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1121 ¢

112.2
T12.3
Ti24 4
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Answers to Check Your Understanding

T
page 752: 1. Option L premium = —343 + 8.63(58) = 51 57.54

A
Option 2: In{premium) = — 12.98 + 4.416(In 58) = 4.9509
-y = ¢ = $141.3C

/\\

Option 3: In(premium) = —(0.063 + 0.0859(58) = 4.9192

— 5= = $136.89

2. Exponential (Option 3), because the scatterplot showing
In(premium) versus age was the most linear and this model had the
most randomly scattered residual plot.

Answers to Odd-Numbered Section 12.2 Exercises

12.31 (a) The scatterplot shows a fairly strong, positive, slightly
curved association between length and period with one very
unusual point (106.5, 2.115) in the top right corner.

2.2

°

Period (s)
=

0.6 =TT T T T 70
20 30 40 50 60 70 80 90 100 110

Length (cm)

(b) The class used the square root of x = length. (c) The class used
the square of y = period.
12.33 (a) Ly = —0.08594 + 0.21Vx, where y is the period and x

is the length. 2: y* = —0.15465 + 0.0428x, where y is the period and
xisthelength. (b) 1:y = —0.08594 + 0.21V/80 = 1.792 seconds. 2:

y2 = —0.15465 + 0.0428(80) = 3.269, s0 y = V3.269 = 1.508
seconds.

12.35 (a) The scatterplot of log(period} versus log(length) is
roughly linear and the residual plot shows no obvious leftover pat-

P

terns. (b) log y = —0.73675 + 0.51701 log(x), where y is the period
and x is the length.

P ; .
12.37 logy = —0.73675 + 0.51701 log(80) = 0.24717 . Thus, y =
10024717 = 1.77 seconds.

T
12.39 logy = 1.01 +0.72 log(127) = 2.525. Thus,
y = 1025 = 334.97 grams.
12,41 (a) The relationship between bacteria count and time is
strong, negative, and curved with a possible outlier in the top left-

400 Jl
300 ﬁ

mﬁ .
° 9

°

® o
i ST,
U‘l— T T T T T

T i
g 2 4 6 % 10 12 14 19

hand corner.

Count
(hundreds of bacteria)

Time (minutes)

(b) Because the scatterplot of Infcount) versus tme is fairly
linear. {¢) Iny = 597316 — 0.218425x, where v is the count of

Solutions &

surviving bacteria and x is time in minutes. (d) li/l\\ = 3597316
0.2158425(17) = 2.26,50 v = 20 =958 or 958 bacteria.

12.43 (a) Exponential, because the scail\crplot of log(height) versus
bounce number is more linear. (b) logy = 045374 — 0.11716x,
where y = height in feet and x = bounce number.

(¢) logy = 045374 = 0.1 1716(7) = — 0.36038, s0

5= 107" = (.43 feet. (d) The trend in the residual plot sug-
gests that the residual forx =7 would be positive, meaning that the
predicted height will be less than the actual height.

12.45 (a) There is a strong, positive curved relationship between
heart weight and length of left ventricle for mammals.
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(b) Two scatterplots are given below. Because the relationship
between In{weight) and In{length) is roughly linear, heart weight
and length seem to follow a power model.
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(c)Iny = —0.314 + 3.1387 In x, where y is the weight of the heart
and x is the length of the cavity of the left ventricle, (d) Iny =
—0.314 + 3.1387 In (6.8) = 5.703, 50 y= 70 = 299.77 grams.
1247 ¢

1249 e

12.51 (a) For Marcela, X' = the length of her shower on a ran-
domly selected day follows a Normal distribution with mean 4.5
minutes and standard deviation 0.9 minutes. We want to find
PR <X <6).z= ’ U;'j = —167and z = 6 ();')
P33 < X < 6) = 0.9050. Using technology: 0.9044. There is a
0.9044 probability that Marcela’s shower lasts between 3 and 6 min-

= 1.67, so

e O S o
utes. (b) Solving — 0.67 = 09 gives Oy = 3.897 minutes.
o o O35 i " ol
Solving 0.67 = 09 gives Qs = 5.103 minutes. Using technol-

ogy: Q1 = 3.893 minutes and Qs = 5.107 minutes. Thus, an outlier
is any value above 5.107 + 1.5(5.107 — 3.893) = 6,928, Because
7 = 6.928. a shower of 7 minutes would be considered an outlier
for Marcela. (¢) P(X > 7) = 0.0027. Let ¥ = the number of days
that Marcela's shower is 7 minutes or higher. Y is a binomial random
variable with n = 10and p = (L0027 P(Y = D=1-P¥=1-=
1 — binomedf (trials: 10, p: 0.0027, x value: 1)
= 0.0003. (d) ¥ follows a N[4.5, 0.285) distribution and we want to
find Px > 5) . = = i J; =175and P(Z > L.
0.285 ’
nology: 0.0397. There is a 0.0397 probability that the mean length

5y = Using tech-

of Marcela’s showers on these 10 davs exceeds 5 minutes.



and computed a confidence interval for the slope each time, about
99% of the resulting intervals would contain the slope of the true
regression line for predicting BAC from the number of beers
(:onsmncd
129 50 3= the slope of the population regression line relating
number of clustmx\ ()H)LLHC farvae to munbcr of sturnps. P ¢ inter-
val for 3. D: With df = 21, (8.678, 15.11). C: We are 99% confi-
dent that the interval from 8.678 to 13 ll captures the slope of the
population regression line relating number of clusters of beetle lar-
vae to number of smmpsA

