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means that to reduce the standard deviation
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) ; to increase the
size by a factor of 2. M

‘:hThe cen}ral lmut theorem states that, for large n,
¢ sampling distribution of % is approximately

(1, o/ym) for any population with mean y and finite

standard deviation o. This allows us to approximate

p%‘obability calculations of ¥ using the Normal
distribution.

® Linear combinations of independent Normal
random variables have Normal distributions.
In particular, if the population has a Normal
distribution, so does x.

e Explain .Ihe d_iffe_renge between the sampling distribution of X and the
population distribution. Review Example 5.5 (page 283) and try Exercise 5.15.

* Determine the mean and standard deviation of X for an SRS of size n from a
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0 1 2 S 4 5 6 7 8 %)

Time (min)| 118 24 89 85 74 135 116 107 60 99

The parameter of interest is the average amount of time
on Twitter. The sample is an SRS of size n = 3 drawn
from this population of players. Because the players
are labeled 0 to 9, a single random digit from Table B
chooses one player for the sample.

(a) Find the mean for the 10 players in the population.
This is the population mean .

(b) Use Table B to draw an SRS of size 3 from this
population. (Note: You may sample the same player’s time
more than once.) Write down the three times in your
sample and calculate the sample mean %. This statistic is
an estimate of y.

(c) Repeat this process nine more times, using different
parts of Table B. Make a histogram of the 10 values of x.
You are approximating the sampling distribution of x.

(d) Is the center of your histogram close to p? Explain
why you'd expect it to get closer to x the more times you
repeated this sampling process.

5.16 Sleep duration of college students. In Example
5.4, the daily sleep duration among college students was
approximately Normally distributed with mean y = 7.13

5.24 Gradgs m a math course. Indiana University posts
the grade distributions for its courses online ! In one
spring semester, students in Math 118 received 16.1% As,
34.3% B’s, 29.2% C's, 9.6% D’s, and 9.8% F.

(a) Using the common scale A=4,B=3,C=2,D=1,
F=0, take X to be the grade of a randomly chosen Math
118 student. Use the definitions of the mean (page 237)
and standard deviation (page 245) for discrete random
variables to find the mean y and the standard deviation o
of grades in this section.

(b) Math 118 is a large enough course that we can take
the grades of an SRS of 25 students and not worry about
the finite population correction factor. If % is the agerage
of these 25 grades, what are the mean and standar
deviation of %?

’ Math
¢) What is the probability that a rando;nly chosen Ma
118 student gets a B or better, p( x> 3).

probability that the grade

'd) What is the approximate D hosen Math 118 students

boint average for 25 randoml

'S B or better, P(% > 3)? ) and (&) are

population with mean 4 and standard deviation o. Review Example 5.6 ties in parts ¢

(page 286) and try Exercises 5.19 and 5.23.

e Describe how many times larger n has to be for an SRS to reduce the
standard deviation of X by a certain factor. Review Example 5.8 (page 287)
and fry Exercise 5.17.

 Utilize the central limit theorem to approximate the sampling distribution
of x and perform probability calculations based on this approximation.
Review Example 5.11 (page 290) and iry Exercise 5.25.

hours and standard deviation o = 1.67 hours. You plan to e) Explain why the probabﬂi
take an SRS of size n = 60 and compute the average total S0 differ e
sleep time. ¥ «. an19. the

(a) What is the standard deviation for the average time?

(b) Use the 95 part of the 68-95-99.7 rule to describe the - —

variaRigyefahis; signlc mean. 5.30 Should you use the binomial distribution? In
each of the following situations, is it reasonable to use
a binomial distribution for the random variable X? Give
reasons for your answer in each case.

(c) What is the probability that your average will be
below 6.9 hours?

5.17 Determining sample size. Refer to the previous

exercise. You want to use a sample size such that about

— 959% of the averages fall within +10 minutes (0.17 hour)
of the true mean p = 7.13.

(a) In a random sample of students in a fitness study,
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(b) For large #, the distribution of observed values will
be approximately Normal.

