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[bookmark: X42ab3324379cc0da4b55fbdf3a62db6a7ed3f7c]Two Proportion Z-tests, a different Approach
As for one-sample two-sided proportion Z-tests, there is a different approach possible for two-sided two-samples proportion Z-tests. And again, the advantage of this approach is, that it can be generalized in case of comparing more than two groups.
[bookmark: two-samples-proportion-z-test]Two Samples Proportion Z-test
Example
Test whether there is a difference in the proportion female and male employees that support a new organisation policy.
The company has more than 20,000 employees, 60% of them are males
Data from a random sample of all employees:
Females: nf = 20, number that agrees with the new policy is 10
Males: nm = 30, number that agrees with the new policy is 20
With pf and pm the proportions of females respectively males that support the new policy, the significance test to perform:
H0: pf = pm
HA: pf  pm
 = 0.05
Conditions check:
1. random sample: yes
1. 10% condition; yes, 20 < 10% x 8,000 and 30 < 10% x 12,000
1. LC condition, yes number of successes (10, resp. 20) and number of failures (10 resp. 10) are all  10
Results two sided two samples proportion Z-test:
z = -1.179, p-value = 0.2386 (please check, using the graphical calculator)
p-value > , so do not reject H0
no support found for the hypothesis that the proportion females and the proportion males that support the new policy differ
Alternative Approach: Chi-Square-Test
H0: pf = pm
HA: pf  pm
 = 0.05
Conditions: as above, with one difference; the Large Count condition used here, says that the expected frequencies (see below) should be at least 5
Make a two-way-table with gender in the rows and Agree/Disagree in the columns and the Observed Frequencies (Fobs) in the cells.
Table 1
Observed Frequencies
	
	AGREE
	DISAGREE
	TOTAL

	Female
	10
	10
	..

	Male
	..
	..
	..

	Total
	..
	..
	..


Make a two-way-table with gender in the rows and Agree/Disagree in the columns and the Expected Frequencies (Fexp) if H0 is true in the cells; the TOTAL row and column are the same as in the table with observed frequencies
Table 2
Expected frequencies if H0 is true
	
	AGREE
	DISAGREE
	TOTAL

	Female
	..
	..
	20

	Male
	..
	..
	30

	Total
	30
	20
	50


Make another two-way-table, in the cells write down the values of  using the values in the cells in the tables above; leave the TOTAL row and column out.
Table 3
Chi-square calculations
	
	AGREE
	DISAGREE

	Female
	..
	..

	Male
	..
	..


Calculate the sum of the four values in the cells; this is the test statistic, in this case a  value, of the test.
In this case the distribution of the -statistic is a chi-square distribution with df = 1. You can think of df as the number of cells in the two-way-table that can be chosen freely, given the numbers in the TOTAL row and in the TOTAL column.
Check that -value= 1.389.
Check that this -value is the squared value of the z-value above.
Check that the p-value = 0.2386, the same as above.
Exercise
Compare exercise 9-21.
A driving school owner investigates whether there is a difference between the effectiveness of Instructor A and Instructor B; 100 new students are randomly assigned to either A or B, 50 students for each instructor.
After the course, 30 of Instructor A’s students passed the exam and 22 of instructor B. Use a  test to test whether these difference in results supports the hypothesis that there is a difference between the two instructors when it is about effectiveness.
For this, ue the table below.
H0: no difference between distributions PASS/NOT PASS for A and B
HA: there is a difference between the distributions for A and B
Table 4
Observed Frequencies
	
	PASS
	NOT PASSED
	TOTAL

	A
	
	
	

	B
	
	
	

	Total
	
	
	


Table 4
Expected Frequencies if H0 is true
	
	PASS
	NOT PASSED
	TOTAL

	A
	
	
	

	B
	
	
	

	Total
	
	
	


Table 4
Chi-square calculations
	
	PASS
	NOT PASSED

	A
	
	

	B
	
	


Test statistic value:  = ……….
p-value = ………
Conclusion (statistical): ……………………………… 
Conclusion (context): 	
	
	
	
