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For Exgr_ci_ses 1 to4,zdent1fy fhé population, the parameter,
the sample, and the statistic in each setting,
):z] Stop smoking! Ara&c]_o_m sample of 1000 people
" who signed a card saying they intended to quit smok-
ing were contacted nirie months later. It turmed out
that 210 (21%) of the sampled individuals had not
smoked over the past six months. . '
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E Hot turkey Tom is cooking a large turkey breast for
a holiday mieal. He wants to be sure that the turkey
is safe to eat, which requires a minimum internal

~ temperature of 165°F. Tom uses a thermometer to
measure the temperature of the turkey meat at four
randomly chosen points. The minimum reading in
the sample is 170°F. '
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For each boldface number in Exercises5t0 b (1) state l
whether it is @ parameter or a statistic and (2) use appropri-
ate notation to describe each number; for example, p = 0.65.

@ Get your bearings A large container of ball bearings
has mean diameter 2.5003 centimeters (cm). This
is within the specifications for acceptance of the

container by the purchaser. By chance, an inspector _

chooses 100 beéirings from the container that have
mean diameter 2.5009 cm. Because this is outside the
specified limits, the container is mistakenly rejected.

5\ Florida voters Florida has played a key role in recent
residential elections. Voter registration records show
that 41% of Florida voters are registered as Demo-
crats. To test a random digit dialing device, you use it
to call 250 randomly chosen residential telephones in
Florida. Of the registered voters contacted, 33% are

registered Democrats.
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all girls According to the National Center for :
ealth Statistics, the distribution of heights for ] 10OA[ THS 1S ROT

AN

;»ﬂm 16-year-old females is modeled well by a Normal . >V STRGLTIUN
?:’QJ\L density curve with mean p = 64 inches and standard  EXAacT SAMPLING s e :
. mpe | deviation o = 2.5 inches. To see if this distribution B ecAUSE AT Woul D PEUURL

VO
Sem » 1:12 applies at their high school, an AP Statistics class R rr—
H vVaLuJeg C;F X (SR ‘_:L : ]

037" takes an SRS of 20 of the 300 16-year-old females at -
. the school and measures their heights. What values .-~ T " g s oF SiLE A0
of the sample mean X would be consistent with the [osBluE DAfIrLe
it P"”B population distribution being N(64, 2.5)? To find out,
" ¢ .-Jwe used Fathom software to simulate choosing 250

st T SRS of size n = 20 students from a population that is OF The

N(64, 2.5). The figure below is a dotplot of the : 1 .
sample mean height X of the students in the sample. TwaT W& (REATED
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(a) Is this the sampling distribution of X? Justify your Va > Srapd o 0OJT

~ answer. Mgt '7; s de 1703
(b) Describe the distribution. Are there any obvious o £S.F . ! . i
outliers? Ca FFX.J ol ‘_CJ be « r\‘j G U"f‘ |te"S

(c) Suppose that the average height of the 20 girls in
the class’s actual sample is ¥ = 64.7. What would
you conclude about the population mean height 1 for
the 16-year-old females at the school? Explain.
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(a) Make a graph of the popﬁlation distribution.

(b) Sketch a possible graph of the distribution of nes gl _\‘u-, ,“ oM sle
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'E IRS audits The Internal Revenue Service plans to ex-

amine an SRS of individual federal income tax returns -

from each state. One variable of interest is the propor-
tion of returns claiming itemized deductions. The total
number of tax retumns in each state varies from over 15
million in California to about 240,000 in Wyoming.
(a) Will the sampling variability of the sample propor-
tion change from state to state if an SRS of 2000 tax
returns is selected in each state? Explain your answer.
(b) Will the sampling variability of the sample pro-
portion change from state to state if an SRS of 1% of
all tax returns is selected in each state? Explain your

answer. =
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I_’redict the election Just before a presidential elec-
tion, a national opinion poll increases the size of its
weekly random sample from the usual 1500 people to

4000 people.

(a) Does the larger random sample reduce the bias of

the poll result? Explain.

(b) Does it reduce the variability of the result?
Explain.
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19. Bias and variability The figure below shows his-
tograms of four sampling distributions of different
statistics intended fo estimate the same parameter-

T Population parameter

(C) . ‘\L' i
s 5o ¢

A

t Population parameter

(@

(a) Which statistics are unbiased estimators? Justify
your answer.

(b) Which statistic does the best job of estimating the
parameter? Explain.
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20. A sample of teens A study of the health of teenagers
plans to measure the blood cholesterol levels of an
SRS of 13- to 16-year-olds. The researchers will report
the mean X from their sample as an estimate of the
mean cholesterol level g in this population.

(a) Explain to someone who knows no statistics what
it means to say that X is an unbiased estimator of y.

