Chapter Four 

. (2 test (chi-square test)

. Using the chi-square test (worked example)

. Assumptions of the chi-square test

In this chapter, you will be introduced to a very useful test called the 

(2 test (also known as the “chi-square test of association” or “chi-square test of independence”). It is used to determine if there is a statistically significant association between two variables measured at the nominal level. It can also be used to test for association between two variables measured at the ordinal level.

Here is an example to illustrate how the (2 test is used:

Suppose you wish to test if there is an association between gender (“sex”) and anorexia nervosa in the case of Malaysian teenagers. You could select a random sample of 100 male Malaysian teenagers from the population of all male Malaysian teenagers and a second random sample of 100 female Malaysian teenagers from the population of all female Malaysian teenagers. Next you would check how many of the female teenagers suffer from anorexia nervosa vis-à-vis how many of the male teenagers suffer from anorexia nervosa. Then you would use the (2 test to see if the difference in prevalence of anorexia nervosa between the males and the females is statistically significant or due to chance alone. The steps involved in analyzing the above data using the (2 test are as follows:

1. Place the data in a 2 X 2 “contingency table” (two by two contingency table) of OBSERVED VALUES. See Figure 4.

                     FIGURE 4 : Gender and Occurrence of Anorexia Nervosa,

                     Sample of 100 Male Malaysian Teenagers and Sample of 100

                     Female Malaysian Teenagers (OBSERVED VALUES) 

                                               Anorexia Nervosa

                                                Yes                No

	      3
	      97

	     10
	      90


                           Male                                    

            Gender

                           Female                              

2. If there is a relationship between gender and anorexia nervosa, e.g., if females are more likely to suffer from the disease than males, then the number in cell 1-1 (top left hand corner cell) would be small and the number in cell 2-1 (bottom left hand corner cell) would be large.

                                                 Anorexia Nervosa

                                                Yes                No

	   Small

  e.g. 1


	      99

	   Large

   e.g. 11


	      89


                           Male                                    

            Gender

                           Female                              

           If there is a relationship between gender and anorexia nervosa in the

          other direction, i.e., if males are more likely to suffer from the disease

          than females, then the number in cell 1-1 (top left hand corner cell)

          would be large and the number in cell 2-1 (bottom left hand corner 

          cell) would be small.

                                                Anorexia Nervosa

                                                Yes                No

	   Large

  e.g. 13


	      87

	   Small

   e.g. 2


	      98


                           Male                                    

            Gender

                           Female                              

3. If there is NO relationship between gender and anorexia nervosa, e.g., if both females and males are equally likely to suffer from the disease, then the number in cell 1-1 (top left hand corner cell) would be large and the number in cell 2-1 (bottom left hand corner cell) would also be large.

                                                 Anorexia Nervosa

                                                Yes                No

	  Large

  e.g. 12


	      88

	   Large

   e.g. 11


	      89


                           Male                                    

            Gender

                           Female                              

           If there is NO relationship between gender and anorexia nervosa in

           the other direction, i.e., if both males and females are equally

           unlikely to suffer from the disease, then the number in cell 1-1 (top

          left hand corner cell) would be small and the number in cell 2-1

          (bottom left hand corner cell) would be small.

                                                Anorexia Nervosa

                                                Yes                No

	   Small

  e.g. 3


	      97

	   Small

   e.g. 2


	      98


                           Male                                    

            Gender

                           Female                              

4. After drawing Figure 4 (table of OBSERVED VALUES), we need to construct a table of EXPECTED VALUES. See Figure 5.

                     FIGURE 5 : Gender and Occurrence of Anorexia Nervosa,

                     Sample of 100 Male Malaysian Teenagers and Sample of 100

                     Female Malaysian Teenagers (EXPECTED VALUES) 

                                                          Anorexia Nervosa

                                                      Yes                     No

	         a
	          b

	         c
	          d


                         Male                                                          Row 1 total

            Gender

                         Female                                                          Row 2 total

                                            Column 1 total      Column 2 total

The EXPECTED VALUE of “a” in cell 1-1 would be

                          (Row 1 total) X (Column 1 total) 

