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We have described the mean and standard deviation of the sampling distri­
bution of a sample mean x, but not its shape. The shape of the distribution ofx
depends on the shape of the population distribution. In particular, if the popu­
lation distribution is normal, then so is the distribution of the sample mean.

SAMPLING DISTRIBUTION Of ASAMPLE MEAN FROM ANORMAL POPULATION

Draw an SRS of size n from a population that has the normal distribution with
mean J.L and standard deviation o'. Then the sample mean x has the normal

distribution N(,u, (j /.J;;) with mean ,u and standard deviation (j / .J;;.

We already knew the mean and standard deviation of the sampling distri­
bution. All that we have added now is the normal shape. In Activity 9A, we
began with a normal distribution, N(64.5, 2.5). The center (mean) of the
approximate sampling distribution ofx should have been very close to the mean
of the population: 64.5 inches. Was it? The spread of the distribution ofx should
have been very close to 0' / .J;;. Was it? The reason that you don't observe exact
agreement is sampling variability.

EXAMPLE 9.11 MORE ON YOUNG WOMEN'S HEIGHTS

What is the probability that a randomly selected young woman is taller than 66.5 inches?
What is the probability that the mean height ofan SRS of 10 young women is greater than
66.5 inches? We can answer both of these questions using normal calculations.

If we let X = the height of a randomly selected young woman, then the random
variable X follows a normal distribution with JL = 64.5 inches and (j = 2.5 inches. To
find P(X > 66.5), we first standardize the values of X by setting

X JL
Z= --

(j

The random variable z follows the standard normal distribution. When X = 66.5,

From Table A,

z = 66.5-64.5 = 0.80
2.5

P(X>66.5) = P(z>0.80) = 1-0.7881 = 0.2119

The probability of choosing a young WOlnan at random whose height exceeds 66.5 inches
is about 0.21.

Now let's take an SRS of 10 young women from this population and compute
for the sample. In Example 9.10, we saw that in repeated samples of size n = 10, the
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values ofxwill follow a N(64.5, 0.79) distribution. To find the probability that x > 66.5
inches, we start by standardizing:

x- J.L-z=-_x
u-x

A sample mean of 66.5 inches yields a z-score of

z =66.5 - 64.5 =2.53
0.79

Finally,

P(x> 66.5) = P(z > 2.53) = 1- 0.9943 = 0.0057

It is very unlikely (less than a 1% chance) that we would draw an SRS of 10 young
women whose average height exceeds 66.5 inches.

Figure 9.16 compares the population distribution and the sampling distribution of
x. It also shows the areas corresponding to the probabilities that we just computed.

FIGURE 9.16 The sampling distribution of the mean height xfor samples of 10 young women com­
pared with the distribution of the height of asingle woman chosen at random.

The fact that averages of several observations are less variable than individual
observations is important in many settings. For example, it is common practice to
repeat a careful measurement several times and report the average of the results.
Think of the results of n repeated measurements as an SRS from the population
of outcomes we would get if we repeated the measurement forever. The average
of the n results (the sample mean x) is less variable than a single measurement.

EXERCISES
9.31 BULL MARKET OR BEAR MARKET? Investors remember 1987 as the year stocks lost
20% of their value in a single day. For 1987 as a whole, the mean return of all com­
mon stocks on the New York Stock Exchange was J.L =-3.5%. (That is, these stocks
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lost an average of 3.5% of their value in 1987.) The standard deviation of the
returns was about u = 26%. Figure 9.15 (a) on page 515 shows the distribution of
returns. Figure 9.15(b) is the sampling distribution of the mean returns x for all
possible samples of 5 stocks.

(a) What are the mean and the standard deviation of the distribution in Figure 9.15(b)?

(b) Assuming that the population distribution of returns on individual common stocks
is normal, what is the probability that a randomly chosen stock showed a return of at
least 5% in 1987?

(c) Assuming that the population distribution of returns on individual common stocks
is normal, what is the probability that a randomly chosen portfolio of 5 stocks showed
a return of at least 5% in 1987?

(d) What percentage of 5-stock portfolios lost money in 1987?

9.32 ACT SCORES The scores of individual students on the American College Testing
(ACT) composite college entrance examination have a normal distribution with mean
18.6 and standard deviation 5.9.

(a) What is the probability that a single student randomly chosen from all those tak­
ing the test scores 21 or higher?

(b) Now take an SRS of 50 students who took the test. What are the mean and stan­
dard deviation of the average (sample mean) score for the 50 students? Do your results
depend on the fact that individual scores have a normal distribution?

