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Chapter 9 Take Home
1.
A contract between a manufacturer and a consumer of light bulbs specifies that the mean lifetime of the bulbs must be at least 1000 hours. As part of the quality assurance program, the manufacturer will institute an inspection program for each day's production of 10,000 units. An ordinary testing procedure is difficult since 1000 hours is over 41 days! Since the lifetime of a bulb decreases as the voltage applied increases, a common procedure is to perform an accelerated lifetime test in which the bulbs are lit using 400 volts (compared to the usual 110 volts). At such a voltage, a 1000-hour bulb is expected to last only 3 hours. This is a well-known procedure, and both sides have agreed that the results from the accelerated test will be a valid indicator of lifetime of the bulb.  

The manufacturer will test the hypotheses [image: image1.wmf] at the  = 0.01 level with an SRS of 100 bulbs.

(a) Describe what a Type I error would be in this context.

(b) Describe what a Type II error would be in this context.

(c) Which error—Type I or Type II—is likely to do more damage to the manufacturer’s relationship with the consumer?  Explain.

(d) The manufacturer determines that the power of this test (when  = 0.01) against the alternative [image: image2.wmf]is 0.42.  Explain what this means in context.

(e) Describe two ways the manufacturer can increase the power of this test.

2.
The Environmental Protection Agency has determined that safe drinking water should contain no more than 1.3 mg/liter of copper.  You are testing water from a new source, and take 30 water samples.  The mean copper content in your samples is 1.36 mg/l and the standard deviation is 0.18 mg/l.  There do not appear to be any outliers in your data.

(a) Do these samples provide convincing evidence at the  = 0.05 level that the water from this source contains unsafe levels of copper?   Justify your answer.

(b) How would your conclusion change if your sample mean had been 1.355 mg/l?  What point does this make about statistical significance?

3.
Tai Chi is often recommended as a way in improve balance and flexibility in the elderly.  Below are before-and-after flexibility ratings (on a 1 to 10 scale, 10 being most flexible) for 8 men in their 80’s who took Tai Chi lessons for six months.

	Subject
	A
	B
	C
	D
	E
	F
	G
	H

	Flexibility rating after Tai Chi
	2
	4
	3
	3
	3
	4
	5
	10

	Flexibility rating before Tai Chi
	1
	2
	1
	2
	1
	4
	2
	6


Do these paired data adequately meet the Normality condition for a t-procedure?  Justify your answer.

4. Suppose you weigh an SRS of bread loaves and find that the mean weight is 1.025 pounds, which yields a P-value of 0.086.
(a) Define the parameter of interest and write the appropriate null and alternative hypotheses for the test that is described.  The mean weight of loaves of bread produced at the bakery where you work is supposed to be one pound. You are the supervisor of quality control at the bakery, and you are concerned that new personnel are producing loaves that have a mean weight of more than one pound.

(b) Interpret the P-value in the context of the problem.

(c) What conclusion would you draw at the  = 0.05 level?  At the  = 0.10 level?

5.
Eleven percent of the products produced by an industrial process over the past several months have failed to conform to specifications.  The company modifies the process in an attempt to reduce the rate of nonconformities.  In a random sample of 300 items from a trial run, the modified process producess16 nonconforming item.   Do these results provide convincing evidence that the modification is effective?  Support your conclusion with a test of significance.

6.
The germination rate of seeds is defined as the proportion of seeds that , when properly planted and watered, sprout and grow.  A certain variety of grass seed usually has a germination rate of 0.80, and a company wants to see if spraying the seeds with a chemical that is known to change germination rates in other species will change the germination rate of this grass species.   They spray 400 seeds with the chemical, and 307 of the seeds germinate.  This produces a 95% confidence interval for the proportion of seeds that germinate of (0.726, 0.809).

 (a) Suppose the company conducted a test of [image: image3.wmf]against the alternative [image: image4.wmf], using  = 0.05.  Use the confidence interval to determine whether this test would reject or fail to reject the null hypothesis.  Explain your reasoning.

(b) Find the P-value for the test described in part (a).  You do not need to present a complete significance test. Explain what the P-value measures in the context of the problem.

