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‘Understanding Standard Deviation’
Mathematical goals
For students to:

· Understand the limitations of range as a measure of spread and variation and to appreciate the need for a method which more appropriately measures this. 
· Deduce a method for measuring the variation in a small set of values known as the variance or standard deviation
· Generalise their numerical approach algebraically in order to generate the standard formulae and have an opportunity to practice its use.
Starting points  
Students will need to be reasonably adept at working with the mean, median and mode of small data sets. Knowledge of the use of the subscript ‘i’, (as, for example, with the notation for terms of a sequence, ui) would be helpful. Previous exposure to the ‘capital sigma’ sign as a notation for summation would also be of benefit, but is not essential.  
Resources required
(For starter activity) Mini-whiteboard and pen, one per student.

(For main activity) Pre-prepared resource sheets ‘Five numbers with…..’ and answer cards – the latter can either be cut up in advance or not, as desired. Both should be enlarged to A3 size. Glue sticks and scientific calculators – sufficient for at least one of each per pair.


Extension & review materials:

None additional.

Time needed

60 minutes

Suggested approach
Begin the lesson with students working individually (or, alternatively, in pairs) on mini-whiteboards answering a series of lively, quick fire questions, such as: 

· What is the mean of …..range of….  median of…

· give me 4 numbers with a mean of 10, of 0, or -2

· give me three numbers with a mean of 6 and a range of 10

· ….four numbers that have the same mean and median. What do you notice?

· ….four numbers with a mean of 4 and a range of 4

· ….four numbers with a mean of 0 and a range of 20….. and so on.

Devote around 5 minutes to this activity, taking brief feedback on issues or observations that arise.

The main part of the lesson begins with an initial activity as indicated on the ‘cards sheet’ - ideally, the students are best working in pairs throughout. In the initial task, students place the first set of 12 cards (six of which are blank) in the first six columns of the answer table, leaving the final column empty. They should use only the first two rows of the table and stick the blank cards, which pupils must complete with suitable sets of numbers, in the first row. They should stick the printed (i.e. second) row in initially as, if students don’t have time to finish the first row, they will at least have the second-row pieces in place for the next part of the activity. Allow 15 minutes at most for this. Check answers at end and clarify any issues that arise. 


Next, point out that the data sets in the fourth, fifth and sixth columns each have the same mean and range, but actually look very different. From this we might infer that the mean and range on their own do not describe a data set fully enough. Nevertheless, how would the students describe the differences between the data sets? Tease out from the students the need for a measure of variation that takes account of all values in the data set. Ask the students to rank the data sets in order of what they feel is least to greatest variation (whatever that means to them at the moment) – they can then check their estimates later. Allow no more than 10 minutes for this part of the activity.

Now give students (or ask them to cut out) the second set of 18 cards. These go in the rows below those already completed, but in the fourth, fifth and sixth columns only. Note that the order of the cards in each column is important – they should start with the three x (bar)=10 cards, one in each column, and end with the three ‘s=’ cards. Allow around 10-15 minutes for students to complete this process. Check the students’ estimates of most and least variable data sets earlier – were they correct?

In the final part of the activity (which can, if desired or time dictates, be the plenary) – pupils must place the algebraic cards in the seventh (blank header) column, in rows 3 to 8, level with the corresponding numerical calculation cards in the other three columns. The idea here is that the students are generalising the steps they have just done numerically and consequently deriving the formula for standard deviation for themselves. Allow between 5 and10 minutes for this and take feedback, clarifying notation.

Reviewing learning
Assuming that the generalisation activity has not been used to review the learning in the plenary, students can now be asked to repeat the steps they have learnt using the values in the first three columns of the table, which they can enter in the blank spaces if they wish. They should also annotate the steps involved in the calculation. 
Extending learning
Link the formula derived in this lesson to the alternative form for calculating standard deviation. Alternatively, ask students to apply the method to a set of values in a simple frequency table. How does this approach generalise? 
	A mean of 8
	A mean of 8 and a range of 3
	A mean of 8 and all the numbers are different
	A mean of 10 and a range of 5
	A mean of 10, a range of 5 and four of the numbers are the same
	A mean of 10, a range of 5 and all the numbers are different
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Initial activity requires the 6 blank cards in the first row plus the 6 cards in the second row.
	
	
	
	
	
	

	
	9, 9, 14, 9, 9
	10, 7, 8, 8, 7
	13, 8, 11, 9, 9
	6, 7, 7, 8, 12
	11, 9, 12.5, 7.5, 10
	7, 9, 8.5, 9.5, 6

	The main activity requires the 18 cards in these three rows – students should place the cards only in cols 4, 5 and 6 of answer sheet
	16
	s=1.79
	3, 1, -2, -1, -1
	4
	14.5
	1, 1, 6.25, 6.25, 0

	
	2.9
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	20
	s=1.70
	-1, -1, 4, -1, -1
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	9, 1, 4, 1, 1
	s=2
	1, 1, 16, 1, 1
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	3.2
	1, -1, 2.5, -2.5, 0

	Finally, the cards in this row should be used in the final column of the table
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ACTIVITY CARDS SHEET

This sheet contains all the cards which should be cut-out and placed on the student answer sheet. Enlarge both by same factor and these cards should fit into the spaces on the answer sheet! The cards are in no particular order on this sheet and can – if desired – simply be copied and given to the students to cut out!

FIVE NUMBERS WITH……..








_1243789435.unknown

_1243790130.unknown

_1243790262.unknown

_1243790380.unknown

_1243790069.unknown

_1243790095.unknown

_1243789913.unknown

_1243789378.unknown

