What have we learnt so far ?? 
i) We use non-parametric procedures when :
· The response distribution is 

· The sample sizes are 
ii) We perform non-parametric procedures by

    the sample units based on their values on the 

    response variable.
iii) In order to compare two groups, we generally  

   perform Wilcoxon test or Wilcoxon Rank Sum test.

(iv) The former is based on the difference of mean 
       ranks for the two groups while the latter is based 

       on the sum of the ranks for one of the groups.
(v)  Non-parametric tests are generally based on the 

      median of the observations (rather than the mean) 

      because median is not affected by outliers (while 

      the mean is).

(vi) To compare more than 2 groups, we use the 
       Kruskal Wallis test which is based on the 

       differences between the sample mean ranks.
(vii) When the response is normally distributed and 

         the sample sizes are large, it is better to use the 

         usual parametric tests (ANOVA or t) rather 

         than the non-parametric ones (think about the 

         general physician and the heart specialist!!)

(viii) We perform the Sign test for comparing 

         matched pairs data. It is based on the signs of 
         the differences between the values for each pair.
Wilcoxon Signed-Rank Test

Last time we learnt about the Sign test for comparing matched pairs data. One disadvantage of the Sign test is that it only takes into account the sign but NOT the exact magnitude of the difference between the two  observations in a pair. 

Wilcoxon’s Signed rank test does exactly that – it measures (and then ranks) the differences between the responses in each matched pair. In doing so, it gives us a more precise idea of the nature of differences between the matched pairs.

Let us now go through the steps of this test : 
I. Assumptions :

· Simple random sample of n matched pairs on a quantitative response variable.
· Differences of observations in the matched pairs have a symmetric population distribution.
II. Hypotheses:


H0: Population median of difference scores = 0


Ha: Population median of difference scores ( 0 

Ha: Population median of difference scores > 0       

                                 OR

Ha: Population median of difference scores < 0

III. Test Statistic

To compute the test statistic, we should first rank the absolute values of the difference scores for the matched pairs. Then we should find the sum of the ranks for those differences that are positive.
IV. P – value : Any statistical software will give us the p – value.
V. Conclusion : If p – value < 0.05, we reject H0 at 5 % level of significance, otherwise we fail to reject H0.
Eg: Let us go back to the coffee example we did last time. 10 judges independently assigned a score between 1 and 10 (10 = Very Strong) to two types of coffee (Turkish and Columbian coffee) to decide if Turkish coffee has a stronger taste than the Colombian coffee. 
The following table shows the difference of the scores, the absolute differences and the ranks.
	Judges
	Ti
	Ci
	Ti – Ci
	| Ti – Ci|
	Rank
	+ Rank

	1
	6
	4
	2
	2
	
	

	2
	8
	5
	3
	3
	
	

	3
	4
	5
	– 1
	1
	
	

	4
	9
	8
	1
	1
	
	

	5
	4
	1
	3
	3
	
	

	6
	7
	9
	–2
	2
	
	

	7
	6
	2
	4
	4
	
	

	8
	5
	3
	2
	2
	
	

	9
	6
	7
	–1
	1
	
	

	10
	8
	2
	6
	6
	
	

	Total
	
	


I. Assumptions
· Simple random sample of judges i.e random sample of matched pairs.

· Quantitative response variable - strength of coffee.
· We assume that the differences in strengths (between Turkish and Columbian coffees) have a symmetric population distribution.
II. Hypotheses

H0:  Both coffees are of equal strength

Ha: Turkish coffee is stronger than Columbian 
       coffee.

Equivalently,

H0: Median rank of the two coffee brands are 
      equal

Ha: Median rank of of Turkish coffee is
      than the median rank for Columbian coffee.

III. Test Statistic : Sum of positive ranks = 
IV. P-Value = 0.029 (From computer)
V. Conclusion : Since 0.029 < 0.05, we                

         H0 at            significance level.
We thus conclude that the median rank for Turkish 
coffee is significantly                  than the median rank for Columbian coffee at           level.
Note : The Sign test gave us a p – value of  0.102 which was much higher that 0.029. Thus, the Wilcoxon Signed Rank test is much more sensitive than the Sign test. This is due to the fact that unlike the Sign test, it takes into account the exact magnitude of the differences between the matched pairs. 
End note : 

As we have seen, non-parametric methods have fewer assumptions than the parametric methods. This makes them more versatile. But if the parametric assumptions are satisfied, then the parametric procedures will do better than the corresponding non-parametric methods. 

Lastly, non-parametric procedures are not well developed for multivariate problems like multiple regressions etc. Some of you may do great research on that in the future!! Good Luck!!
