     Advantages of 
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 statistic over z statistic : 

A z statistic can only be used to compare a single estimate to its null hypotheses value i.e for hypotheses like : 


H0 :
                  or         H0 : 

This is only possible in 2 x 2 tables as we saw above. 

For contingency tables with more than 2 rows and/or columns, we need more than one hypotheses to describe the association. 

Eg : Suppose we want to compare the effectiveness of Advil, Tylenol and Excedrin in reducing headaches. Our contingency table would then look like : 

	Medicine
	  Headache ?

	
	  Y
	  N

	Advil
	   p1
	 1- p1

	Tylenol
	   p2
	 1- p2

	Excedrin
	   p3
	 1- p3


Here p1 is the population proportion of patients taking Advil who got a relief from headache. Similarly for p2 and p3.

Here the explanatory variable (                       ) has 
categories corresponding to the three medicines used. So, the null hypotheses for independence will be


               H0 : 

We can rewrite this hypotheses as 


              H01 : 


    and   H02 : 

Now, in order to test the H01 and H02 we have to use two z statistics (one for each). On the other hand, if we use the 
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 statistic, only one (with 2 df) will be enough.

So, crudely speaking, 
[image: image3.wmf]2

c

 statistics are easier to use when we have large contingency tables.

Limitations of the Chi-square test : 

We have seen that a low p – value corresponding to a 
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 statistic indicates the presence of association between the two variables in a contingency table. But it has some disadvantages too as follows : 

· A chi – square test only tell us whether there is an association or not – it doesnot tell us anything about the exact magnitude or direction (positive or negative) of association (between two variables).

· A chi – square test cannot be used when the expected frequencies are too small (< 5).

· The chi – square test may give us misleading results if our sample is not randomly generated.

·  A chi – square test may fail if we use a quantitative variable as a categorical variable i.e if we donot use pure categorical variables.

Assessing the strength of association between two    

variables : 
As mentioned earlier, a chi – square test only tell us whether two variables are associated or not – it doesnot tell us anything about the exact strength of association. 
Eg : In the survey on the perception of women’s role in society, the 
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 statistic was 91.9 and the associated p – value was 0. Thus, we concluded that perception about women’s role is associated with the year of survey. But, we couldnot say anything about the strength or direction of association.
There are different statistics which can be used to summarize the strength of association between two variables. They are explained below : 
(i)  Difference of proportions :  This is the difference in the conditional proportions (or probabilities) for a particular response taken over the categories of the explanatory variables.

Properties : 

· It lies between        and          .
· It is         when the two variables are independent.

· Closer it is to         or           , stronger is the association between the two variables.
Eg : For the above survey, our contingency table was : 
	Year
	Response
	Total

	
	Agree
	Disagree
	

	1982
	122


	223


	  345

	1994
	268


	1632



	1900

	Total
	390
	1855
	2245


So, the table of the conditional proportions will be : 

	Year
	Response
	Total

	
	Agree
	Disagree
	

	1982
	122/345

= 0.354
	
	345

	1994
	268/1900

= 0.141


	


	1900

	Total
	390
	1855
	2245


So, the difference of proportions between 1982 and 1984 is (                                     ) which is not large. So, we conclude that the perception of women’s roles in society has changed but NOT significantly between 1982 and 1994.  

Now, suppose the same survey is done at the same time in two different parts of US – north and south. We have the following contingency table : 

	Year
	Response
	Total

	
	Agree
	Disagree
	

	North
	   367

	114

	  481

	South
	148


	362


	510

	Total
	381
	610
	991


So, the difference of proportions between north and south America is 
which is higher than that between 1982 and 1994. So, we conclude that the perception about women’s roles is more strongly associated with region than with year of survey.
(ii)  Relative Risk :  Here, instead of taking the difference, we take the ratio of the conditional proportions (or probabilities) for a particular response taken over the categories of the explanatory variables.

Eg : For the above table, we see that for residents of the north, the proportion who agreed (to more independence for women) is                  
For residents of south, the proportion who agreed is               
So, the relative risk would be                                   
i.e the proportion of north American residents who were in favour of more independence to women was              times the proportion of south American residents who were in favour of the same. 
Properties : 

· The relative risk cannot be negative.
· Two variables are independent if                      i.e relative risk is     .

· Further the value of relative risk is from 1, stronger is the association
· Two values of the relative risk such that one is the reciprocal of the other represent the same strength of association but in opposite direction. 
Eg : 5 and 1/5 = 0.20 represent the same strength of association but in opposite direction.
In the above example, the proportion of SOUTH American residents who were in favour of more independence to women is              
times the proportion of NORTH American residents who were in favour of the same. The above value is just the reciprocal of the value we arrived at before – it represents the same strength of association but in opposite direction. 
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