Activity: Handedness
(a) How many and what proportion of students in class today are left-handed?  

(b) Is this proportion a parameter or a statistic?  Explain.

(c) Use this sample information to construct a 95% confidence interval for the population proportion of left-handers.

(d) Are the technical conditions required for the validity of this procedure (
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) satisfied in this case?  Explain.
With small sample sizes, the conventional 
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 procedure for determining a confidence interval for a population proportion often fails.  You will investigate what this “failure” means through a simulation.  For now suppose that the sample size is n=10 and the population proportion is p=.2.  You will simulate a large number of random samples, generate the conventional confidence interval for each, and see what percentage of those intervals succeed in capturing the population proportion.
(e) Consider a sample size of n=10, and suppose that the population proportion is p=.2.  Simulate drawing 10,000 samples from this population:

MTB> random 10000 c1;

SUBC> binomial 10 .2.

Then use Minitab to calculate the point estimate 
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:

MTB> let c2=c1/10

MTB> name c1 'successes' c2 'p-hat'

(f) Now use Minitab to calculate a 95% confidence interval for p from each of these 10,000 simulated samples:

MTB> let c3=c2-1.96*sqrt(c2*(1-c2)/10)

MTB> let c4=c2+1.96*sqrt(c2*(1-c2)/10)

Then count how many of the 10,000 intervals succeed in capturing the actual value of p:

MTB> let c5=(c3<.2)&(c4>.2)

MTB> name c3 'lower' c4 'upper' c5 'inthere?'

MTB> tally c5

(g) What percentage of these 10,000 intervals succeed in capturing the actual value of p?  Is this close to 95%?  What does this reveal about how well the conventional CI procedure performs in this situation?

An alternative procedure has been proposed to compensate for the problems encountered by the conventional procedure.  The alternative, proposed by Agresti and Coull (1998), says to form a different point estimate of p by adding two successes and two failures to the sample data.  In other words, the new point estimator is 
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.  The confidence interval is then based on this new estimate: 
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before calculating the CI.  We remind students that the confidence level reveals the long-run proportion of times that the interval will succeed in capturing the actual value of the parameter and that we can therefore use simulation to compare different procedures by seeing which has a coverage rate closer to the nominal 95%.  We ask students to use Minitab to compare the performances of these two procedures.]

(h) Use Minitab to create a 95% confidence interval from each sample based on the alternative procedure.  First calculate 
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 in c6, and then follow the steps for c3-c5, but use 
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, and put the results in c7-c9.   What percentage of these 10,000 intervals succeed in capturing the actual value of p?  Is this close to 95%?  What does this reveal about how well the alternative CI procedure performs in this situation?

(i) Repeat your analysis for four different values for n (5, 10, 20, 50) and three different values for p (.1, .2, .5).  In each of these 12 cases:

· Simulate drawing 10,000 random samples from the appropriate binomial distribution

· Calculate the two point estimates of p for each sample

· Produce 95% confidence intervals for p from each sample, using both the conventional and alternative methods

· Determine the percentage of the 10,000 intervals that successfully capture the given value of p, for each of the two methods

[You can use copy/paste to save yourself from having to re-type commands, but be careful to make all of the necessary adjustments for the new values of n and p each time.] 

Create a table reporting these percentages.  Write a report about the results of your simulation analysis, commenting on situations in which the conventional method does not perform well and on how well the alternative procedure performs in those situations.
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