12,11 (a) y = =1.286+ 11.894(5) = 58.184 clusters. (b)s = 06419,
s0 we would expect our prcdlchon to be off from the actual number
of clusters by about 6.419 clusters.
12,13 (a) § = 166483 — 1
vield and x is the number of weeds per meter. Slope: for each addi-

0987x, where ? is the predicted corn

tional weed per meter, the predicted corn yield will decrease by
about 1.0987 bushelsfacre. y intercept: if there are no weeds per
meter, we would predict a com yield of 166483 bushels/acre.
(b) When using weeds per meter to predict comn yield, the actual
vield will typically vary from the predicted yield by about 7.98 bushels/
acre. (¢) .S. Hy: 3= 0 versus Hy: § < 0, where 3 is the slope of the
true regression line relating corn yield to weeds per meter. P: ¢ test
for 3. D:t = —1.92. P-value = 0.075/2 = 0.0375. C: Because the

P-value of 0.0375 is less than « = 0.05, we reject Hy. There is con-
vincing evidence that the slope of the true regression line relating
corn vield to weeds per meter is negative.

2.15 S: Hy: =0 versus H,: 3 <0

population regression line relating heart disease death rate to

, where 7 is the slope of the

wine consumption in the population of countries. P: t test for 7.
Linear: There is no leftover pattern in the residual plot.
Independent: The sample size (n = 19) is less than 10% of all
countries. Normal: The histogram of residuals shows no strong
skewness or outliers. BEqual SD: The residual plot shows that the
standard deviation of the death rates might be a little smaller for
large values of wine consumption, x, but it is hard to tell with so

few data values. Random: Random sample.
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D:t=—646, df =17, and P-value = 0. C: Because the Pvalue
of approximately 0 is less than o = 0.05, we reject H. There is
convineing evidence of a negative linear relationship between
wine consumption and heart disease death rate in the population
of countries.

1217 (a)  With  df=19,11,630.6 = 2.093(1249) = (9016 .4,
14,244.8). (b) Because the automotive group claims that people
drive 15,000 miles per year, this says that for every increase of |
year, the mileage would increase by 15,000 miles,
(c)t = —2.70. With df = 19, the P-value is between 0.01 and 0.02
(0.0142). Because the P-value of 0.0142 is less than « = 0.05, we
reject Hy. We have convincing evidence that the slope of the
population regression line relating miles to years is not equal to
15,000. (d) Yes. Because the interval in part (a) does not include
the value 15,000, the interval also provides convincing evidence
that the slope of the population regression line relating miles to
years Is not equal to 15,000.

12,19 ¢

12.21 a

12.23 b

12.25 (a) The two treatments (say the color, read the word) were
deliberately assigned to the students. (b) He used a randomized
block design where each student was a block. He did this to help
account for the different abilities of students to read the words orto
say the color they were printed in. (¢) To help average out the
effects of the order in which people did the two treatments. If every
subject said the color of the printed word first and were frustrated by
this task, the times for the second treatment might be worse. Then
we wouldn’t know the reason the times were longer for the second
treatment—because of frustration or because the second method
actually takes longer.

12.27 There is a small number of differences (ny = 16 < 30} and
there is an outlier.

+ 212

295 295 + 77 2
IR ] - Y PR 2 — el %gz/,
1229 (@) (i} 7z50= 01933 (i) BT 0.5
212 B . . .
(i11) s 0.6951. (b) No. The probability that a person is 4 s10¥
305

mobile owner (295/1526 = 0.1933) is different from the ptobabﬂ'
ity that the he or she

bd()ﬂgﬁ to an CH\'iI'()IHﬂ(’l'}t&l] ()I‘gﬂln/.dtl()ﬂ

/295 204 IR
(c) (i) Plboth are owners) = ( ';l':;/(-)(*l*:;:) ={.0373
1526 525

(i) Plat least one belongs to an environmental 01‘ganization}

, 12217/ 1220 e
= 1 — Plneither belong) = 1 ~ (\ﬁ_ig)(\ﬁz_?) ={).3599

person is a snowmobile owner given that |

16/305 = 0.0525).
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(b) ‘s f: : { here is no associabio lm nder and goals for 4th,
"

Sth, and Oth grade siudents versus H: There is an association. ..

P Chisquare test for independence. Random: Random sample.

V0% = 478 < 10% of all 4th, 5th, and Gth grade students.

Large Counts: ]3‘ CV170) 740, 66.96, 47.26, 4274 all .

;- = 21455 With d{ the Povalue < 0.0005 (()4(}()(')1;)2). C:
3

( > < o= 005, we reject Hy. There is

al

W

Because the P-value of 0.
(-<>m’incinc’ evidence thai an associabion exists between ('uzdc and

goals for 4th, Sth, and 6th grade students.

Answers to Chapter 11 AP® Statistics Practice Test
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TI1L7 b
TILE a
T119 d
11110 d

TI1.11 S Ho: The distribution of gas bypes is the same as the dis-

DU Wd DD e
]

N
o

ributor's claim versus Ho: The distribution of gas tvpes is not the
same as the distributor’s claim. P Chi-square test for goodness of fit.
Random: Random samiple. 10% : n = 400 < 10% of all customers
at this distributor’s service stations, Large Counts: 240, 80, 50 all = 5.
D: vt = 1315 With df = 2, the Pvalue is between 0.001 and 0.0025
00141, C: Because the Paalue of 0.0014 < a = 0.05, we reject
H,,. There is convincing evidence that the distribution of gas type is
not the same as the distributor claims.
T11.12 (a) Random assignment was used to create three roughly
equivalent groups at the beginning of the study.

