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Hypothesis Testing IV, Chi Square

Introduction

1.  The Chi square test is the single most frequently used test of hypothesis in the social sciences.  It is a nonparametric test, meaning that it requires no assumption about the exact shape of the population distribution.  It is appropriate for nominally measured variables.  It can be used for two or more categories of a variable.  
The Logic of Chi Square

1.  This is the chi square test for independence.  Two variables are independent if the classification of a case into a particular category of one variable has no effect on the probability that the case will fall into any particular category of the second variable.  To conduct a chi square test, the variables must first be organized into a bivariate table.  
2.  The categories of the independent variable are used as column (go up and down like columns in a building) headings.  The categories of the dependent variable are used as row headings.  The marginals (these are the totals of the columns and rows) are the univariate frequency distributions for each variable.  A bivariate table in which both variables have three categories has nine cells.  If two variables are independent, the cell frequencies will be determined by random chance.
3.  The null hypothesis states that the variables are independent.  If the null hypothesis is true, the expected cell frequencies are what we would expect to find if only random chance were operating.  The actual frequencies would differ little from the expected frequencies.  So, when the variables are independent of each other, there should be little difference between the observed frequencies and the expected frequencies.  These slight differences would be due to chance alone.  If the null is false (we reject the null), there should be large differences between the two.
The Computation of Chi Square

1.  You need to compute a test statistic: X2 (obtained), that is, Chi-square (obtained).  Then we need to find X2 (critical) to compare with our test statistic.  X2 (critical) is found by looking in a chi square table (Appendix C) for a particular alpha level and degrees of freedom.
Formula 11.1 for X2 (obtained) :
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Where fo = the cell frequencies observed in the bivariate table.  And fe = the cell frequencies that would be expected if the variables were independent.
2.  So, you have to calculate an expected frequency for each cell in the table

Since marginals will be unequal in most cases, you need Formula 11.2 to compute the expected frequencies:
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3.  The expected frequency for any cell is equal to the total of all cases in the row where the cell is located (the row marginal) multiplied by the total of all cases in the column (the column marginal), and that quantity is divided by the total number of cases in the table (N), which is in the lower right hand corner.  Then go back to Formula 11.1 and subtract the expected frequency from the observed frequency for each cell, square this difference, divide by the expected frequency for that cell, and then sum the resultant values for all cells.  After calculating the expected frequencies for the table, check your math by putting in the row and column marginals.  These must be the same as the marginals in the table of actual frequencies.
The Five-Step Model
1.  Again, the null hypothesis states that the two variable are independent, and the research hypothesis states that the two variables are dependent.  Note that the value of the chi square test statistic is always a positive number.
2.  In Step 3, we will use the chi square distribution to establish the critical region.  The sampling distribution of sample chi squares is positively skewed, with higher values of sample chi squares in the upper tail of the distribution.  To find X2 (critical), we need to look in Appendix C.  Unlike the t distribution, degrees of freedom for chi square are found with Formula 11.3:
df = (r - 1)(c - 1)
where df = degrees of freedom

(r - 1) = number of rows minus one

(c - 1)= number of columns minus one

So if one variable had three categories, and the other had four categories, how many degrees of freedom would it have?  (six is the answer).
The Limitations of the Chi Square Test

1.  When sample size is small, we cannot assume the sampling distribution of all possible sample test statistics is described by the chi square distribution.  A small sample is defined as one where a high percentage of the cells have expected frequencies of 5 or less.  There will be a warning on the computer printout when the sample size is too small.
2.  The second problem with chi square occurs with large samples.  All tests of hypothesis are sensitive to sample size.  The probability of rejecting the null hypothesis increases with sample size, regardless of the size of the difference and the selected alpha level.  For chi square, larger samples may lead to the decision to reject the null when the actual relationship is trivial.
3.  Chi square is more responsive to changes in sample size than other test statistics, since the value of X2 (obtained) will increase at the same rate as sample size.  If sample size is doubled, the value of X2 (obtained) will be doubled.  All tests of significance will tell whether our results are significant or not, but will not necessarily tell if the results are important in any other sense.  
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