(c) What is the probability that the mean score x of these students is 21 or higher?

9.33 MEASUREMENTS IN THE LAB Juan makes a measurement in a chemistry laboratory
and records the result in his lab report. The standard deviation of students' lab mea­
surements is u 10 milligrams. Juan repeats the measurement 3 times and records the
mean xof his 3 measurements.

(a) What is the standard deviation of Juan's mean result? (That is, if Juan kept on making
3 measurements and averaging them, what would be the standard deviation of all his x's?)

(b) How many times must Juan repeat the measurement to reduce the standard devi­
ation of x to 3 milligrams? Explain to someone who knows no statistics the advantage
of reporting the average of several measurements rather than the result of a single
measurement.

9.34 MEASURING BLOOD CHOLESTEROL A study of the health of teenagers plans to measure
the blood cholesterol level of an SRS of youth of ages 13 to 16 years. The researchers
will report the mean x from their sample as an estimate of the mean cholesterol level
JJv in this population.

(a) Explain to someone who knows no statistics what it means to say that x is an
uunbiased" estimator of JJv.

(b) The sample result x is an unbiased estimator of the population parameter JJv no
matter what size SRS the study chooses. Explain to someone who knows no statistics
why a large sample gives more trustworthy results than a small sample.
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The central limit theorem
Although many populations have roughly normal distributions, very few indeed
are exactly normal. What happens to x when the population distribution is not
normal? In Activity 9B, the distribution of ages of pennies should have been
right-skewed, but as the sample size increased from 1 to 5 to 10 and then to 25,
the distribution should have gotten closer and closer to a normal distribution.
This is true no matter what shape the population distribution has, as long as the
population has a finite standard deviation (j. This famous fact of probability is
called the central limit theorem. It is much more useful than the fact that the
distribution ofx is exactly normal if the population is exactly normal.

CENTRAL LIMIT THEOREM

Draw an SRS of size n from any population whatsoever with mean IL and
finite standard deviation (j. When n is large, the sampling distribution of
the sample mean x is close to the normal distribution N(J.L,CT / -r;; )with
mean IL and standard deviation (j / -r;; .

How large a sample size n is needed for x to be close to normal depends
on the population distribution. More observations are required if the shape of
the population distribution is far from normal.

EXAMPLE 9.12 EXPONENTIAL DISTRIBUTION

Figure 9.17 shows the central limit theorem in action for a very nonnormal population.
Figure 9.17(a) displays the density curve for the distribution of the population. The dis­
tribution is strongly right-skewed, and the most probable outcomes are near 0 at one end
of the range of possible values. The mean J.L of this distribution is 1 and its standard devi-
ation a is also 1. This particular distribution is called an exponential distribution from exponential distribution
the shape of its density curve. Exponential distributions are used to describe the lifetime
in service of electronic components and the time required to serve a customer or repair
a machine.
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Figures 9.17(b), (c), and (d) are the density curves of the sample means of 2,10,
and 25 observations from this population. As n increases, the shape becomes more
normal. The mean remains at J.L = 1 and the standard deviation decreases, taking the

value 1/ .r;; .The density curve for 10 observations is still somewhat skewed to the right

but already resembles a normal curve with J.L =1and u =1/.JlO =0.32. The density· curve
for n = 25 is yet more normal. The contrast between the shape of the population distribu­
tion and the shape of the distribution of the mean of 10 or 25 observations is striking.

FIGURE 9.17 The central limit theorem in action: the distribution of sample means xfrom astrongly
nonnormal population becomes more normal as the sample size increases. (a) The distribution of 1
observation. (b) The distribution of xfor 2observations. (c) The distribution of xfor 10 observations.
(d) The distribution of xfor 25 observations.

The central limit theorem allows us to use normal probability calculations
to answer questions about sample means from many observations even when
the population distribution is not normal.

EXAMPLE 9.13 SERVICING AIR CONDITIONERS

The time that a technician requires to perform preventive maintenance on an air­
conditioning unit is governed by the exponential distribution whose density curve
appears in Figure 9.17(a). The mean time is J.L = 1 hour and the standard deviation
is u = 1 hour. Your company operates 70 of these units. What is the probability that
their average maintenance time exceeds 50 minutes?
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The central limit theorem says that the sample mean time x(in hours) spent work­
ing on 70 units has approximately the normal distribution with mean equal to the pop­
ulation mean J.L = 1 hour and standard deviation

1
r::::; = 0.120 hour

'\j70

The distribution of x is therefore approximately N(l, 0.120). Figure 9.18 shows this
normal curve (solid) and also the actual density curve of x (dashed).

