554 CHAPTER 23 Inferences About Means

EXERCISES

1. t-models, part I. Using the ¢ tables, software, or a
calculator, estimate
a) the critical value of t for a 90% confidence interval

with df = 17.
b) the critical value of f for a 98% confidence interval
with df = 88.

c) the P-value for t = 2.09 with 4 degrees of freedom.
d) the P-value for |f| > 1.78 with 22 degrees of freedom.

3. t-models, part ITII. Describe how the shape, center, and
spread of t-models change as the number of degrees of
freedom increases.

7. Meal plan. After surveying students at Dartmouth
College, a campus organization calculated that a 95%
confidence interval for the mean cost of food for one term
(of three in the Dartmouth trimester calendar) is ($1102,
$1290). Now the organization is trying to write its report
and is considering the following interpretations. Com-
ment on each.

a) 95% of all students pay between $1102 and $1290 for
food.

b) 95% of the sampled students paid between $1102 and
$1290.

c) We're 95% sure that students in this sample averaged
between $1102 and $1290 for food.

d) 95% of all samples of students will have average food
costs between $1102 and $1290.

e) We're 95% sure that the average amount all students
pav is between $1102 and $1290.

9. Pulse rates. A medical researcher measured the pulse
rates (beats per minute) of a sample of randomly selected
adults and found the following Student’s t-based confi-
dence interval:

W ith 95.00% Confidence,
70.887604 <  u(Pulse)<74.497011

a) Explain carefully what the software output means.

b) What's the margin of error for this interval?

¢) If the researcher had calculated a 99% confidence in-
terval, would the margin of error be larger or smaller?
Explain.
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This means that the flights were independent. We
556 CHAPTER 23 Inferences About Means will learn more about correlation in our next unit. :)

There is no evidence of a trend over time. (The correlation

of On Time Departure% with time is » = —0.016.)

a) Check the assumptions and conditions for inference.

b) Find a 90% confidence interval for the true percentage
of flights that depart on time.

¢) Interpret this interval for a traveler plannir

17. Speed of light. In 1882 Michelson measured the speed
of light (usually denoted c as in Einstein’s famous equa-
tion E = mc?). His values are in km/sec and have 299,000
subtracted from them. He reported the results of 23 trials
with a mean of 756.22 and a standard deviation of 107.12.
a) Find a 95% confidence interval for the true speed of

light from these statistics.

b) State in words what this interval means. Keep in mind
that the speed of light is a physical constant that, as
far as we know, has a value that is true throughout the
universe.

¢) What assumptions must you make in order to use
your method?

21. For Example, 2nd look. This chapter’s For Examples
looked at mirex contamination in farmed salmon. We first
found a 95% confidence interval for the mean concentra-
tion to be 0.0834 to 0.0992 parts per million. Later we re-
jected the null hypothesis that the mean did not exceed
the EPA’s recommended safe level of 0.08 ppm based on a
P-value of 0.0027. Explain how these two results are con-
sistent. Your explanation should discuss the confidence
level, the P-value, and the decision.

19. Departures. What are the chances your flight will
leave on time? The U.S. Bureau of Transportation Statis-
tics of the Department of Transportation publishes infor-
mation about airline performance. Here are a histogram
and summary statistics for the percentage of flights de-
parting on time each month from 1995 thru 2006.

20 i 144 23. Pizza. A researcher tests whether the mean cholesterol
15 81.1838 level among those who eat frozen pizza exceeds the value
4.47094 considered to indicate a health risk. She gets a P-value of
0.07. Explain in this context what the “7%” represents.

<

10

# of Months

66 7 76 81 86 91
OT Departure %
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It is widely suspected that young people today are waiting

longer to get married. We want to find out if the mean age

of first marriage has increased during the past 40 years.

a) Write appropriate hypotheses.

b) We plan to test our hypothesis by selecting a random
sample of 40 men who married for the first time last
year. Do you think the necessary assumptions for in-

25. TV safety. The manufacturer of a metal stand for home
TV sets must be sure that its product will not fail under
the weight of the TV. Since some larger sets weigh nearly
300 pounds, the company’s safety inspectors have set a
standard of ensuring that the stands can support an aver- o "
age of over 500 pounds. Their inspectors regularly subject ference are satisfied? Explain.

a random sample of the stands to increasing weight until ¢) Describe the approx1mat.e sampling distribution
they fail. They test the hypothesis Hy: u = 500 against model for. the mean age in su.ch samples.

