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In Activity B you collected data on the percentage cover of heather and bracken in two heathland study sites.  One of the sites had low levels of nitrogen deposition (Site 1) and the other site (Site 2) had high levels of nitrogen deposition.  You used the data to help work out whether the levels of nitrogen deposition affected the abundance of heather and bracken.  

Based on the data you collected in Activity B, what was the difference in the average percentage cover of bracken and heather on Sites 1 and 2?
Bracken:…………………





Heather: …………………
How do you know that this difference is real, or ‘significant’?  Could it be possible that the data you collected and the difference you observed occurred by chance alone?  For example, could it be possible that the quadrats you collected in Site 1 (low nitrogen deposition) just happened, by chance, to have high heather and low bracken cover, whereas the quadrats you collected in Site 2 (high nitrogen deposition) just happened, by chance, to have low heather and high bracken cover?

In this extension activity you are going to use a ‘test of significance’ to determine whether the differences between the two sites are truly significant or whether these differences could have occurred by chance.  The test we will use is called the Mann-Whitney U-Test.

Question 1: Is the difference in the percentage cover of heather between Sites 1 and 2 truly significant, or could it have occurred by chance?
	1a)
	The first step in any significance test is to set up the null hypothesis (H0) and the alternative hypothesis (H1).  Write these in the spaces below.  


H0……………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………..

H1………………………………………………………………………………………………………………

…………………………………………………………………………………………………......................

The next step in the Mann-Whitney U-Test is to combine all the data from both sites and rank the values from smallest to largest, with the smallest value receiving a rank of 1.  The table on the following page shows the percentage cover of heather in each of 10 quadrats in Sites 1 and 2, as estimated by a student.  The heather percentage cover values have been ranked from highest to lowest.  Where values are the same (for example, three quadrats had 0% heather cover), the rank values have been averaged (denoted by an ‘=’).  

	Site
	Quadrat
	% cover of heather
	Rank

	1
	1
	65
	18=

	1
	2
	40
	11

	1
	3
	65
	18=

	1
	4
	50
	14=

	1
	5
	60
	16

	1
	6
	50
	14=

	1
	7
	50
	14=

	1
	8
	65
	18=

	1
	9
	75
	20

	1
	10
	35
	9.5=

	2
	1
	0
	3=

	2
	2
	45
	12

	2
	3
	35
	9.5=

	2
	4
	10
	7=

	2
	5
	0
	3=

	2
	6
	0
	3=

	2
	7
	0
	3=

	2
	8
	10
	7=

	2
	9
	10
	7=

	2
	10
	0
	3=


	1b)
	For each site, add up the rank scores to give a total rank value for each site.  The total rank value for Site 1 is shown below.  Calculate the total rank value for Site 2


Total rank value for Site 1:


[image: image1.wmf]1

å

R

 = 18+11+18+14+16+14+14+18+20+9.5
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= 152.5

Total rank value for Site 2:
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	1c)
	Using the formulas shown below, calculate the value of U for each site.  Please show your working.  Indicate which value (U1 or U2) is the smallest by circling your answer.
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Where 
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is the sample size for Site 1, 
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is the sample size for Site 2, 
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 is the total rank value for Site 1, and 
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 is the total rank value for Site 2.
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	1d)
	Using the table below, find the critical value for the U statistic (remember that 
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n

and 
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n

refer to the sample sizes for Sites 1 and 2 respectively).  Write the critical value in the space below.



Ucrit = …………………..

Table 2 - Critical values for the Mann-Whitney U-Test at the 5% significance level.
	
	n2

	n1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	-
	-
	-
	-
	-
	-
	-
	0
	0
	0
	0
	1
	1
	1
	1