Because 50 minutes is 50/60 of an hour, or 0.833 hour, the probability we want is
P(x> 0.83). Since

z = x- J.Lx 0.83 -1 = -1.42
(Tx 0.120

P(x>0.83) = P(z>-1.42) = 1-0.0778 = 0.9222

This is the area to the right of 0.83 under the solid normal curve in Figure 9.18.
The exactly correct probability is the area under the dashed density curve in the fig­
ure. It is 0.9294. The central limit theorem normal approximation is off by only
about 0.007.
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fiGURE 9.18 The exact distribution (dashed) and the normal approximation from the central limit
theorem (solid) for the average time needed to maintain an air conditioner.

Figure 9.19 summarizes the facts about the sampling distribution of x. It
reminds us of the big idea of a sampling distribution. Keep taking random sam­
ples of size n from a population ,with mean J-L. Find the sample mean x for each
sample. Collect all the x's and display their distribution. That's the sampling
distribution ofx. Sampling distributions are the key to understanding statistical
inference. Keep this figure in mind as you go forward.
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FIGURE 9.19 The sampling distribution of asample mean xhas mean fl and standard
deviation CF / .[;z. The distribution is normal if the population distribution is normal; it is
approximately normal for large samples in any- case.

EXERCISES
9.35 BAD CARPET The number of flaws per square yard in a type of carpet material varies
with mean 1.6 flaws per square yard and standard deviation 1.2 flaws per square yard. The
population distribution cannot be normal, because a count takes only whole-number val­
ues. An inspector studies 200 square yards of the material, records the number of flaws
found in each square yard, and calculates x, the mean number of flaws per square yard
inspected. Use the central limit theorem to find the approximate probability that the
mean number of flaws exceeds 2 per square yard.

9.36 INVESTING FOR RETIREMENT The distribution of annual returns on common
stocks is roughly symmetric, but extreme observations are more frequent than in a
normal distribution. Because the distribution is not strongly nonnormal, the mean
return over even a moderate number of years is close to normal. In the long run,
annual real returns on common stocks have varied with mean about 9% and stan­
dard deviation about 28%. Andrew plans to retire in 45 years and is considering
investing in stocks. What is the probability (assuming that the past pattern of vari­
ation continues) that the mean annual return on common stocks over the next 45
years will exceed 15%? What is the probability that the mean return will be less
than 5%?

9.37 COAL MINER'S DUST A laboratory weighs filters from a coal mine to measure the
amount of dust in the mine atmosphere. Repeated measurements of the weight of dust
on the same filter vary normally with standard deviation (]" = 0.08 milligrams (mg)
because the weighing is not perfectly precise. The dust on a particular filter actually
weighs 123 mg. Repeated weighings will then have the normal distribution with mean
123 mg and standard deviation 0.08 mg.

(a) The laboratory reports the mean of 3 weighings. What is the distribution of this mean?

(b) What is the probability that the laboratory reports a weight of 124 mg or higher for
this filter?
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9.38 MAKING AUTO PARTS An automatic grinding machine in an auto parts plant pre­
pares axles with a target diameter J.L = 40.125 millimeters (mm). The machine has
some variability, so the standard deviation of the diameters is (J" = 0.002 mm. The
machine operator inspects a sample of 4 axles each hour for quality control purposes
and records the sample mean diameter.

(a) What will be the mean and standard deviation of the numbers recorded? Do your
results depend on whether or not the axle diameters have a normal distribution?

(b) Can you find the probability that an SRS of 4 axles has a mean diameter greater
than 40.127 mm? If so, do it. If not, explain why not.

When we want information about the population mean JL for some variable,
we often take an SRS and use the sample mean x to estimate the unknown
parameter JL.

The sampling distribution of x describes how the statistic x varies in all
possible samples from the population.

The mean of the sampling distribution is JL, so that x is an unbiased esti­
mator of JL.

The standard deviation of the sampling distribution of x is a / -r;; for an
SRS of size n if the population has standard deviation a. This recipe can be
used if the population is at least 10 times as large as the sample.

If the population has a normal distribution, so does x.
The central limit theorem states that for large n the sampling distribution

of xis approximately normal for any population with finite standard deviation
a. The mean and standard deviation of the normal distribution are the mean
JL and standard deviation a / -r;; of xitself.