(b)
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ducational level amnong French men aged 20 to 60 years versus
M There is an association. . .. Pr Chi-square test for independence.
Random: Randem samplc. N" 9% 1 = 459 < 10% of all French
men aged 20 to 60 years. Large Counts: 59.48, 44.21, 42.31, 5( 9>
37,85, 36.22, 42.37. 3149, 3014, 3422, 25.44, 74 34 all =

D: 7 = 13305 With df = 6, the Pvalue is between 0.025 5 and U 05
(0.03847. C: Because the Pvalue of 0.0384 < a =0 AO>, we reject
H.o. There is convineing evidence of an association between smok-
ing status and educational level among French men aged 20 to 60

vears.

Section 12.1

Answers to Check Your Understanding

page 752: S: 3= slope of the population regression line relating
fat gain to change in I \L‘\ P: tinterval for the slope. Linear: There
is no leftover pattern in the residual plot. Independent: The sample

size (n = 16) is less than 10% of all hcaith\ young adults. Normal:

The histogram of the residuals shows no strong skewness or outliers.
Equal SD: Other than one point with a large positive residual, the
IL\K] al plot shows roughly equal scatter for all x values. Random:
Random sample. D: With df = 14, (—0.005032, —0.001852). C:
We are 95% confident that the interval from —0.005032 to
—0.001852 captures the slope of the population regression line
x‘clatilw fglt gain to Ll] mgG in NEA.

page 757 5 Hy f ) versus Hy 8 < 0, where 3 is the slope of
the hm regression l;m relcltmg fat gain o NL% change. P: t test for
the slope 3. D t = —4.64. P-value = 0.000/2 = 0. C: Because the
Pavalue of approximately 0 is less than a = 0.05, we reject Hy.
There is convincing evidence that the slope of the true regression
line relating fat gain to NEA change is negative

Answers to Odd-Numbered Section 12.1 Exercises
12.1 The Equal SD condition is not met because the SD of the
residuals clearly increases as the laboratory measurement (x)
mereases.
12.3 Linear: There is no leftover pattern in the residual plot.
Independent: Knowing the BAC for one subject should not help us
predict the BAC for another subject. Normal: The histogram of the
residuals shows no strong skewness or outliers. Equal SD: The
residual plot shows roughly equal scatter for all x \'ahxes. Random:
These data come from a randomized experiment.
12.5 « is the true y intercept, which measures the true mean BAC
level if no beers had been drunk (¢ = —0.012701). 8 is the true
slope, which measures how much the (me mean BAC changes with
the drinking of one additional beer (b = 18). Finally, o is the
trie standard deviation of the residuals, \\']]Kll measures how much
the observed Jhl(\ of BAC typically vary from the population
regression line (s = 0. 204).
12,7 {a) Sk, = (),H()Z%. [fwe repeatec d the experiment many times,
he slope u{ the sample regression line would typically vary by
1.0024 from the slope of the true regression line for predict-
3AC from the number of beers consumed. (b) With
40018 + 2.9770.0024) = (0.011,0.025). (¢) We are 99%
ent %’mi the ntersal from 0.011 1o 0.025 captures the slope

]

lo
I
<1x)fmt\
n
D

1lr

df =1

ssion line for predicting BAC from the number of

consumed. {4y If we repeated the experiment many Himes
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1143 (a) Hy: There is no association between beliefs about the

quality of recycled products and whethier or not a person buys recy-
cled products in the population of adults versus H,: There is an
association. (b)13.26, 3574, 8.66, 2334, 14.08, 37.92
(¢) x* = 7.64. With df = 2, the P-value is between .02 and 0.025
(0.022). (d) Because the Pvalue of (1.022 < a = 0.05, we reject Hy,.
There is convincing evidence of an association between beliefs
about the quality of recycled products and whether or not a person
buys recycled products in the population of adults.

S: Hy: There is no association between education tevel and

opinion about a handgun ban in the adult population versus H,:
There is an association. . .. P: Chi-square test ior independence.
Random: Random samplt\ 10%:n = 1201 < 10% of all adults.
Large Counts: 46.94, 86.19, 187.36, 94.29, "].ZZ, 69.06, 12681
75.04, 13871, 104.78 all = 5 D- \,z =8.525. With df = 4, the
P-value is between 0.05 and 0 1741). C: Because the Pvalue
of 0.074]1 > a = 0.05, we fall to 1‘6]6(‘ Hy. We do not have con-
vincing evidence that there is an association bebween educational

level and opinion about a handgun ban in the adult population.

11,47 (a) Independence, because the data come from a single ran-
dom sample. (b) Hy: There is no association between gender and
where people live in the population of young adults versus H,:
There is an association ey
10% : n = 4854 < 10% of a]l voung adults. Large Counts: The
expected counts are (11] atleast 5. (d) P-value: If no association exists

Random: Random sample.

between gender and where people live in the population of young

adults, there is a 0.012 probability of getting a random sample of

4854 young adults with an association as strong or even stronger
than the one found in this study. Conclusion: Because the P-value
of 0.012 < o = 0.05,

that an association exists between gender and where people live in

we reject Hy. There is convineing evidence
the population of young adults.
11.49 (a) Hypotheses: H;:

ment rates for patients like these who receive gastric freezing and

There is no difference in the improve-

those who receive the placebo versus H,: There is a difference.

