Mann Whitney U test
Mann Whitney U test is one of the most powerful NPAR tests for two independent samples. This is an alternative to parametric t-test and is especially useful when the assumptions regarding t-test is infeasible.

Case I
Small sample case (when n1 & n2  8 or when n2 > n1 & 9   n2  20)

Layout
Consider two independent random samples of size n1 and n2 from two populations F(x) and G(y) respectively.
Sample observations
X: x1, x2, …, xn1
Y: y1, y2, …., yn2

Assumptions
a. Both samples are random samples from their respective populations.
b. The observations are independent within samples and mutually independent between samples.
c. The measurement scale is at least ordinal.

Mechanism
a. Combine n = n1 + n2 observations from both groups and assign ranks to these observations in order of magnitude and direction, if any i.e. assign rank 1 to smallest and a rank 2 to second smallest and so on.
b. If two or more observations are identical then a tie is said to have occurred and the tied observations are assigned the average of their ranks.
c. Find sum of the ranks.
Let R1 = sum of the ranks of x series (of first sample)
      R2 = sum of the ranks of y series (of second sample)
d. Compute the values given by,




Remark: U1 = n1n2 – U2 and U2 = n1n2 – U1

Null and alternative hypothesis
Ho: F(x) = G(y)
H1: F(x)  G(y)

Test statistic
Uo = Minimum of U1 or U2

Critical region
Fix a level of significance and obtain the tabulated value of the test statistic from Mann Whitney table.
Po = P(UUo)
Give decision
If po  , Reject H0, otherwise accept.
For two tailed test double the probability po.

When n2 > n1 & 9   n2  20
Critical value of U corresponding to an observed Uo is obtained from the table.
Decision	
If Uo  U, Reject H0, otherwise accept. 

Example: Measurements of acidity (pH) of rain samples were recorded at 4 sites of industrial and 5 sites of non-industrial region:
Industrial region: 6.3, 4.9, 3.0, 6.0
Non-industrial region: 4.2, 4.5, 3.1, 4.4, 5.0
Is the difference of acidity of rain between the industrial and non-industrial region significant?

Solution: Given n1 = 4, n2 = 5
H0: Industrial region and non-industrial region are not significantly different so far as acidity of rain is concerned.
H1: Industrial region and non-industrial region are significantly different so far as acidity of rain is concerned.

	Acidity of rain samples

	Industrial region
	Rank
	Non-industrial region
	Rank

	6.3
4.9
3.0
6.0
	9
6
1
8
	4.2
4.5
3.1
4.4
5.0
	3
5
2
4
7

	
	R1 = 24
	
	R2 = 21



Then R1 = sum of ranks of x’s of first sample = 24
R2 = sum of ranks of y’s of the second sample = 21




Test statistic: U0= Minimum of U1 or U2 = 6	


Next for a pre assigned level of significance  = 0.05, we obtain from the Mann- Whitney table, the probabilities associated with the values as extreme as observed U0, i.e 
Decision: Since 2po= 0.412 > 0.05 = , we may accept H0.

Exercise: The heart beating rates of 5 vegetarians and 4 non vegetarians are recorded below:
Vegetarians: 		56, 67, 82, 60, 75
Non vegetarians:	53, 42, 75, 58
Test if the mean heart beating rate of vegetarians is significantly high.	
(Uo = 4.5, 0.0952, Accept Ho)
For large sample case (when n1 < n2 > 20)
Test statistic
For large sample case, the sampling distribution of Uo is approximately normal with 


 and 

i.e. Uo 

  N(0,1)

The distribution of z is valid for no ties and ties within sample observations. But, however, in case of ties between sample observations the value is Uo is affected considerably which necessitate to change the variability of the set of ranks or equivalently a correction for ties must be applied to tie standard deviationof the sampling distribution of Uo.
The ties corrected standard deviation is given by,

 

Where  and t = no. of observations tied for a given rank.
Hence in this case,



Critical region
Next for a pre assigned level of significance , we obtain from the normal table, the critical value of Z.

Decision
If Z cal ≤ Z tab,  i.e. Z≤ Z, Ho is accepted otherwise rejected.

Exercise: A dentist wishing to test the claims of rival manufactures of dental cleansing preparation A and B, choose 12 patients and induced them to agree to use A for a year while 22 other are persuaded to use B. At the end of the year the record of the number of cavities developed in these patients are as follows:
A: 8, 2, 1, 7, 2, 4, 7, 5, 7, 4, 6, 8
B: 11, 1, 3, 7, 6, 5, 10, 2, 8, 6, 7, 2, 12, 8, 11, 4, 7, 6, 8, 7, 6, 10
Make use of Mann Whitney U test to test the null hypothesis that cleansing A is as good as cleansing B. Test the hypothesis at 1% level of significance.		(1.38, Ho accept)
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