_~._'_~~""~ "__~',"",~" ~~~~m'"m_m,~m_,~_~"I
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9.39 BOlTliNG COLA A bottling company uses a filling machine to fill plastic bottles with
cola. The bottles are supposed to contain 300 milliliters (ml). In fact, the contents vary
according to a normal distribution with mean J.L =298 ml and standard deviation (J" 3 ml.

(a) What is the probability that an individual bottle contains less than 295 ml?

(b) What is the probability that the mean contents of the bottles in a six-pack is less
than 295 ml?

9.40 STOP THE CAR! A company that owns and services a fleet of cars for its sales force has
found that the service lifetime of disc brake pads varies from car to car according to a nor­
mal distribution with mean J.L = 55,000 miles and standard deviation (J" =4500 miles. The
company installs a new brand of brake pads on 8 cars.

(a) If the new brand has the same lifetime distribution as the previous type, what is
the distribution of the sample mean lifetime for the 8 cars?



(b) The average life of the pads on these 8· cars turns out to be x= 51,800 miles. What
is the probability that the sample mean lifetime is 51,800 miles or less if the lifetime
distribution is unchanged? (The company takes this probability as evidence that the
average lifetime of the new brand of pads is less than 55,000 miles.)

9.41 WHAT AWRECK! The number of traffic accidents per week at an intersection varies
with mean 2.2 and standard deviation 1.4. The number of accidents in a week must be
a whole number, so the population distribution is not normal.

(a) Let xbe the mean number of accidents per week at the intersection during a year
(52 weeks). What is the approximate distribution of x according to the central limit
theorem?

(b) What is the approximate pr,obability that x is less than 2?

(c) What is the approximate probability that there are fewer than 100 accidents at the
intersection in a year? (Hint: Restate this event in terms of x.)

9.42 TESTING KINDERGARTEN CHILDREN Children in kindergarten are sometimes given
the Ravin Progressive Matrices Test (RPMT) to assess their r~adiness for learning.
Experience at Southwark Elementary School suggests that the RPMT scores for its
kindergarten pupils have mean 13.6 and standard deviation 3.1. The distribution is
close to normal. Mr. Lavin has 22 children in his kindergarten class this year. He sus­
pects that their RPMT scores will be unusually low because the test was interrupted by
a fire drill. To check this suspicion, he wants to find the level·L such that there is prob­
ability only 0.05 that the mean score of 22 children falls below L when the usual
Southwark distribution remains true. What is the value of L? (Hint: This requires a
backward normal calculation. See Chapter 2 if you need to review.)

CHAPTER REVIEW

This chapter lays the foundations for the study of statistical inference.
Statistical inference uses data to draw 'conclusions about the population or pro­
cess from which the data come. What is special about inference is that the con­
clusions include a statement, in the language of probability, about how reliable
they are. The statement gives a probability that answers the question "What
would happen if I used this method very many times?"

This chapter introduced sampling distributions' of statistics. A sampling dis­
tribution describes the values a statistic would take in very many repetitions of
a sample or an experiment under the same conditions. Understanding that idea
is the key to understanding statistical inference. The chapter gave details about
the sampling distributions of two important statistics: a sample proportion pand
a sample mean x. These statistics behave much the same. In particular, their
sampling distributions are approximately normal if the sample is large. This is a
ffiqin reason why normal distributions are so important in statistics. We can use
everything we know about nornla} distributions to study the sampling distribu­
tions of proportions and means.

Here is a review list of the most important things you should be able to do
after studying this chapter.



A. SAMPLING DISTRIBUTIONS

1. Identify parameters and statistics in a sample or experiment.

2. Recognize the fact of sampling variability: a statistic will take different val­
ues when you repeat a sample or experiment.

3. Interpret a sampling distribution as describing the values taken by a statistic
in all possible repetitions of a sample or experiment under the same conditions.

4. Describe the bias and variability of a statistic in terms of the mean and
spread of its sampling distribution.

5. Understand that the variability of a statistic is controlled by the size of the
sample. Statistics from larger samples are less variable.

B. SAMPLE PROPORTIONS

1. Recognize when a problem involves a sample proportionp.

2. Find the mean and standard deviation of the sampling distribution of a
sample proportion pfor an SRS of size n from a population having population
proportion p.
3. Know that the standard deviation (spread) of the sampling distribution ofp
gets smaller at the rate .r;; as the sample size n gets larger.

4. Recognize when you can use the normal approximation to the sampling dis­
tribution of p. Use the normal approximation to calculate probabilities that
concernp.

c. SAMPLE MEANS

1. Recognize when a problem involves the mean x of a sample.

2. Find the mean and standard deviation of the sampling distribution of a sam­
ple mean x from an SRS of size n when the mean I-t and standard deviation 0­

of the population are known.