P-value: Assuming tha{ no difference exisls in the hnprovement
rates between those 1‘0({'1\'111{; gasmc h‘cczmg and those i‘ccc:\'mg
the placebo, there is a 0.570 probability of observing a difference
than tl
observed in the study by chance alone. Conclusion: Because the

e difference

in fmprovement rates as large or larger

P-value of 0,570 1s larger than o = (,)_()5. we fail 1o reject H,.

There is not convincing evidence that a

-

sts i the

e
improvement rates for patients like hua who receive gasiric

freezing and those who recetve the placebo. (b) The Paalues are

equal and & = (=057) = 03249 = 7 =322,
e d

d

a

{a) One-sample f interval for a mea

for the difference between two proportions.

seales

< study,

Answers 1o Chapter 17 Bevisw Exercises

RILL S Mo

H o The proposed 1:2:1 genetic model 1s not correct. P Chisquare

Fhe proposed 122001 cenetic model is correct vergyg

for  goodness  of it Random: Random sample.
fon=54 < 0% of all vellow-green parent plants. Large
Counts: 21,42, 21 all = 5. [ \: = 6476,
().
I

Using df = 2, the
P-value is between 0.025 kmd 103923, C: Because the Pvalue
of 0.0392 > o =001, we

2:1

vineing evidence that the PI‘()PHJ\L‘(! 1:2:

to reject Hy. We do not have con-

genetic model s not
correct,
RI1.2 Several of the expected counts are less than 5.

Ril3 (a)

Stress Exarcise Usual Total
management care
uffered cardiac event 3 7 12 22
o cardiac event 30 27 28 85
Total 33 34 46 107

(b) The success rate was highest for stress management (0.909,
). {¢) S: HU: Thc

true success rates for patients like these are the same for all three

followed by exercise (0.794) and usual care (0.70

treatments versus H,: The true success rates are not all the same.

. P: Chissguare test for homogeneity. Random: 3 groups in aran-
dmmmcu experiment. Large Counts: 6.7 79, 6.99. 8,22, 26.21, 2401
3178 all = 5. l)‘ Vo= 4540 With df = 2, the Pvalue is between
0.05 and 0.1 0889). C: Because the Pvalue > o = 0.05 we
1. \\c do not have convincing evidence that the tiue
these are not the same for all three

fail to IL]QH
success rales for patients like t
treatments.

2114 (a) The data could have been collected from
randon samples—a random sample of ads from magazines aimed al

-

3 independent

voung men, a random sample of ads from magazines aimed atyoung
women, and a random sample of ads aimed at voung adults in gen-
eral. In eacl sample, the ads would be classified as sextialor nol
sexual. (b) The data could have been collected from a single ran
dom samiple of ads from magazines aimed at voung adulis. Then
cach ad in the sample would be classified as sexus 11 or not sexual,
and the nagazine that the ad was from wonld he classified 83 aimed
adults in genefiﬂ‘

al voung mien, Voung women, or young
- - - - - R
331 , (113)(5 (51— 42L8E
¢) 2o = 0,6094 = 60,947 248
( 576 ! ‘ 4246
12,62, (The difference is dne to rounding error.) (d) The “sexike

i coll, which s

b 3 1
> observed ads

Women cell T
T35 more th

o
RILS la)




use among students at the main campus and the commonwealth
campuses as large or larger than the one found in this study.
6. Because the Pwvalue of 0.000059 < o = 0.05, we reject Hy.
There is convincing evidence that the distribution of Facebook use
is different among students at Penn State’s main campus and stu-
dents at Penin State’s commonwealth campuses,

page 711 1

Percent of country

Quality
of life

Canada U.s.

Country

2. S: Hy: There is no difference in the distribution of quality of life
for patients who have suffered a heart attack in Canada and the U S,
versus H,: There is a difference. . . P: Chi-square test for homoge-
neity. Random: Independent random samples. 10%: n; = 311 < 10
% of all Canadian heart attack patients and n; = 2165 < 10% of all
US. heart attack patients. Large Counts: 77.37, 538.63, 7147,
497.53, 109.91, 765.09, 41.70, 290.30, 10.55, 73.45 all = 5. D-
X' = 11.725. With df = 4, the Pvalue is between 0.01 and 0.02
{0.0195). C: Because the Pvalue of 0.0195 > o = 0.01, we fail to
reject Hy. There is not convincing evidence that a difference exists
in the distribution of quality of life for heart attack patients in
Canada and the United States.

page 717 S: Hy: There is no association between an exclusive terri-
tory clause and business survival versus H,: There is an association. .
P: Chisquare test for independence. Random: Random sample.
10%: We assume that n = 170 < 10% of all new franchise firms,
Large Counts: 102.74, 20.26, 39.26, 7.74 all = 5. D. ¥’ = 5911
Using df = 1, the P-value is between 0.01 and 002 (0.015M0. C:
Because the Pvalue of 0.0150 > a = 0.01, we fail to reject Hy.
There is not convincing evidence of an association between exclusive
territory clause and business survival.

