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Chi-Square is the most commonly reported non-parametric statistic. It is used when the data are nominal.
Chi-Square can be used in one or more groups. It compares the actual number (or frequency) in each group with the ‘expected number’. The ‘expected’ number can be based on theory, previous experience, or comparison groups.

Example:

	
Cardiac
Catheterization
	
	Male
	Female
	Row Totals

	
	NO
	15
	16
	31

	
	YES
	45
	24
	69

	
	Column Totals
	60
	40
	100


 
Suppose we are interested in the question of whether men are treated more aggressively for cardiovascular problems than women.
The Null hypothesis is that recommendation for cardiac catheterization is not related to the sex of patient.
If the data (above) support the Null hypothesis, there will be no difference in the rates between men and women. Because the number of men and women are different, it is not easy to tell whether there were differences by sex.
To clarify matters we could calculate percentages:

	
Cardiac
Catheterization
	
	Male
	Female
	Row Totals

	
	NO
	15 (25%)
	16 (40%)
	31

	
	YES
	45 (75%)
	24 (60%)
	69

	
	Column Totals
	60
	40
	100


 


Calculation of Chi Square
Expected frequencies

In the example, because 69% (69/100 patients) of all subjects are referred, we would expect 69% of men and 69% of women to be referred if the null hypothesis is supported (I.e. no difference between men and women).
For men, for example, 69% of 60 gives and expected frequency of 41.4. The expected number of non-referrals (NO) is 31% (i.e. 100%-69% = 31%). which means that we would expect that 31% of the 60 men (18.6) would not be referred.




Expected frequencies for example:

	
Cardiac
Catheterization
	
	Male
	Female
	Row Totals

	
	NO
	15 (18.6)
	16 (12.4)
	31

	
	YES
	45 (41.4)
	24 (27.6)
	69

	
	Column Totals
	60
	40
	100


 

The following formula calculates the expected frequency (fe) for a given cell:


fe  =   Number of subjects in a row  x  number of subjects in column
                                          Total number of subjects


Therefore for 	  Male/NO                    fe = 31 x 60     = 18.6
                                                                 100


                      	Female/NO                   fe = 31 x 40     = 12.4
                                                                      100


                                       Male/YES      	      fe = 69 x 60     = 41.4
                                                                      100

                                       Female/YES      	      fe = 69 x 40     = 27.6
                                                                      100

Although we have gone through the calculation of each expected frequency, it is only necessary to calculate one; the others can be derived by subtraction, because the expected frequencies add up to their respective row and column totals.
This will always be the case in calculating a Chi-Square: The sum of the expected frequencies and the sum of the observed frequencies must be equal.
Once we have the expected frequency of 18.6 for Male/NO, the rest can be derived from subtraction as follows:
Female/NO   = 31-18.6 = 12.4
Male/YES      = 60-18.6 = 41.4
Female/YES  = 40-12.4 = 27.6 (or 69-41.4 = 27.6)


Chi-Square formula

Once the expected frequencies for all the cells have been calculated, they are compared to the observed using the Chi-Square formula:

2     = 

Where   = the sum of all cells
                  fo     = Observed frequency in a given cell
                  fe     = Expected frequency in a given cell


From the example, the formula becomes:

  +  +   +  


= 0.69677 + 1.04516 + 0.31304 + 0.46957


Therefore 2  = 2.52454


To establish whether our Chi-Square result is significant, we need to look this figure up in a probability table. However we also need to know the degrees of freedom for the calculation before we can do this.


Degrees of freedom in Chi-Square (df)

Degrees of freedom is defined as the extent to which values are free to vary given a specific number of subjects and a total score. In Chi-Square analysis, however, frequencies are used rather than scores. The number of cells that are free to vary depends on the number of cells found in the table. How many cell frequencies would we need to know to derive the others? The answer will be equal to the df. It has already been demonstrated that given one expected frequency, we can determine the other frequencies by simple subtraction. Similarly, if we are given the row and column totals and know one of the cell frequencies, we could calculate the others. By knowing one cell value in a 2x2, we know all the other cell values. Therefore, only one cell is free to vary; the others are dependent on the value. The df for a 2x2 Chi-Square analysis is always 1, regardless of the sample size. 


The formula for calculating the df for any size table in a Chi-Square Analysis follows:

df = (r-1)(c-1)    where r = number of rows and c = number of columns


Therefore for a 2x2 Chi-Square Analysis (as used in this example):

df = (2-1)(2-1)
     = (1) x(1)
     = 1


Interpreting Chi-Square results


We look up the value of Chi-Square using the appropriate degrees of freedom in a table of Chi-Square values. From this table we can see that our 2 result of 2.5246 falls between Chi-Square values for = 0.10 and 0.20 with one df and we can say right away that it is definitely NOT significant.


The Chi-Square value you actually find is unlikely to be exactly one of those in the table: it is going to be either higher or lower. In this case the Chi-Square indicates a  value less than 0.10 but greater than 0.20. stands for ‘probability’. Probability is most easily understood in terms of how often (one in ten, one in a hundred etc.) a given result could occur by chance.
The less often the result could occur by chance, the higher the probability that your result is significant.
Statisticians talk about ‘levels of significance’ in these terms.

The statistics  values are usually expressed as a decimal of 1.

E.g.  	0.5 = 5 chances in 10
	0.1 = 1 chance in 10
	0.05 = 5 chances in 100
	0.001 = 1 chance in 1000


Looking at where our 2 result falls, i.e. between 0.10 and 0.20  values, this means that it falls between a 1 in 10 chance and a 2 in 10 chance that the result could have occurred by chance alone.
If we look back at our table, we may have concluded that men are treated more aggressively than women, when in actual fact the Chi-Square tells us that for the numbers we have, the difference id definitely not significant. It is not statistics that lie, but the impression you can get from differences between small numbers. It is easy to read into your data something that is not there.
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