Confidence Intervals and Hypothesis testing Regarding the Population Mean μ 
(σ Known/Unknown)

Assumptions

· We have a simple random sample

· The population is normally distributed or the sample size, n, is large (n > 30)

The procedure is robust, which means that minor departures from normality will not adversely affect the results of the test. However, for small samples, if the data have outliers, the procedure should not be used.

Use normal probability plots to assess normality and box plots to check for outliers.

A normal probability plot plots observed data versus normal scores. If the normal probability plot is roughly linear and all the data lie within the bounds provided by the software, then we have reason to believe the data come from a population that is approximately normal.
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Problem (1) Acid Rain (page 540 – Sullivan)
In 1990, the mean pH level of the rain in Pierce County, Washington, was 5.03. A biologist claims that the acidity of the rain has increased. (This would mean that the pH level of the rain has decreased.) From a random sample of 19 rain dates in 2000, she obtains the data shown below. Assume that σ = 0.2.

a) Construct a 98% confidence interval estimate for the mean pH levels of rain in that area for the year 2000. 
b) Test the hypothesis at the 1% significance level. 


5.08, 4.66, 4.7, 4.87, 4.78, 5.00, 4.50, 4.73, 4.79, 4.65, 



4.91, 5.07, 5.03, 4.78, 4.77, 4.6, 4.73, 5.05, 4.7



Source: National Atmospheric Deposition Program

First – Verify assumptions
Because the sample size is small, we must verify that the pH level is normally distributed and the sample does not contain any outliers. Construct a normal probability plot and a boxplot in order to observe if the conditions for testing the hypothesis are satisfied. 

Second – To construct the 98% CI, press STAT, arrow to TESTS, select 8:ZInterval
Third – To test the hypothesis, press STAT, arrow to TESTS, select 1:ZTest
Solution to problem (1)
First - Verify assumptions

Because the sample size is small, we must verify that pH level is normally distributed and the sample does not contain any outliers. Construct a normal probability plot and a boxplot in order to observe if the conditions for testing the hypothesis are satisfied. 

Enter the data in L1 (press STAT, select Edit) of the calculator and open two plots, one with a modified box plot (the fourth icon) and another with the normal probability plot, which is the last icon type in the 2nd Y= [STAT PLOT] window. 
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Second – To construct the 98% CI, press STAT, arrow to TESTS.

Since we know σ, we select 7:ZInterval, Data option
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If you have been given summary statistics instead of the actual data, use the Stats option
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Third – To test the hypothesis, press STAT, arrow to TESTS, 

Since we know σ, we select 1:ZTest
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If you have been given summary statistics instead, use the Stats option
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Solutions to problem 1 in the case when σ is not known

It is not very realistic to know the standard deviation of the population; in that case, we have to use the t-distribution. Assume that in the last problem, sigma was not given.
In this case we should select 8:TInterval
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For the hypothesis testing we should select 2:T-Test
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Problem (2) Filling Bottles
A certain brand of apple juice is supposed to have 64 ounces of juice. Because the filling machine is not precise, the exact amount of juice varies from bottle to bottle. The quality control manager wishes to verify that the mean amount of juice in each bottle is 64 ounces, so she can be sure that the machine is not over- or under-filling. She randomly samples 22 bottles of juice and measures the content. She obtains the following data:

63.97,    63.87,    64.03,    63.95,    63.95,    64.02,    64.01,    63.90,    64.00,    64.01,    63.92, 

63.94,    63.90,    64.05,    63.90,    64.01,    63.91,    63.92,    63.93,    63.97,    63.93,    63.98

a) Because the sample size is small, we must verify that the distribution of volumes is normally distributed and the sample does not contain any outliers. Construct a normal probability plot and a boxplot in order to observe if the conditions for testing the hypothesis are satisfied. 
b) Construct a 90% confidence interval estimate for the mean volume of all 64 ounces bottles of that brand of apple juice. Is the interval suggesting that the machine needs to be recalibrated?
c) Test the hypothesis at the 10% level of significance. 

d) Should the assembly line be shut down so that the machine can be recalibrated? 

Confidence Intervals and Hypothesis Testing Regarding the Population Proportion 

 SHAPE  \* MERGEFORMAT 



Assumptions

· The sample is a simple random sample. (SRS)

· The conditions for a binomial distribution are satisfied by the sample. That is: there are a fixed number of trials, the trials are independent, there are two categories of outcomes, and the probabilities remain constant for each trial. A “trial” would be the examination of each sample element to see which of the two possibilities it is.

· The normal distribution can be used to approximate the distribution of sample proportions because np ≥ 5 and n(1 – p) ≥ 5 are both satisfied.