3. Know that the standard deviation (spread) of the sampling distribution ofx
gets smaller at the rate.r;; as the sample size n gets larger.

4. Understand that x has approximately a normal distribution when the sam­
ple is large (central limit theorem). Use this normal distribution to calculate
probabilities that concern x.

CHAPTER 9 REVIEW EXERCISES

9.43 REPUBLICAN VOTERS Voter registration records show that 68% of all voters in
Indianapolis are registered as Republicans. To test whether the numbers dialed by a ran­
dom digit dialing device really are random, you use the device to call 150 randomly
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chosen residential telephones in Indianapolis. Of the registered voters contacted, 73%
are registered Republicans.

(a) Is each of the boldface numbers a parameter or a statistic? Give the appropriate
notation for each.

(b) What are the mean and the standard deviation of the sample proportion of regis­
tered Republicans in samples of size 150 from Indianapolis?

(c) Find the probability of obtaining an SRS of size 150 from the population of
Indianapolis voters in which 73% or more are registered Republicans. How well is your
random digit device working?

9.44 BAGGAGE CHECK! In Example 9.3, we performed a simulation to determine what pro-
s 3 portion ofa sample of 100 travelers would get the "green light" in Customs at Guadalajara

airport. Suppose the Customs agents say that the probability that the light shows green is
0.7 on each push of the button. You observe 100 passengers at the Customs "stoplight."
Only 65 get a green light. Does this give you reason to doubt the Customs officials?

(a) Use your calculator to simulate 50 groups of 100 passengers activating the Customs
stoplight. Generate L1llistl with the command randBin (100 1 0 . 7 1 50) /100 . L1llistl
will contain 50 values ofp, the proportion of the 100 passengers who got a green light.

(b) Sort L1llistl in descending order. In how many of the 50 simulations did you obtain a
value of pthat is less than or equal to 0.65? Do you believe the Customs agents?

(c) Describe the shape, center, and spread of the sampling distribution ofpfor sam­
ples of n 100 passengers.

(d) Use the sampling distribution from part (c) to find the probability of getting a sam­
ple proportion of 0.65 or less if p = 0.7 is actually true. How does this compare with
the results of your simulation in part (b)?

(e) Repeat parts (c) and (d) for samples of size n = 1000 passengers.

9.45 THIS WINE STINKS! Sulfur compounds such as dimethyl sulfide (DMS) are some­
times present in wine. DMS causes "off-odors" in wine, so winemakers want to know
the odor threshold, the lowest concentration of DMS that the human nose can detect.
Different people have different thresholds, so we start by asking about the DMS thresh­
old in the population of all adults. Extensive studies have found that the DMS odor
threshold of adults follows roughly a normal distribution with mean JL = 25 micro­
grams per liter and standard deviation a = 7 micrograms per liter.

In an experiment, we present tasters with both natural wine and the same wine
spiked with DMS at different concentrations to find the lowest concentration at which
they identify the spiked wine. Here are the odor thresholds (measured in micrograms
of DMS per liter of wine) for 10 randomly chosen subjects:

28 40 28 33 20 31 29 27 17 21

The mean threshold for these subjects is x=27.4. Find the probability of getting a sam­
ple mean even farther away from J.L = 25 than x= 27.4.

9.46 POLLING WOMEN Suppose that 47% of all adult women think they do not get enough
time for themselves. An opinion poll interviews 1025 randomly chosen women and
records the sample proportion who feel they don't get enough time for themselves.
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(a) Describe the sampling distribution of p.
(b) The truth about the population is p= 0.47. In what range will the middle 95% of
all sample results fall?

(c) What is the probability that the poll gets a sample in which fewer than 45% say
they do not get enough time for themselves?

9.47 INSURANCE The idea of insurance is that we all face risks that are unlikely but
carry high cost. Think of a fire destroying your home. So we form a group to share the
risk: we all pay a small amount, and the insurance policy pays a large amount to those
few of us whose homes burn down. An insurance company looks at the records for mil­
liops of homeowners and sees that the mean loss from fire in a year is J.L $250 per
person. (Most of us have no loss, but a few lose their homes. The $250 is the average
loss.) The company plans to sell fire insurance for $250 plus enough to cover its costs
and profit. Explain clearly why it would be a poor practice to sell only 12 policies.
Then explain why selling thousands of such policies is a safe business practice.