Chi-Square Tests
The tests above are examples of so called Chi-Square-Tests (not to be confused with a Chi-Square_GOF test).
A Chi-Square test is used as a test for the hypothesis HA that the distributions in the columns (or in the rows) of a two-way table come from different distributions.
In general this test is used in two cases,
(i) to test the hypothesis HA that there is a difference in the distribution of a categorical variable for two or more populations and
(ii) to test the hypothesis HA that there is an association (dependency) between two categorical variables in a single population.
The first case is named a Chi-Square-Test for Homogeneity. The hypothesis is tested based on two independent samples from two different populations.
The second case is a Chi-Square-Test for Independence. The hypothesis is tested on one random sample from a population with two categorical variables.
In many cases it depends on the viewpoint used to analyse the data which of the two tests is used. The difference is not in the statistical calculations, but in the interpretation of the outcomes. So the difference has mostly to do with the research question and the design of the experiment.
See for instance the first example above. The collected data can be seen as one sample from the population of employees with two categorical variables, Gender and Opinion. The HA hypothesis in that case is: there is a dependency between Gender and Opinion.
THe collected data can also be seen as two independent samples, one from the population of female employees and one from the population of male employees. The HA-hypothesis in this case is: the distribution of opinions among female workers differs from the distribution of opinions oamng male workers.
Context and research question makes the difference, not statistics.
As said before: If only two groups and two categories are involved, a two-proportions Z-test can be used if the conditions are met. This will lead to the same conclusion. The advantage of the two-proportions Z-test is that it can also be used for one-sided tests, which is not the case for the Chi-Square test.
The advantage of the Chi-Square-Tets for Homogeneity is, that it can be used in case of more than two groups and/or more than two categories.
Exercise: see p. 711 the Check your understanding problem
The case described is a typical situation in which two independent samples are drawn from two different populations.
Q1: What are the two different populations?
A1:  	
	
	
	
Q2: What is the categorical variable in question?
A2:  	
	
	
	
Graphical mapping the data is in many cases a first step in a statistical analysis.
	Quality Of Life
	Canada
	
	UnitedStates
	

	Much bettter
	75
	
	541
	

	Somewhat better
	71
	
	498
	

	About the same
	96
	
	779
	

	Somewhat worse
	50
	
	282
	

	Much worse
	19
	
	65
	

	Total
	311
	
	2165
	


Q3: What graph is an appropriate graph to compare the distributions of the opinions about quality of life among heart attack patients in Canada and in the US?
A3: 	
	
Q4: Draw this graph and comment on what you see. 








A4:  	
	
	
	
Q5: Check the conditions for carrying out a chi-square test.
A5:  	
	
	
	
Q6: Carry out a cih-square test to test whether there is a significant difference between the two distributions of quality-of-life ratings. Use the format below.
Observed Values
	Quality Of Life
	Canada
	UnitedStates
	Total

	Much bettter
	75
	541
	

	Somewhat better
	71
	498
	

	About the same
	96
	779
	

	Somewhat worse
	50
	282
	

	Much worse
	19
	65
	

	Total
	311
	2165
	



Expected Values
	Quality Of Life
	CANADA
	US
	TOTAL

	Much better
	0.2488x311 = 77.4
	0.2488x2165=538.7
	616 (616/2476 = 0.2488)

	Somewhat better
	
	
	 569 (569/2476 = 0.2298)

	About the same
	
	
	 875

	Somewhat worse
	
	
	 332

	Much Worse
	
	
	    84

	TOTAL
	311
	2165
	2476



Chi-square contributions
	Quality Of Life
	Canada
	UnitedStates

	Much bettter
	
	

	Somewhat better
	
	

	About the same
	
	

	Somewhat worse
	
	

	Much worse
	
	




-value of this test = …………..
degrees of freedom df = ………………..
 p-value = ………..
statistical conclusion: …………………………
conclusion in context: 	
	
	
	
	
Exercise
Use the calculator to perform this -test:
Step 1 Put the observed values in a matrix (not the totals!)
MATRIX —> EDIT —> 1:[A] —> fill in 5 x2 ENTER —> fill in the observed values Step 2 Calculate the expected values. See above.
Step 3 Put the expected values in a matrix (matrix [B])
Step 4 Perform the test: STAT —> TESTS —> C:-Test —> Observed:[A]  Expected: [B]  —> Calculate
Step 5 Report the value of the  statistic and the value of df; here df = 4, -value = .0146
And as always: report the statistical conclusion and the conclusion in the context (but you did this already)
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