11.1 Chi-Square Distribution

   -  Chi-square distribution defined by only one parameter, degrees of freedom (df depends on situation)

Properties:

1) Total area under the curve = 1

2) Starts at zero on horizontal axis, and extends infinitely right, never touching the horizontal

3) Right skewed

4) As the degrees of freedom increase, the curve becomes more symmetric

5) The mode (peak) of the 
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is at df-2 if df is more than 2.  The mode is at zero for df=1.

6) Mean of 
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 distribution is df, and the standard deviation is 
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Note: 
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 (the chi-square distribution with one degree of freedom) is the square of a standard normal.

We use Table VI to find 
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-this is the chi-square value that has an area of ( in the right tail
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Ex: Find the 
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 value with df=17 and 10% of it’s area in the right tail

Ex: Determine the 
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 value with 23 degrees of freedom and .9 in the right tail.

Ex: Find 
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Ex: For 10 degrees of freedom, find the area in the right tail of 
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= 12.55

11.3 Contingency Tables and Test of Independence/Association

Recall Contingency Tables – a table where two categorical variables are displayed in a cross-tabulation table

Ex: Consider categorical variables, political affiliation and class level, of selected college students.  Below is a contingency table of the data.

	
	
	Class Level
	

	
	 
	Freshman (1)
	Sophmore (2)
	Junior (3)
	Senior (4)
	Total

	Political Party
	Democrat (1)
	10


	40


	50


	30


	130

	
	Republican (2)
	40


	80


	40


	20


	180

	
	Other    (3)
	10


	30


	30


	20


	90

	
	Total
	60
	150
	120
	70
	400


Association: 2 variables are associated or related if knowing the value of one variable gives information about the value of the other variable.  If two variables are associated, then they are dependent.

Ex: Above, if you know the student is a freshman, are they more or less likely to be a Republican than Democrat?

If the variables were not associated, each of the values for class level would be independent of the values political party.

To determine whether or not two variables are associated we perform a test of independence, using the null hypothesis that the variables are independent (not associated), against the alternative that the two variables are not independent (associated).

To perform this test, we need to consider what the table would look like under perfect independence.  What would we expect the values in the cells to be if the two variables were not related?


Expected     =    (Row total)*(Column total)

frequency
              (sample size)

or      
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We can compare the expected frequency for each cell with the observed frequencies and see how different they are in order to determine if the variables are independent.  If they are independent, then the observed frequencies would be close to the expected frequencies.

Ex:

    Expected frequency for the democrat - freshman cell = 

E11 = R*C   =   (130)*(60)  = 19.5




  n                 400




    Expected frequency for the democrat - sophmore cell = 

E12 = R*C   =   (130)*(150)  = 48.75




  n                 400


	
	
	Class Level
	

	
	 
	Freshman (1)
	Sophmore (2)
	Junior (3)
	Senior (4)
	Total

	Political Party
	Democrat (1)
	10   /  19.5


	40   /   48.75


	50


	30


	130

	
	Republican (2)
	40


	80


	40


	20


	180

	
	Other    (3)
	10


	30


	30


	20


	90

	
	Total
	60
	150
	120
	70
	400


If we continue we can fill the whole table with expected frequencies

	
	
	Class Level
	

	
	 
	Freshman (1)
	Sophmore (2)
	Junior (3)
	Senior (4)
	Total

	Political Party
	Democrat (1)
	10   /  19.5


	40   /   48.75


	50   /   39


	30    /   22.75


	130

	
	Republican (2)
	40   /   27


	80   /   67.5


	40   /   54


	20    /   31.5


	180

	
	Other    (3)
	10   /   13.5


	30   /   33.75


	30   /   27  


	20    /    15.75


	90

	
	Total
	60
	150
	120
	70
	400


Notice that the expected frequencies in the rows and columns add up to the total column.  This is an easy way to check you math.

So…are these expected frequencies “significantly different” from the observed frequencies?

The basic idea of the chi-square test for independence is, “are the observed values significantly different from the expected values?”

We need to standardize the observed values to compare them to see if the difference between the observed and expected values are significant.

For a chi-square independence test, the test statistic is
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This 
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 value follows a chi-square distribution with df = (r-1)(c-1) if the null hypothesis of independence is true.  Where r=# of rows in the table and c = # of columns in the table.

Once we have this 
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value, we compare it to a cut-off value found from the table, if the variables are dependent then 
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 will be ___________ than the cut-off.

Chi-Square Independence Test

Assumption:


1) All expected frequencies are 5 or more


2) Simple random sample

Step 1: State null and alternative hypothesis


Ho : the variables ______ and __________ are independent


H1 : the variable ______ and __________ are dependent (associated)

Step 2: Choose an ( level and find 
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 from the chi-square table VI where df = (r-1)(c-1).  Sketch the rejection region.  This will be our cut-off value for rejection.

Step 3: Calculate the expected frequencies
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for each cell (write next to observed values in cells).

Step 4: Check assumption 1)

Step 5: Compute the test statistic   
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This is done by computing 
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 for each cell and adding them up to find 
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Step 6: Using 
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 found in step 2.  If 
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 is in the rejection region ( large than 
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) then we rejection Ho in favor of H1.

· If 
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 then the variables are dependent.

· If 
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 then the variables are independent.

Step 7: Interpret.

http://www.unc.edu/~preacher/chisq/chisq.htm - gives a chi-square test, just enter the observed data.

Ex: Test to see whether or not class level is independent of political party at (=.05.

Assumption 1 is satisfied from above.  No expected frequencies < 5.

Step 1:  Ho : the variables class level and political party are independent


H1 : the variable class level and political party are dependent

Step 2: ( = .05        df = (r-1)*(c-1) = 2*3 = 6     
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Step 3: Calculate expected frequencies.  We did this above.

	
	
	Class Level
	

	
	 
	Freshman (1)
	Sophmore (2)
	Junior (3)
	Senior (4)
	Total

	Political Party
	Democrat (1)
	10   /  19.5


	40   /   48.75


	50   /   39


	30    /   22.75


	130

	
	Republican (2)
	40   /   27


	80   /   67.5


	40   /   54


	20    /   31.5


	180

	
	Other    (3)
	10   /   13.5


	30   /   33.75


	30   /   27  


	20    /    15.75


	90

	
	Total
	60
	150
	120
	70
	400


Step 4: Assumption 1 is satisfied from above.  No expected frequencies < 5.

Step 5: Compute the test statistic   
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Do this by filling in (O-E)2/E for each cell.

Cell democrat-freshman  
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Cell democrat-sophomore  
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We do this for each cell and put the values under the others.

	
	
	Class Level
	

	
	 
	Freshman (1)
	Sophmore (2)
	Junior (3)
	Senior (4)
	Total

	Political Party
	Democrat (1)
	10   /  19. 5

       4.628 
	40   /   48.75

        1.571
	50   /   39

       3.103        
	30    /   22.75

       2.310
	130

	
	Republican (2)
	40   /   27

      6.259
	80   /   67.5

       2.315
	40   /   54

       3.630
	20    /   31.5

       4.198
	180

	
	Other    (3)
	10   /   13.5

      .907
	30   /   33.75

        .417
	30   /   27  

      .333
	20    /    15.75

        1.147
	90

	
	Total
	60
	150
	120
	70
	400


Adding these, we find that 
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         = 4.628+1.571+3.103+2.310+6.259+2.315+3.63+4.198+.907+.417+.333+1.147

         = 30.817

Step 6: Decision.  Reject if the test statistic is in the rejection region.

Step 7: Class level and political party affiliation are significantly dependent. (There is an association between class level and political party).
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