Activity #19: Confidence Intervals & the t-distribution

By the end of this activity, make sure you can both calculate and interpret confidence intervals.

Confidence intervals, in general, take the form: (Point Estimate) = (Critical Vaue)(Standad Error).
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1) Suppose we survey 1000 people and find 742 want to abolish the penny in the U.S. Create a 95% confidence interval for the true proportion of Americans who want to
abolish the penny.

2) If we want our 95% confidence interval to have a width of 1%, how large of a sample size would we need?

3) Record the number of hours you slept last night (you can use decimals): . Collect this data from the entire class and create a visual display of the data.

The sample mean number of hours slept =

The standard deviation = (is this a population standard deviation or a sample standard deviation?)



4) The confidence intervals we have used so far in this course have assumed that we know the value of ! , the population standard deviation. Since weOll rarely know this
parameter, weOll have to use the ample standard deviation.

VS. S =

Compare these two formulas. Which will provide a bigger standard deviation value?

One problem with this expression is that if the population mean ! is unknown an d needs to be estimated, itOs not likely that the population standard deviatiors would be known. A
natural solution is to simply replace o with its sample counterpart, s. If we used the sample standard deviation in place of the parameter to calculate a 95% confidence interval, we
would find (through simulation) that the procedure does not produce intervals that succeed in capturing ! 95% of the time.

This is because the sample standard deviation is larger than the population standard deviation (when computed from the same data set). Therefore, we need to adjust our
procedure to take this larger variation into account.

Instead of using the standard normal distribution (Z), we must use the StudentOs-tlistribution developed by William Gosset (1876-1937). Gossett was an employee of Guinness
Brewery who needed a distribution he could use with small samples (to find the best tasting beer). The brewery did not allow the publication of research results, so Gosset
published his results under the pseudonym Student.

A t-distribution looks very similar to the z-distribution with one difference Bthe t-distribution has fatter tails.

The statistic —M follows the StudentOs-tistribution with n-1 degrees of freedom (as long as the Central Limit Theorem holds).
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5) Suppose we take a random sample of n=5 from a normally distributed population. What are the degrees of freedom? What is the critical value for a 95% confidence
interval (use the table in your textbook)? How do these t critical values compare to the z critical values?

6) Construct a 90% confidence interval for the mean sleeping time last night for all St. Ambrose students. Report the interval and write a sentence or two interpreting it.

7) Count the proportion of the students in this class whose sleeping times fall within the 90% confidence interval. Is this close to 90%? Should it be? Explain..



8) A UFO Research Center conducted a project to study the 1Qs of individuals who have reported seeing UFOs. They sampled 25 subjects and found a sample mean IQ of
101.52 and a sample standard deviation of 10.04. Calculate a 90% confidence interval for !, t he mean 1Q of UFO observers

9) A UFO Research Center conducted a project to study the 1Qs of individuals who have reported seeing UFOs. They sampled 25 subjects and found a sample mean 1Q of
101.52 and a sample standard deviation of 10.04. Calculate a 90% confidence interval for !, the mean 1Q of UFO observers

10) Suppose you know that the average person has an IQ of 100. Based on your confidence interval, does it appear as though UFO observers have an unusually high or
low IQ? Explain.

11) A Harris poll interviewed a random sample of 1011 American adults between January 16-21, 2002. It found that 81% reported wearing a seat belt regularly. Create a
95% confidence interval for the proportion of the population who wear a seat belt regularly.



12) Suppose an alien lands on Earth, notices that there are two different sexes of the human species, and wants to estimate the proportion of all humans who are female. If
this alien were to use the members of the 2003 U.S. Senate as a sample from a population of human beings, it would have a sample of 14 women and 86 men. Use this
information to form a 95% confidence interval for the actual proportion of females on Earth.

13) Explain why the confidence interval procedure failed to produce an accurate estimate of the population parameter in this situation.

QUESTIONS:

A) A machine fills cups with margarine. The machine is supposed to be adjusted so that the cups are filled with 250 grams of margarine, but it isnOt pssible to fill every cup

with exactly 250 grams. You sample 25 cups and find they are filled with an average of 246 grams of margarine (with a standard deviation of 2.5 grams). Find a 95% and
an 86% confidence interval for the average weight of all cups.

B) A researcher wants to estimate the proportion of X-ray machines that malfunction and produce excess radiation. A random sample of 40 machines is taken and 12 of the
machines malfunction. Compute a 99% confidence interval for the proportion of machines that malfunction in the population.