	3
	-
	-
	-
	-
	0
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5

	4
	-
	-
	-
	0
	1
	2
	3
	4
	4
	5
	6
	7
	8
	9
	10

	5
	-
	-
	0
	1
	2
	3
	5
	6
	7
	8
	9
	11
	12
	13
	14

	6
	-
	-
	1
	2
	3
	5
	6
	8
	10
	11
	13
	14
	16
	17
	19

	7
	-
	-
	1
	3
	5
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24

	8
	-
	0
	2
	4
	6
	8
	10
	13
	15
	17
	19
	22
	24
	26
	29

	9
	-
	0
	2
	4
	7
	10
	12
	15
	17
	21
	23
	26
	28
	31
	34

	10
	-
	0
	3
	5
	8
	11
	14
	17
	20
	23
	26
	29
	33
	36
	39

	11
	-
	0
	3
	6
	9
	13
	16
	19
	23
	26
	30
	33
	37
	40
	44

	12
	-
	1
	4
	7
	11
	14
	18
	22
	26
	29
	33
	37
	41
	45
	49

	13
	-
	1
	4
	8
	12
	16
	20
	24
	28
	33
	37
	41
	45
	50
	54

	14
	-
	1
	5
	9
	13
	17
	22
	26
	31
	36
	40
	45
	50
	55
	59

	15
	-
	1
	5
	10
	14
	19
	24
	29
	34
	39
	44
	49
	54
	59
	64


	1e)
	Compare the Ucrit value to the smallest value of U calculated in question 1c.  If the smallest value of U is less than or equal to the Ucrit value you can reject the null hypothesis and accept the alternative hypothesis, meaning that there is a less than 5% chance that the difference observed occurred by chance.  If the smallest value of U is greater than the Ucrit value you can accept the null hypothesis and reject the alternative hypothesis, meaning that there is no statistically significant difference in the percentage cover of heather on the two sites and that any observed differences have probably occurred by chance.
Using the values of U you calculated in question 1c and the Ucrit value you calculated in question 1d, explain whether or not there is a statistically significant difference in the percentage cover of heather between Sites 1 and 2.

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….


Question 2: Is the difference in the percentage cover of bracken between Sites 1 and 2 truly significant, or could it have occurred by chance?

	2a)
	The first step in any significance test is to set up the null hypothesis (H0) and the alternative hypothesis (H1).  Write these in the spaces below.  


H0……………………………………………………………………………………………………………….
…………………………………………………………………………………………………………………..
H1………………………………………………………………………………………………………………
…………………………………………………………………………………………………......................

	2b)
	Using the data you collected in Activity B, complete the table on the following page.  When ranking your data, remember to give the lowest value of bracken percentage cover a rank of 1, and the highest value a rank of 20.  Also remember to average the ranks when values are the same.    

	Site
	Quadrat
	% cover of heather
	Rank

	1
	1
	
	

	1
	2
	
	

	1
	3
	
	

	1
	4
	
	

	1
	5
	
	

	1
	6
	
	

	1
	7
	
	

	1
	8
	
	

	1
	9
	
	

	1
	10
	
	

	2
	1
	
	

	2
	2
	
	

	2
	3
	
	

	2
	4
	
	

	2
	5
	
	

	2
	6
	
	

	2
	7
	
	

	2
	8
	
	

	2
	9
	
	

	2
	10
	
	


	2c)
	For each site, add up the rank scores to give a total rank value for each site.  


Total rank value for Site 1:





Total rank value for Site 2:
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	2d)
	Using the formulas shown below, calculate the value of U for each site.  Please show your working.  Indicate which value (U1 or U2) is the smallest by circling your answer.
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Where 
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is the sample size for Site 1, 
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is the sample size for Site 2, 
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 is the total rank value for Site 1, and 
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 is the total rank value for Site 2.
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	2e)
	Using the table on page 4 of this worksheet, find the critical value for the U statistic (remember that 
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and 
[image: image25.wmf]2

n

refer to the sample sizes for Sites 1 and 2 respectively).  Write the critical value in the space below.




Ucrit = …………………..

	2f)
	Using the smallest value of U calculated in question 2d, and the Ucrit value calculated in question 2e, explain whether or not there is a statistically significant difference in the percentage cover of bracken between Sites 1 and 2.  Make sure you refer to the null and alternative hypothesis in your answer.  


	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….

	
	…………………………………………………………………………………………………………….


Investigating whether nitrogen deposition affects the abundance of heather and bracken in heathland


Extension Activity
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