Chapter 22 – Test on Single Population Proportions

[bookmark: _GoBack]So far we have made confidence intervals and done hypothesis tests for means of quantitative variables.  We will now look at categorical variables.  In chapters 22 and 23 we will be interested in proportions.

Sampling Distribution of a Sample Proportion
 
If  is the number of successes in  trials, then  has a binomial distribution provided that the population is much larger than  so that the number of successes in successive trials are independent.  The population needs to be 10 times larger than the sample size.  However, the proportion of successes in a sample,  , does not have a binomial distribution.  For large samples, the number of successes,  is approximately normal with  and .  

For proportions, recall the Central Limit Theorem:

The sampling distribution of proportions  in a sample size of  is 

· Approximately normal for 
· Mean is  the population proportion
· Standard error is   where  is the population proportion

Assume:   and  and  to make these approximations.  In other words, the sample size must be large enough and   cannot be too small or too close to 1.  

Hypothesis Tests and Confidence Intervals

The form for  and  are as follows:

 and  or  or  where  is a hypothesized value (a number between 0 and 1).

For Large sample size, use z test statistic,  and follow the 4 steps used for hypothesis testing.

The Large – Sample confidence interval for a population proportion is  and the standard error .  This is used when 







	
	


EXAMPLE:   Estimating risky behavior 
The four-step process for any confidence interval is outlined on page 366.
STATE: The National AIDS Behavioral Surveys found that 170 of a sample of 2673 adult heterosexuals had multiple partners. That is,
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What can we say about the population of all adult heterosexuals?
PLAN: We will give a 99% confidence interval to estimate the proportion p of all adult heterosexuals who have multiple partners.
SOLVE: First verify the conditions for inference:
· The sampling design was a complex stratified sample, and the survey used inference procedures for that design. The overall effect is close to an SRS, however.
· The sample is large enough: the numbers of successes (170) and failures (2503) in the sample are both much larger than 15.
The sample size condition is easily satisfied. The condition that the sample be an SRS is only approximately met.
A 99% confidence interval for the proportion p of all adult heterosexuals with multiple partners uses the standard Normal critical value z* = 2.576. This value can be found using  on your calculator. Be sure to think about what value you would use for the area (probability).  The confidence interval is
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CONCLUDE: We are 99% confident that the percent of adult heterosexuals who have had more than one sexual partner in the past year lies between about 5.1% and 7.6%.

Example:  Testing the Malaria Vaccine

During the Mozambique trial of the potential malaria vaccine,[footnoteRef:1] the effect of the drug was measured on: [1:  “Efficacy of the RTS,S/AS202A vaccine against Plasmodium falciparum infection and disease in young African children: randomized controlled trial” by P. Alonso et al, The Lancet, Oct 16, 2004. ] 

· The number of children infected
· The length of time until infection
A. Without the malaria vaccine, the rate of severe malaria infection in the area of the study was 34.9 children per 1000, which gives a population proportion of 0.0349. 745 children were given the drug and 11 got severe malaria during the course of the study. Does this data suggest that the drug reduces the rate of severe malaria infections?  

B. Find a 95% confidence interval for p. You can use 1 Prop Int on calculator
Note that 34.9/1000 = 0.0349 = 3.49%. This is the infection rate for the untreated population.
Let  be the proportion of treated children in the population who get sick if we treated all of them.

Solution: this can be done using the 1 – proportion  test on calculator
Step 1:
What is the null hypothesis?    (we assume that the drug does nothing)
What is the alternative hypothesis?  (the drug will reduce the number of cases)
Step 2:
Find  and the  test statistic

 (Note:  use 0.349 when calculating SE because assuming that null hypothesis is true).  By Central Limit Theorem,  is normally distributed (rather than having a  distribution) so we calculate  score.

 

Step 3:

The  value is approximately 0.001374 (or 0.14%).  This was found using calculator (1-Prop  test)

Step 4:  

If the null hypothesis was true is unlikely we would see an infection rate as low as  so we conclude that the null hypothesis is mostly likely not true.  So we reject the null hypothesis and conclude that the drug will reduce the number of cases.  

This is the kind of evidence that the FDA is looking for before authorizing a drug.
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