Ha: > 500, using the level of significance & = 0.01. If d) The menin our sample mame@ at? an average age of
the sample of stands fail to pass this safety test, the in- 24.2 years, with a standard deviation of 5.3 years.

spectors will not certify the product for sale to the general What’.s the P-value for this rfzsult?
public. e) Explain (in context) what this P-value means.

. . . ’ ion?
a) Is this an upper-tail or lower-tail test? In the context of f) What's your conclusion?

the problem, why do you think this is important?

b) Explain what will happen if the inspectors commit a
Type I error.

c) Explain what will happen if the inspectors commit a
Type Il error.

33. Popcorn. Yvon Hopps ran an experiment to test opti-
mum power and time settings for microwave popcorn.

29. Marriage. In 1960, census results indicated that the age at His goal was to find a Combination of power and timi that
which American men first married had a mean of 23.3 years. would deliver high-quality popcorn with less than 10%
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of the kernels left unpopped, on average. After experi-

menting with several bags, he determined that power 9 at

4 minutes was the best combination.

a) He concluded that this popping method achieved the
10% goal. If it really does not work that well, what
kind of error did Hopps make?

b) To be sure that the method was successful, he popped
8 more bags of popcorn (selected at random) at this
setting. All were of high quality, with the following
percentages of uncooked popcorn: 7,13.2, 10, 6, 7.8,
2.8,2.2,5.2. Does this provide evidence that he met his
goal of an average of no more than 10% uncooked ker-
nels? Explain.

Chips Ahoy. In 1998, as an advertising campaign, the
Nabisco Company announced a “1000 Chips Challenge,”
claiming that every 18-ounce bag of their Chips Ahoy
cookies contained at least 1000 chocolate chips. Dedicated
Statistics students at the Air Force Academy (no kidding)
purchased some randomly selected bags of cookies, and
counted the chocolate chips. Some of their data are given
below. (Chance, 12, no. 1[1999])

1419
1181

1121
1270

1325
1295

1345
1135

1219
1244

1214
1258

1087
1356

1200
1132

a) Check the assumptions and conditions for inference.
Comment on any concerns you have.

b) Create a 95% confidence interval for the average num-
ber of chips in bags of Chips Ahoy cookies.

¢) What does this evidence say about Nabisco’s claim?
Use your confidence interval to test an appropriate
hypothesis and state your conclusion.

Maze. Psychology experiments sometimes involve test-
ing the ability of rats to navigate mazes. The mazes are
classified according to difficulty, as measured by the
mean length of time it takes rats to find the food at the

39.

end. One researcher needs a maze that

will take rats an average of about one {S”e;nc()e

minute to solve. He tests one maze on

several rats, collecting the data shown. 384 57.6

a) Plot the data. Do you think the condi- 46.2 55.5
tions for inference are satisfied? 625 495
Explain. 38.0 409

b) Test the hypothesis that the mean 62.8 443
completion time for this maze is 339 938
60 seconds. What is your conclusion? 504 47.9

¢) Eliminate the outlier, and test the 350 69.2
hypothesis again. What is your 508 462
conclusion?

d) Do you think this maze meets the ggi 263

“one-minute average” requirement?
Explain.

Driving distance. How far do professional golfers
drive a ball? (For non-golfers, the drive is the shot hit
from a tee at the start of a hole and is typically the longest
shot.) Here’s a histogram of the average driving distances
of the 202 leading professional golfers in 2006 along with
summary statistics.

50 |-

Count 202
40 — Mean 288.6 yd
30 StdDev  9.31yd

# of Golfers

20

250 260 270 280 290 300 310 320

Avg Drive Distance (yards)

a) Find a 95% confidence interval for the mean drive
distance.

b) Interpreting this interval raises some problems. Discuss.

¢) The data are the mean driving distance for each golfer.
Is that a concern in interpreting the interval? (Hint: Re-
view the What Can Go Wrong warnings of Chapter 9.
Chapter 9?! Yes, Chapter 9.)
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