7.
A consumer advocacy group tests the mean vitamin C content of 50 different brands of bottled juices using, in each case, a t-test of significance in which the null hypothesis is the mean amount of vitamin C that is on the nutrition facts label for that brand of juice.  They find that two of the 50 juice brands have statistically significantly lower Vitamin C than claimed at the  = 0.05 level.  

(a) In the context of this study, what does “statistically significant” mean?

(b) Is this an important discovery?  Explain.

8.
Economists often track employment trends by measuring the proportion of people who are “underemployed,” meaning they are either unemployed or would like to work full time but are only working part-time.  In the summer of 2010, 18.5% of Americans were “underemployed.”   The mayor of Thicksburg wants to show the voters that the situation is not as bad in his town as it is in the rest of the country.  His staff takes a simple random sample of 300 Thicksburg residents and finds that 48 of them are underemployed.  

(a) Do the data give convincing evidence that the proportion of underemployed in Thicksburg is lower than elsewhere in the country?  Support your answer with a significance test.

(b) Interpret the P-value from your test in the context of the problem.

9.
When the manufacturing process is working properly, NeverReady batteries have lifetimes that follow a slightly right-skewed distribution with [image: image5.wmf]hours.  A quality control supervisor selects a simple random sample of n batteries every hour and measures the lifetime of each.  If she is convinced that the mean lifetime of all batteries produced that hour is less than 7 hours at the 5% significance level, then all those batteries are discarded.

(a)  Define the parameter of interest and state appropriate hypotheses for the quality control supervisor to test.

(b)  Since testing the lifetime of a battery requires draining the battery completely, the supervisor wants to sample as few batteries as possible from each hour’s production.  She is considering a sample size of n = 4.  Explain why this sample size may lead to problems in carrying out the significance test from (a).

(c)  Describe a Type I and a Type II error in this situation and the consequences of each.

(d)The quality control officer is considering changing the significance level of the test to 1%.  Discuss the impact this might have on error probabilities and the power of the test, and describe the practical consequences of this change.
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Answer Section
SHORT ANSWER

1.
ANS:


(a) Type I error: concluding that the mean lifespan of bulbs is less than 3 hours when it is (at least) 3 hours.   

(b) Type II error: not concluding that the mean lifespan of the bulbs is less than 3 hours when it is.  

(c)  A Type II error is probably more problematic, since it means the consumer would be purchasing bulbs that don’t last as long as promised.  

(d)  Power = 0.42 measures the probability of correctly rejecting the null hypothesis and concluding that the true mean life span is below 3 hours when it is in fact 2.8 hours.  

(e)  Increase power by increasing sample size or increasing the significance level.

PTS:
1
REF:
Quiz 9.1A
TOP:
Significance Tests: The Basics


2.
ANS:


(a) State:  We wish to test[image: image6.wmf], where  = mean copper level in all possible water samples from the new source, in mg/liter.  We are using a significance level of  = 0.05.  Plan:  The procedure is a one-sample t-test for a mean.  Conditions:  Random: We will have to assume that the 30 water samples can be viewed as an SRS of water from the source.  Normal: n=30 is large enough as long as there are no outliers in the sample.  We are told there are no outliers, so it seems safe to proceed. Independent:  We assume the water samples are independent.  Do:  [image: image7.wmf]; df = 29; P-value = 0.0391.  Conclude: A P-value of 0.0391 is less than  = 0.05, so we reject H0 and conclude that there is convincing evidence that the new water source contains unsafe levels of copper.  

(b)  If [image: image8.wmf], then [image: image9.wmf]; df = 29; P-value = 0.0525, and we would fail to reject H0.  This points out that it may not be wise to attach to much importance to statistical significance, since a small change in mean copper level can change our statistical conclusion.
PTS:
1
REF:
Quiz 9.3A
TOP:
Tests about a Population Mean


3.
ANS:


For paired data, we want the differences to support the assumption that the underlying population of differences is approximately Normal.  A dot plot of the differences (shown in the solutions for #3, Quiz 9.3A on the TPS4 website or in the TRB) shows no outliers or evidence of strong skewness, so these data meet the Normality condition.

PTS:
1
REF:
Quiz 9.3A
TOP:
Tests about a Population Mean


4.
ANS:


(a)   = true mean weight of all loaves of bread produced at the bakery.  [image: image10.wmf].

