13.4:  Testing the Difference Between Two Population Proportions
Ex.  Is there a link between television violence and aggressive behavior by those who watch T.V.?  A recent study considered whether greater levels of TV watching by teenagers were associated with a greater likelihood of committing aggressive acts over the years.  707 families were randomly sampled in New York and follow-up observations were made over 17 years.  The following table describes the results of whether a sampled teenager later conducted any aggressive act against another person.
	TV Watching
	Aggressive Act
	No Aggressive Act
	Total

	< 1 hr/day
	5
	83
	88
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 1 hr/day
	154
	465
	619


Test the claim that at the 
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 = 0.05 significance level there is a difference in aggressive behavior between teenagers who watch a high level of TV compared to those who don’t.  

*Let 
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p

 = population proportion committing aggressive acts  

                for low levels of TV watching.  

*Let  
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p

 = population proportion committing aggressive                    

                 acts for higher levels of TV watching.  

1. Determine the Null and Alternative Hypotheses
H0:  
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p

 - 
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p

= 0  (There is no difference in the aggressive 
          behavior of the two groups)

Ha:  
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 -  
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p
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 0   (There is a difference in the aggressive 
    behavior of the two groups)

2. Verify Necessary Data Conditions
*Independent samples are available from the two populations

*The number with the trait or response of interest and the number without the trait or response of interest is at least 5 in each sample, and preferably at least 10.  

All data conditions are met since the samples were independent random samples and each count is at least 5.

Summarize the Data into an Appropriate Test Statistic  
z = 
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Where,  
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*For Our Data:
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= 5/88  = 0.0568
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= 154/619 = 0.249 
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 = -4.04
3. Assuming the Null Hypothesis is True, Find the p-Value

*Use the Standard Normal Curve.
For Ha:  
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 (a one-sided test), the p-value is the area 

                             
    above z, even if z is negative. 
For Ha:  
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 (a one-sided test), the p-value is the area 
          below z, even if z is positive. 

For Ha:  
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 (a two-sided test), the p-value is 2 x area 

                                     above |z|.

Since our Alternative is two-sided and our z-statistic is -4.04, we estimate p by taking 2 x area to the right of |z| = |-4.04| = 4.04.

p-value = 2 x (1 – 0.9999) = 2 x 0.0001 = 0.0002
4. Decide whether the result is statistically significant.  

Since 0.0002 < 0.05   This implies   p < 
[image: image25.wmf]a


Therefore, we reject the null in favor of the alternative and conclude the result is statistically significant

5. Make a Conclusion in the Context of the Situation
We conclude that the population proportion of aggressive acts differ for the two groups.  The sample values suggest that the population proportion is higher for the higher level of TV watching.  

Note:  Since there are too many confounding variables in this observational study there is not enough evidence to make a cause and effect conclusion.  So we do not conclude watching TV causes more aggressive behavior.  
The Relationship Between Significance Tests and Confidence Intervals
Two-Sided Alternatives:
When testing one population mean or the difference in two population means with a two-sided test; there is a precise correspondence between confidence intervals and the result of a significance test.

1. If your null value is covered by a (1 - 
[image: image26.wmf]a

 ) 100% C. I. the null hypothesis is not rejected and the test is not statistically significant at the 
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 level.  

Ex.  If you are testing the difference in two population means at the 
[image: image28.wmf]a

 = 0.01 significance level you could first construct a (1- 0.01)100% or 99% Confidence Interval.  If this 99% C.I.  is      (-1.23, 3.4) it covers the null value (0).  Therefore, the null hypothesis is not rejected and the test is not statistically significant at the 0.01 level.  

2. If the null value is not covered by a (1 - 
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) 100% C.I., the null hypothesis is rejected and the test is statistically significant at the level 
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.  

Ex.  If you are testing the claim that 
[image: image31.wmf]5
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 is the mean HONC scores of Mississippi smokers at the 
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 = 0.10 level, you could construct a 90% C.I. to help make your conclusion.  If this C.I. is:  (46.3, 50.7), the null value of 43.5 is not covered in the C.I. and we can conclude that we reject the null in favor of the alternative and the test is statistically significant at the 0.10 level.  
**These properties also hold for one or two proportions the majority of the time.  (The only exception being when the null value is close to one of the boundaries of the C.I.)  
What about One-Sided Alternatives?
First Construct a (1 - 2
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) 100% C.I..  

1) If the null value is covered by the interval, the test is not statistically significant at the 
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 level and we fail to reject the null hypothesis.  

2) For the   Ha:  Parameter > Null Value, the test is statistically significant at the 
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 level if the entire interval falls above the null value.

3) For the  Ha:  Parameter < Null Value, the test is statistically significant at the 
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 level if the entire interval falls below the null value.  

Ex.  You want to test a claim with an alternative of Ha:  
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 > 35 at the 
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 = 0.01 level.  You first construct a 98% C.I. which is: (37, 42.4).  Since the entire interval falls above the null value of 35, we would reject the null in favor of the alternative and claim statistical significance.  
Type I and II Errors:
Four Outcomes of a Hypothesis Test:





                         REALITY

	
	Ho is True
	Ha is True

	Do Not Reject Ho
	Correct Conclusion
	Type II Error

	Reject Ho
	Type I Error
	Correct Conclusion


*Recall that the probability of a Type I error is just the level of significance, 
[image: image39.wmf]a

.
3 Factors that affect the probability of making a Type II error.

1) The sample size.  Increases n, will decrease the probability that you make a Type II error.  (Probability of a Type I Error will remain the same).

2) The Level of Significance used for the test.  The larger you make your significance level 
[image: image40.wmf]a

, the smaller the probability that you will make a Type 2 Error.  However, realize that this will increase the probability of a Type I error.

3) The actual value of the population parameter (not in your control).  The farther the truth falls from the null value, the lower the probability of making a Type II error.  (Probability of a Type I error will remain the same).  

Power:  The probability of making the correct decision when the alternative hypothesis is true.  

(The Reverse of a Type II Error).  

*So when the probability of making a Type II error increases, the power will decrease and vice-versa.  

*Therefore, when the sample size is increased the Probability of a Type II error goes down and the power goes up.  
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