(b) The sample result X is an unbiased estimator
of the population mean y no matter what size SRS
the study chooses. Explain to someone who knows
no statistics why a large random sample gives more
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Fxercises

@ The cand

has 15% orange candies. Use Figure 7.13
o help answer the following questions.

y machine Suppose a large candy machine

f.:l) Would you be surprised if a sample of 25 candies
) Om‘themachi'ne-co-ntaiﬁed—&efaﬂge candies {that’s
2% orange)? How about 5 orange candies (20%
Orange)? Explain.
TFMom Look AT e SAMPLING

DISTRvBuriamy IN THE Fiost Goness

}/OU. Can eQS“A Gnsuger H\l"j QJO'_;hW\;

(b) Which is more surprising: getting a sample of 25
candies in which 32% are orange or getting a sample
of 50 candies in which 32% are orange? Explain.
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FIGURE 7.13 The result of faking 400 SRSs cS_f (a) size n = 25 and (b) size n = 50 candies from.a large candy machine in which 15%
of the candies are orange. The dotplots show the approximate sampling distribution of pineachcase.
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,—2.\The candy machine Suppose a large candy machine
has 45% orange candies. Imagine taking an SRS of 25
candies from the machine and observing the sample
proportion p of orange candies. :

(a) What is the mean of the sampling distribution of
h? Why? Z M’/ﬁ — mekec sure o

or=Ngn,

(b) Find the standard deviation of the sampling
distribution of 5. Check to see if the 10% condition is

Use Larmecy
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(d) If the sample size were 50 rather than 25, how _I:.’_—E‘__-?S__ 45 ). S5
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In Exercises 33 and 34, explain why you cannot use the —\ . = =
methods of this section to find the desired probability. l 3 2)\ The normal Conditond 15 NoT
- l33! Hispanic workers A factory employs 3000 unionized Met here n=Is P=:3
workers, of whom 30% are Hispanic. The 15-member no = ISHD =4.5 4L 0
union executive committee contains 3 Hispanics. \ .
What would be the probability of 3 or fewer Hispan- T ¥ o T Y2 \7
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Studious athletes A university is concermed about
the academic standing of its intercollegiate_athletesé
A study committee chooses an SRS of 50 of the 31
athleteys to interview in detail. Suppose that 40% of

-_____,_._-—_-—_'—-'-"'__‘—__'_'_- L .
the athletes have been told by coaches to _ne'glecf
their studies on at least one occasion. ‘What is the
probability that at least 15 in the sample are among

this group? N
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{35] Do you drink the cereal milk?. A USA Today Poll A
- asked arandom sample of 1012 U:S. adults what they
do with the milk in the bowl after they have eaten the

cereal. Of the respondents, 67% said that they drink
it Sappose that 70% of U/ adults actually drink the

cereal milk. Let p be the proportion of people in the

sample who drink the cereal milk.

(a) What is the mean of the sampling distribution

of p? Why? o »

(b) Find the standard deviation of the sampling

met.
(c) Is the sampling distribution of  approximately
Normal? Check to see if the Normal condition is met,

(d) Find the probability of obtaining a sample of
1012 adults in which 67% or fewer say they drink the
cereal milk. Do you have any doubts about the result
of this poll?
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distribution of p. Check to see 1f the 10% condition is \

Do you drink the cereal milk? What_sample'si?e
would be required to reduce the standard deviation .
of the sampling distribution to one-half the value yo
found in Exercise 35(b)? Justify your answer.
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41} On-time shipping Your mail-order company adver-
tises that it ships 90% of its orders within three work-
ing days. You select an SRS of 100 of the 5000 orders
received in the past week for an audit. The audit
reveals that 86 of these orders were shipped on time.

" (a) If the company really ships 90% of its orders on
time, what is the probability that the proportion in an
SRS of 100 orders is as small as the proportion in your
sample or smaller? Follow the.four-step process.

(b) A critic says, “Ahal You claim 90%, but in your
sample the on-ime percentage is lower than that. So
the 90% claim is wrong.” Explain in simple language
why your probability calculation in (a) shows that the
result of the sample does not refute the 90% claim.
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Songs on an iPod David’s iPod has about 10,000
. Secon o

songs. The distribution of the play times for these
songs is heavily skewed to the right with a mean
of 225 seconds and a standard deviation of 60 sec-

onds. Suppose we choose an SRS of 10 songs from SHd dev © £ semplin ?} Ao v dn

—

B

this population and calculate the mean play time X L i g e - ([
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deviation of the sampling distribution of X? Explain. i {/C
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1.\ Songs on an iPod Refer to Exercise 49. How many

—

i 5 \
1 songs would you need to sample if you wanted the

standard deviation of the sampling distribution of X to
be 30 seconds? Justify your answer.
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@ Larger sample Suppose that the blood cholesterol
B ::i\lr)el of all*n&tlan aged 20 to 34 follows the Normal dis-
ution with mean y = 188 milligrams per deciliter
A (mg/dl) and standard deviation =gf:1 ml;/dl.
(a) C!:zoose an SRS of 100 men from this population-
What is the sampling distribution of x? ‘
(b)) Find the probability that X estimates y within
mg/dl. (This is the probability that ¥ takes a valu€
bepveen 185 and 191 mg/dl.) Show your work.
(c)) Choose an SRS of 1000 men from this popula-
tion. Now what is the probability that ¥ falls within
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ACT scores The composite scores of individual
students on the ACT college entrance examination in
2009 followed a Normal distribution with mean 21.1
and standard deviation 5.1.