(c) For sufficiently large n, the 68-95-99.7 rule says that
% should be within 20 of x about 95% of the time.

(d) Refer to Figure 5.13. For x to be approximately
Normal, we will need to draw a larger sample size n from
the distribution in panel (c) than in panel (a).

5.15 Generating a sampling distributi(_m. Fet’s
illustrate the idea of a sampling distribution in tbe case
of a very small sample from a very small population. The
population is the 10 scholarship players cu'rrently on
your women’s basketball team. For convenience, the

10 players have been labeled with the integers 0to 9 Eor,
each player, the total amount of ‘time spent (.1n minutes)
on Twitter during the past week is recorded in the

following table.

(a) Based on your answer to part (b) in Exercise 5.16,
should the sample size be larger or smaller than 60?
Explain.

(b) What standard deviation of X do you need such
that approximately 95% of all samples will have a mean
within 10 minutes of x?

(c) Using the standard deviation you calculated in part (b),
determine the number of students you need to sample.

5.18 Length of a movie on Netflix. Flixable reports
that Netflix’s U.S. catalog contains almost 4000 movies.’
You are interested in determining the average length

of these movies. Previous studies have suggested the
standard deviation for this population is 34 minutes.

(a) What is the standard deviation of the average length
if you take an SRS of 25 movies from this population?

(b) How many movies would you need to sample if you
wanted the standard deviation of  to be no larger than

5 minutes?

X is the mean daily exercise time of the sample.

(b) A manufacturer of running shoes picks a random
sample of 20 shoes from the production of shoes each
day for a detailed inspection. X is the number of pairs of

shoes with a defect.

(c) A nutrition study chooses an SRS of college students.
They are asked whether or not they usually eat at least
five servings of fruits or vegetables per day. X is the

number who say that they do.

(d) X is the number of days during the school year when

you skip a class.
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5.43 Metal fatigue. Metal fatigue refers to the gradua]

akening and cventual failure of metal that undergoes
. li eloads The wings of an aircraft, fo? example,
ke ;ibject 'to cyclic loads when in the air, and cracks
22:1 form. Tt is thought that these cracks start at large
particles found in the metal.. S}lppose thatkt}fleunumber
of particles large enough to initiate a crack follows
a Poisson distribution with mean p = 0.5 per square
centimeter (cm?).
(a) What is the mean of the Poisson distribution if we
consider a 100 cm? area?

(b) Using the Normal approximation, what is the
probability that this section has more than 60 of these

large particles?

(c) Summarize the relationship between the sample size
and the standard deviation that your graph shows.

5.47 Monitoring the emerald ash borer. The emerald
ash borer is a beetle that poses a serious threat to ash
trees. Purple traps are often used to detect or monitor
populations of this pest. In the counties of your state
where the beetle is present, thousands of traps are used
to monitor the population. These traps are checked
periodically. The distribution of beetle counts per trap is
discrete and strongly skewed. A majority of traps have no
beetles, and only a few will have more than two beetles.
For this exercise, assume that the mean number of
beetles trapped is 0.43, with a standard deviation of 0.95:

(a) Suppose that your state does not have the resources
to check all the traps, so it plans to check only an SRS of
n =150 traps. What are the mean and standard deviation
of the average number of beetles % in 150 traps?

(b) Use the central limit theorem to find the probability

that the average number of beetles in 150 traps is greate’
than 0.55.

(¢) Do you think it is »

T ; e
; Ppropriate in this situation to U
the central limit theor,

em? Explain your answer.
5.48 Attitundoc tavene3 v o o . s

5.63 A test for ESP. In a test for ESp
per ception), the expe.n'menter looks at cards that are
hidden from the subject. Each card containsg either a star,
acircle, a wave, or a square. As the experimenter looks at
cach of 20 cards in turn, the subject names the shape on
the card.

(extrasensory

(a) If a subject simply guesses the shape on each card,

what is the probability of a successful guess on a single
card? Because the cards are independent, the count of

successes in 20 cards has a binomial distribution.

(b) What is the probability that a subject correctly
guesses at least 10 of the 20 shapes?