Answers to Odd-Numbered Section 11.2 Exercises

11.27 (a) Female: 0.209, 0.104, 0,313, 0.373. Male: 0463, 0.269.
0.075,0.194.

{b)

Percent of gender

CGoal

Male

Female

Gender

{¢) In general, it appears that females were classified mosth as low
0cial comparison, whereas males were classified mostly as high so-
Yl comparison. However, about an equal percentage of males and
males were classified as high mastery.

P29 (a) Hy: There is no difference in the distribution of sports
goals for male and female undergraduates at this university versus
Hg: There is a difference. ... (b) 22.5,12.5. 13, 19, 22,5 12.5. 13,
19. (¢) \* = 24.895.

1131 (@) Random: Independent random samples,  10%:
np =067 < 10% of all males and ny = 67 < 10% of all females at
the university. Large Counts: All expected counts = 5. (b) With
df = 3, the Pvalue < 0.0005 (0.000016). () Assuming that no dif-
ference exists in the distributions of goals for playing sports among
males and females, there is a 0.000016 probability of observing
independent random samples that show a difference in the distribu-
tions of goals for playing sports among males and females as large or
larger than the one found in this study. (d) Because the P-value of
0.000016 < a = 0.05, we reject Hy,. There is convincing evidence
of a difference in the distribution of goals for playing sports among
male and female undergraduates at this university.

11.33 (a) Cold: 0.593 hatched. Neutral: 0.679 hatched. Hot: 0.721
hatched. As the temperature warms up from cold to neutral to hot,
the proportion of eggs that hatch appears to increase. (b) S: H:
There is no difference in the true proportion of eggs that hatch in
cold, neutral, or hot water versus H,: There is a difference. . . . P:
Chi-square test for homogeneity. Random: 3 groups in a random-
ized experiment. Large Counts: 18.63, 38.63, 71.74, 8.37, 17.37,
3226 all =5, Dy =1703. With df=2 the P-value
> 0.25 (0.4267). C: Because the Pvalue of 04267 > a = 0.05,
we fail to reject Hy. We do not have convincing evidence that there
is a difference in the true proportions of eggs that hatch in cold,
neutral, or hot water.

11.35 We do not have the actual counts of the travelers in each
category. We also do not know if the sample was taken randomly or
if the samples are independent,

11.37 (a) The data are given in the table below. The best success
rate is for the patch plus the drug (0.355), followed by the drug
alone (0.303). The patch alone (0.164) is just a little better than the
placebo (0.156).

Nicotine Drug Patch Placeho Total
Patch plus drug
Success 40 74 87 25 228
Failure 204 170 158 135 687
Total 244 244 245 160 893

(b) Each of the four treatments has the same probability of success
for simokers like these. (¢) S: Hy: The true proportions of smokers
like these who are able to quit for a year are the same for each
of the four treatments versus H,: The true proportions are not the
same. ... P: Chissquare test for homogeneity, Random: 4 groups in
a randomized experiment. Large Counts: 61.75, 61.75, 62, 40.49,
182.25, 182,25, 183, 11951 all = 5. D:y? = 34.937. With df = 3,
the Pvalue < 0.0005. C: Because the Pvalue of approximately
0 <o =005 we reject Hy. There is convincing evidence that the
true proportions of smokers like these who are able to quitfora vear
are not the same for each of the four treatments.

1139 The largest component comes from those who had success
using both the patch and the drug (25 more than expected). The
next largest component comes from those who had success using
just the patch 121,75 less than expected).

o

i1 Buyers are much more likely to think the quality of recycled
coffee filters is higher, while nonbuyers are more likely to think the

quality is the same or lower.
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117 S: Hg: Nuthatches do not prefer particular types of trees
when searching for seeds and insects versus H,: Nuthatches do
prefer particular types of trees when searching for seeds and insects.
P: Chi-square test for goodness of fit. Random: Random sample,
10%: n =156 < 10% of all nuthatches. Large Counts: §4.24,
624, 9.36 all = 5. D: " = 7418, With df = 2, the P-value is
between 0.02 and 0.025 (0.0245). C: Because the P-value of
0.0245 < a = 0.05, we reject Hy. There is convincing evidence
that nuthatches prefer particular types of trees when they are
searching for seeds and insects.

11.9 Time spent doing homework is quantitative. Chisquare tests
for goodness of fit should be used only for distributions of categori-
cal data.

11T (a) St Hy: The first digit of invoices from this company follow
Benford’s law versus H,: The first digit of invoices from this com-
pany do not follow Benford’s law. P: Chi-square test for goodness
of fit. Random: Random sample. 10%: Assume n = 250 < 10%
of all invoices from this company. Large Counts: 75.25, 44, 31.25,
24.25, 19.75, 16.75, 14.5, 12.75, 11.5 all = 5. D: x* = 21.563.
With df = 8, the P-value is between 0.005 and 0.01 (0.0058). C:
Because the P-value of 0.0058 < a = 0.05, we reject Hy. There is
convincing evidence that the first digit of invoices from this com-
pany do not follow Benford’s law. Follow-up analysis: The largest
contributors to the statistic are amounts with first digit 3, 4 and 7.
There are more invoices that start with 3 or 4 than expected and
fewer invoices that start with 7 than expected. (b) I Finding con-
vincing evidence that the company’s invoices do not follow
Benford's law (suggesting fraud), when in reality they are consis-
tent with Benford’s law. A consequence is falsely accusing this
company of fraud. II: Not finding convincing evidence that the
invoices do not follow Benford’s law (suggesting fraud), when in
reality they do not. A consequence is allowing this company to
continue comritting fraud. A Type [ error would be more serious
for the accountant.