9.48 MORE ON INSURANCE The insurance company sees that in the entire population of
homeowners, the mean loss from fire is J.L =$250 and the standard deviation of the loss
is (j = $300. The distribution of losses is strongly right-skewed: many policies have $0
loss, but a few have large losses. If the company sells 10,000 policies, what is the
approximate probability that the average loss will be greater than $260?

9.49 IQ TESTS The Wechsler Adult Intelligence Scale (WAIS) is a common uIQ test"
for adults. The distribution of WAIS scores for persons over 16 years of age is approxi­
mately normal with mean 100 and standard deviation 15.

(a) What is the probability that a randomly chosen individual has a WAIS score of 105
or higher?

(b) What are the mean and standard deviation of the sampling distribution of the aver­
age WAIS score xfor an SRS of 60 people?

(c) What is the probability that the average WAIS score of an SRS of 60 people is 105
or higher?

(d) Would your answers to any of (a), (b), or (c) be affected if the distribution ofWAIS
scores in the adult population were distinctly nonnormal?

l 5

9.50 AUTO ACCIDENTS A study of rush-hour traffic in San Francisco counts the number e -1
of people in each car entering a freeway at a suburban interchange. Suppose that this
count has mean 1.5 and standard deviation 0.75 in the population of all cars that enter
at this interchange during rush hours.

(a) Could the exact·distribution of the count be normal? Why or why not?

(b) Traffic engineers estimate that the capacity of the interchange is 700 cars per hour.
According to the central limit theorem, what. is the approximate distribution of the
mean number of persons x in 700· randomly selected cars at this interchange?

(c) What is the probability that 700 cars will carry more than 1075 people? (Hint:
Restate this event in terms of the mean number of people xper car.)

9.51 POLLUTANTS IN AUTO EXHAUST The level of nitrogen oxide (NOX) in the exhaust of a
particular car model varies with mean 1.4 grams per mile (g/mi) and standard deviation
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0.3 g/mi. A company has 125 cars of this model in its fleet. If:x is the mean NOX emis­
sion level for these cars, what is the level L such that the probability that:X is greater than
L is only 0.01? (Hint: This requires a backward normal calculation. See Chapter 2 if
you need to review.)

9.52 HIGH SCHOOL DROPOUTS High school dropouts make up 14.1 % of all Americans
aged 18 to 24. A vocational school that wants to attract dropouts mails an advertising
flyer to 25,000 persons between the ages of 18 and 24.

(a) If the mailing list can be considered a random sample of the population, what is
the mean number of high school dropouts who will receive the flyer?

(b) What is the probability that at least 3500 dropouts will receive the flyer?

9.53 WEIGHT OF EGGS The weight of the eggs produced by a certain breed of hen is nor­
mally distributed with mean 65 grams (g) and standard deviation 5 g. Think of cartons
of such eggs as SRSs of size 12 from the population of all eggs. What is the probabili­
ty that the weight of a carton falls between 750 g and 825 g?

II NOTES AND DATA SOURCES

1. In this book we discuss only the most widely used kind of statistical inference.
This is sometimes called frequentist because it is based on answering the question
"What would happen in many repetitions?" Another approach to inference, called
Bayesian, can be used even for one-time situations. Bayesian inference is important
but is conceptually complex and much less widely used in practice.
2. From the Current Population Survey Web site: www.bls.census.gov/cps.
3. Data from October 25-28, 2000, Gallup Poll Surveys from www.gallup.com.
4. "Pupils to judge Murphy's Law with toast test," Sunday Telegraph (UK), March 4, 2001.
5. From the Gallup Poll Web site: www.gallup.com.
6. Results from a poll taken January-April 2000 and reported at www.gallup.com.
7. Strictly speaking, the recipes we give for the standard deviations ofxand passume
that an SRS of size n is drawn from an infinite population. If the population has finite

size N, the standard deviations in the recipes are multiplied by ~l- (n / N) . This

"finite population correction" approaches 1 as N increases. When n/N ~ 0.1, it is ~ 0.948.
8. 'The survey question and result are reported in Trish Hall, "Shop? Many say 'Only
if I must,'" New York Times, November 28, 1990.
9. From John K. Ford, "A method for grading 1987 stock recommendations,"
Alnerican Association of Individual Investors Journal, March 1988, pp. 16-17.
10. This activity is suggested in Richard L. Schaeffer, Ann Watkins, Mrudulla
Gnanadeskian, and Jeffrey A. Witmer, Activity-Based Statistics, Springer, New York,
1996.