(¢) In many repetitions of this experiment wit.h a subject
who is guessing, how many cards will the subject guess
correctly, on the average? What is the standard deviation
of the number of correct guesses?

(d) A standard ESP deck actually contains 25 cardz.On
There are 5 different shapes, each of which arzﬁfsar

5 cards. The subject knows that.the deck h.ast iR
makeup. Is a binomial model still approprlah ihis 5
count of correct guesses in one pass throug

t?
If so, what are n and p? If not, why no
_ ~tnala number on

PUTTING IT ALL TOGETHER .
insurance. The idea of nsurance
e risks that are unlikely bﬁt carry
i i ing your home. So
i t. Think of a fire destrc?ym

}\Eeg lgo(:rsl a group to share the risk: we all pay a small
amount, and the insurance policg payfi a larg;n amount

‘ own.

few of us whose homes burnl T
;gsilr(ﬁcee;mpany looks at the records for 1’11111101'.15
of homeowners and sees that the mean loss from fire
in a year is p = $600 per house and that thfe St.andard
deviation of the loss is 0 = $12,000. (The distribution
of losses is extremely right-skewed: most people have
$0 loss, but a few have large losses.) The company
plans to sell fire insurance for $500 plus enough to
cover its costs and profit.

5.72 Risks and
is that we all fac

(a) Explain clearly why it would be unwise to sell only
100 policies. Then explain why selling many thousands
of such policies is a safe business.

(b) Suppose the company sells the policies for $700.
If the company sells 50,000 policies, what is the
approximate probability that the average loss in a year
will be greater than $700?

5.73 Binge drinking. The Centers for Disease Control
and Prevention finds that 28% of people aged 18 to

24 years binge drank. Those who binge drank averaged
9.3 drinks per episode and 4.2 episodes per month. The
study took a sample of over 18,000 people aged 18 to
24 years, so the population proportion of people

who binge drank is very close to p = 0.28.2 The
administration of your college surveys an SRS of

200 students and finds that 56 binge drink.

(a) What is the sample proportion of students at your
college who binge drink?

(b) If, in fact, the proportion of all students on your
campus who binge drink is the same as the national
28%, what is the probability that the proportion in an
SRS of 200 students is as large as or larger than the
result of the administration’s sample?

(c) A wrriter for the student paper says that the

percent of studen.ts who binge drink js higher on your
campus than nationally, Write 5 short letter to the

editor explaining Why the surv t supPOIt thi
5 ey does no

5.74 The ideal number of children. “What do you
number of children for 4 family
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5.75 Is the ESP result better than
the ESP study of Exercise 5.63 discovers a subject
whose performance appears to be better than guessing
the study continues at greater length, The experimeme;«
looks at many cards bearing one of five shapes (star,
square, circle, wave, and cross) in an order determined
by random numbers. The subject cannot see the
experimenter as the experimenter looks at each card

in turn, in order to avoid any possible nonverbal clues.
The answers of a subject who does not have ESP should
be independent observations, each with probability 1/5
of success. We record 900 attempts.

guessing? When

(a) What are the mean and the standard deviation of
the count of successes?

(b) What are the mean and the standard deviation of
the proportion of successes among the 900 attempts?

(c) What is the probability that a subject without ESP
will be successful in at least 24% of 900 attempts?

(d) The researcher considers evidence of ESP to be

a proportion of successes so large that there is only
probability 0.01 that a subject could do this well or better
by guessing. What proportion of successes must a subject
have to meet this standard? (Example 1.45, on page 62,
shows how to do an inverse calculation for the Normal
distribution that is similar to the type required here.)

5.76 How large a sample is needed? The changing
Probabilities you found in Exercise 5.74 are due to

the fact that the standard deviation of the sample
Proportion p gets smaller as the sample size 7
Increases. If the population proportion is p = 041, ¥
how large a sample is needed to reduce the standar
deviation of b to g, = 0.005? (The 68-95-99.7 m.le t.hen
says that about 95% of all samples will have p within

0.01 of the true p.)