11.13 (a) H¢: The true distribution of flavors for Skittles candies is
the same as the company’s claim versus H,: The true distribution of
fHavors for Skittles candies is not the same as the company’s claim.
(b) Expected counts all = 12. (c) Using df = 4, x* statistics greater
than 9.49 would provide significant evidence at the o = 0.05 level
and x? values greater than 13.28 would provide significant evi-
dence at the o = 0.01 level. (d) Answers will vary.

11.15 S: Hy: All 12 astrological signs are equally likely versus H,:
All 12 astrological signs are not equally likely. P: Chi-square test for
goodness of fit Random Random sample. 10%: n = 4344 < 10%
of all people in the United States. Large Counts: All expected
counts = 362, which are = 5. D: y* = 19.76. With df = 11, the
P-value is between 0.025 and 0.05 (0.0487). C: Because the Pvalue
of 0.0487 < e = 0.05, we reject Hy. There is convincing evidence
that the 12 astrological signs are not equally likely. Follow-up analy-
sis: The largest contributors to the statistic are Aries and Virgo.
There are fewer Aries (321 =362 = —41) and more Virgos
(4 — 362 = 40) than we would expect.

117 St Hy: Mendel's 3:1 genetic model is correct versus H,:
1\ cndd‘ 3:1 genetic model is not correct. P: Chissquare test for

goodness of fit. Conditions are met. D: 7 = 03453, With df = 1,
the  P-value > 0.25(0.5568). C: Because the Palue of
0.5568 = o = 0.05, we fail to reject H,. We do not have convine-
ing evidence that Mendel's 3:1 genetic model is wrong.

1119 d

1.2 ¢

11.2% The distribution of Eng

glish grades for the heavy re

aders 5.
skewed to the left, while the hsh;bu tion of English grades fo, the

light readers is roughly symmetric. The center of the distril
‘mmhsh grades is greater for the heavy readers than for the light
rcadcrs The Lnéhxh grades are more variable for the light rcadm
There is one low outlier in the heavy reading group but no auy;
in the light reading group.

11.25 (a) For cad additional book read, the predicted English;
GPA increases by about 0.024. The predicted English grade for 4
student who has read 0 books is about 3.42. {b) residual
=2.85 = 3.828 = —0.978. This student’s English GPA is (.97
less than predicted, based on the number of books this student has
read. (c) Not very strong. On the scatterplot, the points are quite
spread out from the line. Also, the value of r* is 0.083, which
means that only 83% of the variation in English grades is
accounted for by the linear model relating English GPA to num.

ber of books read.

1y

Section 11.2

Answers 1o Check Your Understanding

page 699: 1. Main: 0.060 several times a month or less, 0.236 at
least once a week, 0.703 at least once a day. Commonwealth: 0.121
several times a month or less, 0.250 at least once a week, 0.628 at
least once a day. 2. Because there was such a big difference in the
sample size from the two different types of campuses. 3. Students

on the main campus are more likely to be everyday users of

Facebook. Also, those on the commonwealth campuses are more
likely to use Facebook several times a month or less.

70

60
50
40
30

Percent of campus

Facebook
use

Commonwealth

Campus Main
type

page 705: 1. Hy: There is no difference in the distributions of

: nfs af
Facebook use among students at the main campus and studcms'
T e o difference i
the commonwealth campuses versus H,: There is a difference
L . - P a1 catti-
the distributions of Facebook use among students at the main €

, . ses.
pus and students at the commonwealth — campt
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o CIZTISOF U HIS g

77,56 421,81

4. With df = 2, the P-value < 0.0005 (0.000059). 5. Xsmnm;z
that no difference exists in the distributions of Facebook use hetwee
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students on Penn State's main campus and students at Penn .
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059 probability of obs
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ing samples that show a difference in tHc hstnbmmm o
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AP3.33

and x = temperature (de
19°C in the water discharge tevop
from the nearest fish to the ontdlow pipe mereases by about 3.7188

meters, {¢) Yes. The residual plot shows 1o leftover pattern. {d)
residual = 78 — 9221 = = 1421 meters. The actual distance on
this afternoon was 1421 mcters closer than e ected, based on the

temperature of the water.

AP3.34 (a) Define W= the weight of a randomly sclected
gift box. Then gy = $(2) + 2048 + 3 =27 ounces and oy =
\/(‘5(() 53+ 2(1°) + 0. 1= 201 eunces. (B) We want to find

= .49

istribution. z = —

P(W = 30) using the N(27, 2.0hd

;md POW = 30) = 0.0681. Using technology: 0.0675. There 15 a

0678 probability of randomly selecting a box that weighs more
Uum 30 ounces. (¢) Plat least one box is greater than 30 ounces)
=1 — Pluone of the boxes is greater than 30 ounces) =
| — (1 —0.0678) =1 = (0.9322)" = 0.2960.
fribution of W is Normal, the distribution of Wowill also be Normal,

(d) Because the dis-

with mean e = 27 omnees and standard deviation og =
200 T e -7 L,
== = 0.599. We want to find PW = =50). ——— = 5 34
Vo