(a) What is the probability thata single student
randomly chosen from all those taking the test scores
23 or higher? Show your work.

(b) Now take an SRS of 50 students who took the
test. What is the probability that the mean score ¥ of
these students is 23 or higher? Show your work.
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SECTION 28

Es7 What does th-ay? Asked what the central
limit theorem says, a student replies, “As you’
take Targer and larger samples from a population,
the histogram of the sample values looks more and
more Normal.” Is the student right? Explam your
answer.
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59. Songs on an iPod Refer to Exercise 49.
- (a) Explain why you cannot safely calculate the

probability that the mean play time X is more than
4 minutes (240 seconds) for ari SRS of 10 songs.
(' (b) )Suppose we take afi SRS of 36 songs instead.

lain how the central limit theorem allows us to
find the probability that the mean play time is more
than 240 seconds. Then calculate this probability.
Show your work. -
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60. Lightning strikes The number of lightning strikes
on a square kilometer of open ground in a year has
mean 6 and standard deviation 2.4. (These values
are typical of much of the United States.) The
National Lightning Detection Network (NLDN) uses
automatic sensors to watch for lightning in a random
sample of 10 one-square-kilometer plots of land.

(a) What are the mean and standard deviation of

%, the sample mean number of strikes per square
kilometer? s ,

(b). Explain why you cannot safely calculate the prob-
ability that ¥ < 5 based on a sample of size 10..
(c)-Suppose the NLDN takes a random sample of

1 = 50 square kilometers instead. Explain how the
central limit theorem allows us to find the probability
that the mean number.of lightning strikes per square
kilometer is less than 5. Then calculate this probabil-

ity. Show your work. —

@ With o sSamsple 3 -
' / 777G XN
assures US the I\’G.’mJ CP(J QX

(=)

®

ze ot 5o, Yo CLT

g

A ReS
X = me(ln nuvm b(),F C,—}- gi\f‘\ V\C

Per 5@uaars Rilo 1’)76'#»"‘

LL; =i 541';H€>/Kﬂ’\2

- i "\,2
6% = 2 | 5cgq simine Jim
v /O ‘

leo et +he

w(’/ C(‘»Y\r\o“\" ca ‘
do noT

?f‘c\o'c\r).‘ \\*‘\/ be_CLU}L \;\;(“'

RV‘OU\) \“\L 6"1"96, o+ k}"\t

. 4 lighta
disthibdbhe o+ Ha Y\U.M\DC’ _li++((j " ,}
slrikes L we wee o ‘ he

= 0k [ )
,‘) 0 ¢ h(( \‘l e ¢ (‘I
€] dl ¢ n | 5 N‘(J/ﬁ’)( / v Lo oV

dQ l*_t

) . . Jdthun O+ A\, ALY = é é*:_;j: ) ‘
1S 0e)id for e bfvm[):/ged.sv.b 2 + X x R = 304
— Py 29 =p(22 T )= (2 <-3.99) = (Lo 16 ) K\
i - s |
hurmdcdl(- E‘)Ci/_,)?./'l-sj o, ;)
-32.95 O

63. More on insurance An insurance company knows
that in the entire population of homeowners, the
mean annual loss from fire is 1 = $250 and the
standard deviation of the Toss is o = $300. The

distribution of losses is strongly right-skewed: many

es have $0 loss, but a few have large losses. If

Tici .
g:)elz)mgany sells 10,000 policies, can it safely base

its rates on the assumption that its average loss will be

no greater than $275? Follow the four-step process.
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Exercises 69 to 72° refer to the following settmg In the lan- %,

* guage of government statistics, you are “in the labor force” . These Gve ed e
if you are available for work and either workmg or actively Lo »
seekitig work: The uiferiploymeit Tatelis'the proportion of o Pr’d bch 1t *\/

the labor force (not of the entire population) who are unem-

plqye_d Here are data from the Current Population Surve : Poj
forﬂlecivﬂianpopulaﬁom @ Coleol e onem pleym ent

Qu esHans

year. Thetableentnesarecountsm}( ands of people. . eech educton Legel
Highest education. Total populatlo( In labor force xmployed ONEM PLD N O /
Didr't inish high - -~ /27,669 ~ - 12470~ . 11,408 . 1062 ' rely b
KA - 2R . w " e T P(onemployed | ign T oy
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college . . o L e S e _ oG 2
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g P 0a] T >
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L+ 769 Uniemployment:(1:1) Find: the anemployment rate - dhen B SB;
for people with each level of education. How does the P [ onem ()] by ed \ |ess
¢J unemployment rate change with education?
4 b2
70. Unemployment (5.1) What is the probablhty thata /lj__‘i/ = 0 42sS
randomly chosen person 25 years of age or older is in 234t 29 o
‘J the labor force? Show your work. s (. 7 7 - X
“71. Unemployment (5.3) If you know thata randomly . ) l collt o @ > -
chosen person 25 years-of age or older is a college P ( vnemp laye < ° ]X/ Kj
t : graduate what is the probablhty that'he or she is in’ Jo97
the labor force? Show your work. A/ 78 7 ' L - 0237~
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