Chapter 11: Testing a Claim
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11.1 Significance Tests: The Basics

11.2 Carrying Out Significance Tests

1. What is a null hypothesis?

2. What is an alternative hypothesis?

3. In statistics, what is meant by a P-value?

4. If a P-value is small, what do we conclude about the null hypothesis?

5. If a P-value is large, what do we conclude about the null hypothesis?

6. How small should a P-value be in order to claim that a result is statistically significant?

7. Explain the difference between a one-sided alternative hypothesis and a two-sided alternative hypothesis.

8. What does the test statistic estimate?

9. What is meant by significance level?

10. Why is the standard deviation 
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 rather than 
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?

11. What are the required assumptions for a Z-Test?

12. What are the 4 steps to test a claim?

11. 3 Use and Abuse of Tests

11.4 Inference as Decision

1. Significance tests are not always valid. What are some factors that can invalidate a test?

2. Explain the difference between a Type I error and a Type II error.

3. What is the relationship between the significance level 
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 and the probability of a Type I error?

4. What is the relationship between 
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 and 
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?
5. What is the relationship between the probability of a Type I error and the probability of a type II error?

6. How can the Power of a Test be increased?
7. How are confidence intervals related to significance tests?

Problems:

1. Here are measurements (in millimeters) of a critical dimension for a random sample of 16 auto engine crankshafts:


224.120
224.001
224.017
223.982
223.989
223.961 
223.960
224.089
223.987
223.976
223.902
223.980 
224.098
224.057
223.913
223.999

The data come from a production process that is known to have standard deviation 
[image: image7.wmf]s

 = 0.060 mm. The process mean is supposed to be 
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 = 224 mm but can drift away from this target during production.  Is there sufficient evidence to conclude that the mean dimension is not 224 mm? Give appropriate statistical evidence to support your conclusion.
2. The time needed for college students to complete a certain paper-and-pencil maze follows a Normal distribution with mean 30 seconds and standard deviation 3 seconds.  You wish to see if the mean time 
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 is changed by vigorous exercise, so you have a randomly selected group of 9 students from a particular college exercise vigorously for 30 minutes and then complete the maze.  It takes them an average of 
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seconds to complete the maze. Is there sufficient evidence to conclude that students from this college are slower than average?
3. In the past, the mean score of the seniors at South High on the American College Testing (ACT) college entrance examination has been 20. This year a special preparation course is offered, and all 53 seniors planning to take the ACT test enroll in the course. The mean of their 53 ACT scores is 22.1. The principal believes that the new course has improved the students’ ACT scores. Assume that ACT scores for seniors at South High vary Normally with standard deviation 6. Is there sufficient evidence to conclude that student ACT scores have increased?
4. More than 200,000 people worldwide take the GMAT examination each year as they apply for MBA programs. Their scores vary Normally with mean about 
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 = 525 and standard deviation about 
[image: image12.wmf]s

 = 100. One hundred students go through a rigorous training program designed to raise their GMAT scores. Use an 
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a)
If the students’ average score is 
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, perform a significance test to determine whether there is evidence that the training program improves students’ GMAT scores. Assume that 
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 = 100 for students who participate in the training program. 

b)
Now suppose that the average score had been 
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. Would this change your conclusion to the previous question? Give appropriate statistical evidence to support your conclusion.

c)
Taking Questions 1 and 2 together, what point is being made about statistical significance? Explain.

5. 
Many suppliers use inspection procedures for quality control. For example, a contract between a manufacturer and a consumer for light bulbs may specify 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 will last (on average) 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 proposes the following procedure: 


Hypotheses:
H0: µaccelerated = 3




Ha: µaccelerated < 3


Sample 100 bulbs at random per day.


Reject all lots whose P-value of the test-statistic is less than 0.05.


In other words, the manufacturer will ship a day’s production unless the null hypothesis is rejected. 

a) Describe a Type I and a Type II error in this setting.  What are the consequences associated with each type of error? 
b) Explain clearly two different things that could be done to increase the power of the proposed test procedure.

Key Vocabulary:





Confidence level


null hypothesis				Z-Test


alternative hypothesis				z-test statistic


P-value					Type I error


Statistically significant			Type II error


test statistic					Power


significance level
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