> S04
and PiZ > 334 = 0.0004, There is a 0.0004 probability of ran-

1

| \

domly selecting 5 hoxes that have 2 mean weight of more than 30
ounces.
AP33S {a) S Hapg

is the true mean annualized retun for stock A and g is the true

— pp = O versus Ho o — g 7 bowhere gy

mean annualized return for stock B P Two-sample ¢ fest.
Random: Independent random samples. 10%: ny = 50s less than
10% of all days in the past 5 vears an 1d gy = 30 is less than 10% of
all days in the past 5 years. Normal/Large Sample: 17y = 50 = 30)
and np =50 =300 Dii=2 Using df =40, the P-value s
behween 0.04 and 0,05, Using df = 90.53, P-value = 0.0416. C:
Because the Pavalue of 0.0416 is Tess than o = 0.05, we reject Hi.
We have convincing uvluxtc that the true mwean annualized

return for stock A is different than the true mean an malized

cetum forstock B by Horoy — og = 0w Hyoy — ey > 0, where

oy is the true standard deviation of returns for stock A and op 13

the true standard deviatio When the

of stock B, the varance of ¢

N

of stock B, Thus, values of It

would indicate that the price )

that for sinck B (i

Answers to Check Your Understanding

page 654 1. Hi The company’s claimed color distribution for its
Peanut ME&EM'S s correct versus H,: The Company’s claimed color
distribution is not correct. 2. The expected count of both blue and
orange candies is 46(0.23) = 10.58, for green and yellow is
46(0.15)= 6.9, and for red and brown is 46{0.12) = 5.52.

L 2-1058) (7 -1058)7 (13— 697 (4 —69)
I, \“:'44’—‘A*+4¥T‘_‘"‘i‘;—’_(+‘—‘—‘—"
10.58 1 .56 6.9 6.9

page 657 1. The expected counts are Aatleast 5. df = 6—1 = 5.

2.

P-value

T T

b5 N\ 1520
113724
Chi-square distribution with § df

3 The P-value is between 0.025 and 0.05 (0.0445). 4. Because
e Povalue of 0.0445 < a = 0.05, we reject Hy. There is convine-

ing evidence that the color distribution of M&M'S® Peanut
Chacolate Candies is different from what the company claims.

page 691: S: Hyy: The distribution of eye color and wing shape is
the same as what the biologists predict versus H,: The distribution
of eve color and wing shape is not w hat the biologists predict. P:
Chi-square test for Uoodncm of fit. Random: Random sample. 10%:
n=200<10% of 11 fruit flies. Large Counts: 112.5, 37.5, 37.5,
125 all = 5. D V' = 6.1867, df = 3, the P-value is between 0.10
and 0.15 (0.1029). C: Because the P— atue of 0.1029 > o = 0.01,
we fail to rc;e('t H,. We do not have convincing evidence that the
distribution of eve color and wing shape is different from what the

biologists predict,

Answers to Odd-Numbered Section 11.1 Exercises
11.1 (a) Hy: The company’s claimed dlsmbutlon for its deluxe
mixed nuts is correct versus H,: The company’s claimed distribu-

tion is not correct. (b) Cashews: 150(0.52) = 78, almonds:
150¢0.27) = 40.5, macadamia nuts: 150(0.13) = 19.5, brazil nuts:
150(0.08) = 12.

(18~1Z)z

(294057 | Q0=195)

40.5 195 12

Chissquare distribution with 3df

105 and 0.10 (0.0858). (d) Because the
=gy o= () H? we fail to reject Hy. We do not have
he company’s claimed distribution for its

4ty is mcorrect.



Random: Two groups in a randomized experiment. Normal/Large
sample: ny = 104 = 30 and n = “)(7 0. DU smg df = 50,
(=417, =1.03). Using df = 16512 (=416, —~1.04).

o We are
95% confident that the interval from *4 ]w to — L0 captures the
true difference in mean length of hospital stay for patients like these
who get heating blankets dmmg surgery and those who have their
core temperatures reduced during surgery. (b) Yes. Because 0 is not
in the interval, we have c(m\'inc:ing evidence that the true mean
hospital stay for patients like these who get heating blankets during
surgery is different than the true mean hospital stay for patients like
these who have core temperatures reduced during surgery. (¢) If we
were fo repeat this experiment many times and calculate 95% confi-
dence intervals for the difference in means each time, about 95% of
the intervals would capture the true difference in mean hes pital stay
for patients like these who get heating blankets during surgery and
mean hospital stay for patients like these who have core tempera-
tures reduced during surgery.

TH0.12 (a) S: Hy: py — p2 = 0 versus H,: p) — pr >
the true proportion of cars that have the brake defect in last year's
model and p, is the true proportion of cars that have the brake
defect in this vear's model. Two-sample = test for p; — pa.
Random: Independent random samples. 10%: n; = 100 < 10% of
last year's model and n; = 350 < 10% of this vear’s model. Large
Counts: 20,80,50,300areall = 10.D: z = 1.39, P-value = 0.0822.
C: Because the P-value of 0.0822 > a = 0.05. we fail to reject Hy.
We do not have convincing evidence that the true proportion of
brake defects is smaller in this year’s model compared to last vear’s
model. (b) I: Finding convincing evidence that there is a smaller

(0, where p; is

proportion of brake defects in this year's car model, when in reality
there is not, This might result in more accidents because people
think that their brakes are safe. II: Not finding convineing evidence
that there is a smaller proportion of brake defects in this year's
model, when in reality there is a smaller proportion. 1
result in reduced sales of this vear’s model.

