would be {25,9,36,1,9}.
4. The mean of the squares would be (25+9+36+1+9)/5 = 80/5 = 16
5. The square root of the mean of squares would be [image: image2.jpg]


= 4 
Thus the standard deviation would be 4. 

For class 1 this gives [image: image3.png]TE-E) s,
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	Class 1 Test scores
	Difference From Test Score to Mean
	(Difference From Test Score to Mean)2
	Sum of squared differences
	Mean of squared differences
	Standard Deviation

	82
	16
	 (16)2 = 256
	256 + 144 + 16+ 64 + 576 = 1056
	Mean of squares = 1056

     4

        = 264
	Sd = √264

       = 16.2

	78
	12
	144
	
	
	

	70
	4
	16
	
	
	

	58
	-8
	64
	
	
	


A similar calculation gives a standard deviation of 21.9 for class 2 and 0.7 for class 3. So for class 3, where the grades are all close to the mean, the standard deviation is quite small, for class 1, where the grades are spread out between 42 and 82, the standard deviation is considerably larger and for class 2, where all the grades are far from the mean, the standard deviation is larger still. The standard deviation is the quantity most commonly used by statisticians to measure the variation in a data set. 
