Chi Square Tests- Overview

Chi-square tests are used to test whether there is a relationship (association) between two nominal scale variables.   These tests compare observed frequencies (“count” in SPSS output)- which are based on what data is actually found in the sample- to expected frequencies (“expected count” in SPSS output).  Expected frequencies are theoretical, and represent what we would expect to find if there is no association between the variables (the null hypothesis is true).

For example, you may be examining the relationship between gender and poverty
status and hypothesize that there is some relationship between these variables. Let’s say you’re interested in a two-tailed test, at the .05 level of significance. The null hypothesis is that there are no differences among the groups- men and women have an equal likelihood of being in poverty. What you will do is examine your sample or your observed relationships between the variables relative to what you would expect these relationships to look like if men and women had the same likelihood of being in poverty.

In the sample given below, there are 200 women and 100 men.

	
	Women
	Men
	Total

	Not in poverty (0)
	80  (cell A)
	70  (cell B)
	150

	In poverty (1)
	120  (cell C)
	30  (cell D)
	150

	Total
	200
	100
	300



In what we will call cell a, there are 80 women not in poverty.
In cell b there are 70 men not in poverty.
In cell c, there are 120 women in poverty.
In cell d, there are 30 men in poverty.

We will test the null hypothesis that the groups are the same. If the groups were the same, the same percentage of observations would in poverty for males and females. If we examine the total number of observations and see what percent are in or out of poverty, we can then determine the overall likelihood of being in or out of poverty. Here, we have half (150/300) the observations in poverty and half the observations out of poverty. So if the two groups (males and females) are the same, we would expect around half of each group to be in poverty.

Since we expect half the women to be in poverty, we expect that 100 women should be living in poverty.  For men, we expect that half the men will be in poverty and half the men will be out of poverty. So if the groups are the same, we expect that 50 men should be in each group.

To come up with a chi-square statistic, we will compare these expected values with the actual values in the table. If there is a large enough difference, we will reject the null hypothesis that there is no difference between women and men in the likelihood of being in poverty.
To calculate the chi square statistic, this equation is used:

Chi square statistic = 	∑ (ƒ0 – ƒe)2 / ƒe

We sum all the differences between the observed and expected frequencies squared, and divide by the value of the expected frequencies (you will not have to do this on the midterm).

Cell	observed	Expected	Difference (ƒ0 –ƒe)  	Diff Squared		X2

a	120		100		20			400			4
b	30		50		-20			400			8
c	80		100		-20			400			4
d	70		50		20			400			8

Therefore, the value of the chi square statistic is 24 (4 +8 + 4 + 8 = 24). 

Using SPSS, we could calculate a chi-square statistic and a related p value (significance value).  There are different chi-square critical values, based on the level of the test (.05, .01, or .001) and the degrees of freedom.  Degrees of freedom are based on the number of rows and the number of columns in the crosstabs chart.  To determine the degrees of freedom (df), use the following formula:  DF = (number of rows – 1) x (number of columns – 1).  For crosstabs with four cells, the degrees of freedom will always be 1.  

DF = (2-1) x (2-1) = 1

In order to reject the null hypothesis, the test statistic (chi square statistic) must be equal to or greater than the critical value (3.84 for a 2 tailed .05 test with 1 df, 2.71 for a 1 tailed .05 test with 1 df).  The p-value should be equal to or less than the rejection level p-value (.05, .01, or .001).

For the example on the previous page, the chi square statistic is 24, which is much larger than the critical values of 3.84 for a two-tailed test, or 2.71 for a one tailed test. Therefore, we would reject the null hypothesis and find support for our research hypothesis.  

If this test were done in SPSS, we would be given a value for the chi square statistic and a related p value (labeled “Asymp. Sig two sided).  If the given p value is equal to or less than .05, the test is statistically significant.  

[bookmark: _GoBack]If the test is statistically significant, we can interpret whether the relationships between the variables are positive or negative.  Remember- we don’t report the direction if the test is not significant.    The easiest way to do this is to examine cell D in the cross tabs chart.  If we look at the example from the previous page, in cell D we see that 30 men are in poverty.  We know that the expected count is 50.  30 is less than 50, suggesting a negative relationship: men are less likely to be living in poverty than women.  If the count is greater than the expected count, that suggests a positive relationship between the variables.  
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