                                                n

where n = sum of sample sizes, i.e., 100 males + 100 females = 200

Similarly, the EXPECTED VALUE of “b” in cell 1-2 would be

                          (Row 1 total) X (Column 2 total) 

                                                n

The EXPECTED VALUE of “c” in cell 2-1 would be

                          (Row 2 total) X (Column 1 total) 

                                                n

The EXPECTED VALUE of “d” in cell 2-2 would be

                          (Row 2 total) X (Column 2 total) 

                                                n

Thus, based on the numbers given in Figure 4, the EXPECTED VALUES for the entire table would be:

FIGURE 6 : Gender and Occurrence of Anorexia Nervosa,

                     Sample of 100 Male Malaysian Teenagers and Sample of 100

                     Female Malaysian Teenagers (EXPECTED VALUES) 

                                                            Anorexia Nervosa

                                                      Yes                              No

	(13 X 100) = 6.5

     200
	 (187 X 100) = 93.5

       200

	(13 X 100) = 6.5 

      200
	 (187 X 100) = 93.5

        200


                           Male                                    

            Gender

                           Female                              

The next step would be to calculate something called the (2 for each cell and add them all up to get the cumulative (2

The formula for the cumulative (2 is:

Cumulative (2  = ( (O – E)2

                                      E

Where O = observed value found in a particular cell

            E = expected value associated with a particular cell

Once we get the cumulative (2, we should compare this value to the corresponding “critical value” in a (2 table to see if it is statistically significant. If it is statistically significant (equals or exceeds the “critical value”), we would reject H0 and accept H1
H0 : There is no association between gender and suffering from anorexia

        nervosa. Any association seen is due to chance alone.

H1 : There is a statistically significant association between gender and

        suffering from anorexia nervosa.

To find the “critical value” of (2 for a 2 X 2 contingency table at the 0.05 level, we would look at the “critical value” for degree of freedom = 1 and probability level of 0.05 The table shows that the critical value is 3.841

(The “degree of freedom” is equal to (number of rows minus 1) X (number of columns minus 1) = (2 – 1) X (2 – 1) = 1).

FIGURE 7 : (2 Table (Truncated and Simplified)

	   Degree of freedom
	   Probability of 0.05
	  Probability of 0.01

	               1
	          3.841 
	            6.635

	               2
	          5.991
	            9.210

	               3
	          7.815
	          11.345

	               4
	          9.488
	          13.277

	               5
	        11.070
	          15.086

	               6
	        12.592
	          16.812


Decision Rule of Less Stringent Test: Reject H0 and accept H1 if the calculated cumulative (2 is greater than or equal to the critical value of 3.841 when testing at the 0.05 level with degree of freedom of 1 (where the 0.05 refers to the probability of H1 occurring by chance).

Alternatively, reject H0 and accept H1 if the p-value is less than or equal to 0.05

Decision Rule of More Stringent Test: Reject H0 and accept H1 if the calculated cumulative (2 is greater than or equal to the critical value of 6.635 when testing at the 0.01 level with degree of freedom of 1 (where the 0.01 refers to the probability of H1 occurring by chance).

Alternatively, reject H0 and accept H1 if the p-value is less than or equal to 0.01

Thus, in the example given in Figure 4, the cumulative (2 is found to be 4.031 When this cumulative chi-square value is used for the less stringent test (0.05 at degree of freedom = 1), it is found to exceed the critical value of 3.841. Also, the p-value is less than 0.05 Therefore, we reject H0 and accept H1 and conclude that there is a statistically significant association between gender and suffering from anorexia nervosa. When we reject H0 and accept H1, the probability that H1 has occurred by chance is less than 0.05 or less than 5%). 

However, when we use the cumulative chi-square value of 4.031 for the more stringent test (0.01 at degree of freedom = 1), it is found to be less than the critical value of 6.635 Also, the p-value is more than 0.01

Therefore it has passed the less stringent test but failed the more stringent test. Hence, when we reject H0 and accept H1, the probability that H1 has occurred by chance is less than 5% but more than 1%

Assumptions of the (2 test include the following:  

. The data should be nominal data or ordinal data

. The total sample size should be between 25 to 250 (preferably)

. The samples should be random samples

. The expected value of each cell should be at least 5 (if not, the categories

  can be combined to overcome this problem) 