Technically, many times the trials are not independent, but they can be treated as if they were independent if n ≤ 0.05 N (the sample size is no more than 5% of the population size)

Problem (3) – Side effects of Lipitor

The drug Lipitor is meant to reduce total cholesterol and LDL-cholesterol. In clinical trials, 19 out of 863 patients taking 10 mg of Lipitor daily complained of flu-like symptoms. Suppose that it is known that 1.9% of patients taking competing drugs complain of flu-like symptoms. 
a) Construct a 98% confidence interval estimate for the proportion of all patients who experience flu-like symptoms when taking 10 mg Lipitor daily. 
b) Is there significant evidence to support the claim that more than 1.9% of Lipitor users experience flu-like symptoms as a side effect at the α = 0.01 level of significance?

c) Are the results of the confidence interval consistent with the results of the hypothesis testing?

First – Verify assumptions
Second – To construct the confidence interval, press STAT, arrow to TESTS, select A:1-PropZInt

Third – To test the hypothesis, press STAT, arrow to TESTS, select 5:1-PropZTest 

Solution to problem (3) 
First – Verify assumptions

Second – To construct the confidence interval, press STAT, arrow to TESTS, select A:1-PropZInt
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Third – To test the hypothesis, press STAT, arrow to TESTS, select 5:1-PropZTest 
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Notice that it is possible that in some cases the p-value method may yield a different conclusion than the confidence interval method. This is due to the fact that when constructing confidence intervals, we use an estimated standard deviation based on the sample proportion p-hat.

If we are testing claims about proportions, it is recommended to use the p-value method or the traditional method. 

Problem (4): Side Effects of Prevnar

The drug Prevnar is a vaccine meant to prevent meningitis. (It also helps control ear infections.) It is typically administered to infants. In clinical trials, the vaccine was administered to 710 randomly sampled infants between 12 and 15 months of age. Of the 710 infants, 121 experienced a decrease in appetite. A) Is there a significant evidence to conclude that the proportion of infants who receive Prevnar and experience a decrease in appetite is different from 0.135, the proportion of children who experience a decrease in appetite in competing medications? Test at the 1% significance level. 

b) Construct a 99% confidence interval estimate for the proportion of children who receive Prevnar and experience a decrease in appetite. Are the results consistent with the results of the hypothesis test?

 Calculations for problem 2
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Calculations for problem (4) 
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Confidence Intervals and Hypothesis Testing

Interpreting Results 
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1) A research meteorologist has been studying wind patterns over the Pacific Ocean.

Based on these studies, a new route is proposed for commercial airlines going from San Francisco to Honolulu. The new route is intended to take advantage of existing wind patterns to reduce flying time.

Assume that flying times between the two cities are normally distributed with a mean of 5.25 hours and standard deviation 0.6 hours. Thirty six flights on the new route have yielded a mean flying time of 4.90 hours. Does this indicate that the average flying time for the new route is less than 5.25 hours?
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2) Construct the 99% confidence interval estimate for the mean flying time on the new route. Is this an indication that the average flying time for the new route is less than 5.25 hours?
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3) How does the problem change if the mean flying time of the thirty six flights selected on the new route is 5.1 hours?
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4) Now construct the 90% confidence interval estimate for the mean flying time on the new route. Comment on the results.
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5) A machine makes twist-off caps for bottles. The machine is adjusted to make caps of diameter 1.85 cm. Production records show that when the machine is so adjusted, it will make caps with mean diameters 1.85 cm and with standard deviation 0.05 cm. During production, an inspector checks the diameters of caps to see if the machine has slipped out of adjustment. A random sample of 64 caps is taken. If the mean diameter for this sample is 1.87 cm, does this indicate that the machine has slipped out of adjustment and the average diameter of caps is no longer 1.85 cm? Use a 1% significance level. Does the machine need an adjustment?
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6) Now construct a 99% confidence interval estimate for the mean diameter of the twist-off caps. Are the results consistent with the hypothesis testing results?
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7) A credit card company lowered its annual interest rate by 1%.Records from before the rate change showed the average outstanding balance on credit card accounts to be $576. The managers believe that reducing interest rates spurs greater use of credit cards, which results in higher outstanding balances. To test this claim, a random sample of 36 accounts was examined 6 months after the interest rate reduction. The average outstanding balance was $615 with standard deviation of $120. Test the manager’s claim at the 0.05 and 0.01 levels of significance.
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8) What is a good estimate for the mean outstanding balance 6 months after the interest rate reduction?

Use a 90% and a 98% confidence levels. 
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