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[bookmark: proportion-z-tests-a-different-approach]Proportion Z-tests, a different approach
There is a different approach possible for two-sided proportion z-tests, both for one sample and two samples proportions tests, which leads to the same conclusion. The advantage of this approach is, that it can be generalized in case of more than two groups.
[bookmark: one-proportion-z-test]One proportion z-test
Example
Test whether the proportion of employees who agree with a new company policy differs from 0.60. The company has more than 20,000 employees.
Data from a random sample of all employees:
n = 50, number that agrees with the new policy is 35.
With p the proportion of all employees that agree, the hypotheses to test are:
H0: p = 0.60
HA: p  0.60
Conditions to perform a one-sample z proportion test: 
(1) random sample: yes
(2) 10% condition; yes, 50 < 10% x 20,000
(3) LC condition, yes number of successes (35) and number of failures (15) are both > 10
Result of one-proportion z-test (using calculator, please check): z = 1.443, p-value = 0.149; 
failed to reject H0.
No convincing evidence that proportion of agree’s differs from 0.60.
Alternative Approach: chi-square goodness of fit test
H0: p = 0.60
HA: p  0.60
Conditions: as above.
Make a table with observed frequencies (Fobs) for each group and expected frequencies (Fexp) if H0 is true.
Calculate the test statistic chi-square:  = 
Table 1
Observed and Expected Frequencies
	
	Fobs
	Fexp
	Fobs - Fexp
	

	Successes
	35
	30
	5
	25/30 = 0.833

	Failures
	15
	20
	-5
	25/20 = 1.25

	Total
	50
	50
	
	2.083


The chi-square value (2.083) measures the distance between observed and expected values under the H0 hypotheses, as does the z-value in the one-sample proportion z-test.
The distribution of possible chi-square values if the H0-hypothesis is true is known; it is a so called chi-square distribution with df = 1.  
Check that the chi-square value in this case is the z-value, calculated above, squared. 
As in the one-sample proportion z-test, the probability of a chi-square value as found, or even more extreme can be calculated. This is the p-value of the test.
In this case: P-value = 0.149
This value can be found on the calculator:
DIST —> 8 cdf —> lower: 2.083, upper: 1 E99, df: 1
Exercise
(i) Use the one sample z-proportion test to perform this test:
H0: p = 0.4
HA: p  0.4
 = 0.05
Sample data: n = 80, x = 25
1. Use the chi-square goodness of fit test (GOF test) to perform the same test.
1. Check that the chi-square value in part two equals the squared z-value from part (i) and that the P-value is the same in part (i) and part (ii).
The advantage of a  GOF test
The advantage of a  GOF test is, that it can be generalized to a situation in which we have a population which is, by a categorical variable, divided in more than two groups and we want to test whether the distribution over the categories differs from an assumed distribution.
Example
At a large supermarket chain three types of coffee are sold: A, B, C.
The management wants to know if the distribution of the sales is uniform or not.
Therefore an SRS is taken with n = 60 customers who bought coffee. In the SRS 15 customers bought brand A, 18 brand B and the others brand C.
To test if the results from this sample differ significantly from an uniform distribution a chi-square goodness of fit test can be used.
H0: the distribution of the sales is 1/3 brand A, 1/3 brand B, 1/3 brand C
HA: the distribution of the sales is not 1/3 brand A, 1/3 brand B, 1/3 brand C
 =0.05
Or, where pA is the proportion of coffee buyers that chooses brand A; pB and pC accordingly:
H0: pA = 1/3; pB = 1/3; pC = 1/3
HA: the distribution differs from pA = 1/3; pB = 1/3; pC = 1/3
To test whether to reject H0 or not reject H0 the test statistic  is used: , where the Fobs’s are the observed values and the Fexp’s are the expected values given H0.
Fill in the missing values.
	Brand
	H0 dist
	Fobs
	Fexp
	

	A
	1/3
	
	
	

	B
	1/3
	
	
	

	C
	1/3
	
	
	

	
	
	60
	
	


The value  = 3.90 is the sample value of the test statistic.
If H0 is true the  test statistic has a chi-squared distribution with
df = number of categories - 1, so in this case df = 2.
The P-value = P( > 3.90) = ………………………                     (use your calculator).

Exercise
Book 11-2, 11-4 and 11-6 (these exercises concern the same case)
Study 
p. 692, Section 11.1 Summary
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