(b)  If the true mean weight of bread loaves is 1 pound, the probability of getting a sample mean as large or larger than 1.025 pounds is 0.086.  

(c)  Fail to reject H0 at the  = 0.05 level, since the P-value is greater than : we do not have convincing evidence that the mean weight of bread loaves is greater than 1 pound.  Reject H0 at the  = 0.10 level, since the P-value is less than : we have convincing evidence that the mean weight of bread loaves is greater than 1 pound.

PTS:
1
REF:
Quiz 9.1A
TOP:
Significance Tests: The Basics


5.
ANS:


State:  We wish to test[image: image11.wmf], where p = the true proportion of nonconforming items.  We will use a significance level of  = 0.05.  Plan:  The procedure is a one-sample z-test for a proportion.  Conditions:  Random: A simple random sample of items was taken.  Normal: [image: image12.wmf] Independent: We must assume that whether one item conforms to specifications has no impact on whether the next one produced by the process conforms to specifications, and that the trial run consisted of at least [image: image13.wmf] items. 

Do:  [image: image14.wmf], so [image: image15.wmf]; P-value = 0.0008.  Conclude: A P-value of 0.0008 is less than  = 0.05, so we reject H0 and conclude that there is convincing evidence that the true proportion of nonconforming items is less than 0.11.

PTS:
1
REF:
Quiz 9.2A
TOP:
Tests about a Population Proportion


6.
ANS:


(a) Since the 95% confidence interval contains the null value of 0.8, we cannot reject H0 at the  = 0.05 level.  We do not have convincing evidence that the germination rate of the seeds was changed by the chemical spray.

(b)  [image: image16.wmf]  If the true germination rate is 0.80, the probability of getting a germination rate (in a sample this size) as far or farther from 0.8 as the rate in our sample is 0.1042.

PTS:
1
REF:
Quiz 9.2A
TOP:
Tests about a Population Proportion


7.
ANS:


(a)  Statistically significant means that the mean amount of vitamin C in a sample was far enough below the amount given on the label so that it was unlikely to be the result of sampling variability.  

(b) This is not noteworthy, because at a  = 0.05 level, we can expect to make a Type I error 5% of the time, so in 50 t-tests we can expect, on average, 0.05(50) = 2.5 significant results when all the null hypotheses are really true.  This is approximately what we found.

PTS:
1
REF:
Quiz 9.3A
TOP:
Tests about a Population Mean


8.
ANS:


(a)  State:  We wish to test[image: image17.wmf], where p = the true proportion of Thicksburg residents who are underemployed.  We will use a significance level of  = 0.05.  Plan:  The procedure is a one-sample z-test for a proportion.  Conditions:  Random:  The mayor’s staff took an SRS of 300 residents.  Normal: [image: image18.wmf] Independent:  Random selection ensures that individual observations are independent, and we can safely assume that there are more than [image: image19.wmf] residents of Thicksburg.   Do:  [image: image20.wmf], so [image: image21.wmf]; P-value = 0.1314.  Conclude: A P-value of 0.1314 is greater than  = 0.05, so we fail to reject H0: there is insufficient evidence to conclude that the proportion of Thicksburg residents who are underemployed is below the national proportion.  (b)  If the true proportion of underemployed residents is 0.185, the probability of getting a sample proportion of underemployed residents as far or farther below 0.185 as our sample is 0.1314.

PTS:
1
REF:
Test 9A


9.
ANS:


(a)   [image: image22.wmf], where  = the mean lifetime of batteries produced by this manufacturing process.  

(b) This sample size is too small for a population that is known to be right-skewed.  

(c)  Type I error:  Concluding that the mean lifetime is less than 7 hours when it is equal to (or more than) 7 hours.  The quality control supervisor would throw out good batteries.  Type II error:  Not concluding that the mean lifetime is less than 7 hours when it is.  The company will sell batteries that have a shorter lifetime than advertised.  

(d)  Lowering the significance level to 1% would decrease the probability of a Type I error, but increase the probability of a Type II error and decrease the power of the test.  This would increase the likelihood of selling batteries with a short lifetime but reduce the number of batteries that are discarded.

PTS:
1
REF:
Quiz 9A