TI0.13 (a) Hy: gy — e = 0 versus Hy: oy — o < 0, where Jly =
the true mean rent for one-bedroom apartments in the area of her

Chis might

college campus and p; = the true mean rent for two-bedroom
apartments in the area of her college campus. (b) Two-sample ¢ test
for gy = pz. Random: Independent

1 = 10 < 10% of all one-bedroom apartments in this area and
n; = 10 <10% of all two-bedroom apartments in this area.
Normal/Large Sample: The dotplots below show no strong skew-
ness or outliers in either distribution.

random  samples.  10%:

. H .
Two bedroom 2 s o P 1 s
g B
One bedroom -2 2 S e £

T T
4000 450 5000 3300 600 630 700 750
Rent (dollars)

(c) \mumnw the true mean rent of the two bpes uf;lp;n’(nmxig i
really the same, there is a 0.029 probability of getting an observed
difference in mean rents as l;zrga as or larger 11 1an
?hl(l - (d) Because the Pavalue of 0.029 < o =005

H‘J She has convineing evidence that

the one in this

Pat should re-
i]w trie mean rent of
of one-

t\\'()~hcdl‘<><>m apartments 1s greater than the true mean ren
bedroom apartments in the urea of her college campus.
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versus H: g < 0, where 1y is the true
pounds for people like

P: Paired ¢ test for yy.
Random: Random sample. 10%: ny =15 is less than 10% of all

There is no strong skewness or

these who f()“m\ a five-week crash diet,

dieters. Normal/Large Sample:

outliers.
| — i
|
T 3 T 1 T H T i 1
=25 =200 -15 0 - -3 [t} 3 10 s
Differences (afier ~ before)
Div= =306 and s, = 11,53, t=-12]1. Using df =14, the

P-value is between 0.10 and 0.15 (0.1232). C: Recause the P-value
of 0.1232 15 greater than o = 0.05, we fail to reject Hy. We do not
have convincing evidence that the true mean change in weight
{after = before) for people like these who follow a five-week crash
diet is less than 0.

AP3.37 {a) Observational study.

the individuals im0 the studv.  (b)

No mdtmawo WETE mlpmuf oMl
-/;[ —_ /73 = {} versus
VIRW babies
who graduate from high school In age 20 and p- is the true propoi
from high school by age
:‘3. Pr Two-sample = test Jor py = pr. Random: Independent it
iy = 247 0s less than 1“7? of 41l VLBW babies

than 107 of all non-VLBW babies. Laige
234 and

Hypy = p2 <0, where pyis the true pwpwm(m of

Hon of non-V1L.BW habies who graduate

Hioare all = 10, I)u:, E
>yalue of 0.0095 isfess

fe: Because the |
! evidence that the




100,63 (a) Plat least one mean outside interval) = 1 — Pineither
mean outside interval) = F—{0.95)" = 1-0.9025 = 0.0975. {(b) Let
X = the number of samples that must be taken to observe one fall-
ing above ps+ 2o¢ Then Xisa geometric random variable with
p=0.025PX=4=(1~- 0.025)}(0.025) = 0.0232. (c) Let X =
the nuruber of sample means out of 5 that fall outside this interval,
X is a binomial random variable with n =5 and p = 0.32. We
wamt PX =4 =1-PX = 3) = 1 — binomcdf (trials:5,
p:0.32,x value:3) = ] — 0.961 = 0.039. This 15 a reason-
able criterion because when the process is under control, we would
only get a “false alarm” about 4% of the time.

10.65 (a) Perhaps the people who responded are prouder of their
improvements and are more willing to share. This could lead to an
overestimate of the true mean improvement. (b) This was an obser-
vational study, not an experiment. The students {or their parents)
chose whether or not to be coached; students who choose coaching
might have other motivating factors that help them do better the
second time.

Answers to Chapter 10 Review Exercises

R10.1 (a) Paired ¢ test for the mean difference. (b) Two-sample z
interval for the difference in proportions. (¢) One-sample ¢ interval
for the mean. (d) Two-sample t interval for the difference between
two means.
_ 0.832(1 — 0.832)  0.581(1 = 0.581)

R14.2 (a) Sh,;],p‘:- f 570 + I

= 0.0521. If we were to take many random samples of 220 Hispanic
female drivers in New York and 117 Hispanic female drivers in

Boston, the difference in the sample proportions who wear seatbelts
will typically be 0.0521 from the true difference in proportions of
all Hispanic female drivers in New York and Boston who wear seat
belts. (b) S: p; = proportion of all Hispanic female drivers in New
York who wear seat belts and p; = proportion of all Hispanic fernale
drivers in Boston who wear seat belts. P: Two-sample z interval for
py— p2.  Random: Independent random  samples. 10%:
ny = 220 < 10% of all Hispanic female drivers in New York and
ny =117 < 10% of all Hispanic female drivers in Boston. Large
Counts: 183, 37, 68, 49 are all = 10. D: (0.149, 0.353). C: We are
95% confident that the interval from 0.149 to 0.353 captures the
true difference in the proportions of Hispanic wornen drivers in
New York and Boston who wear their seat belts.

R10.3 (a) The women in the study were randomly assigned to one
of the two treatments. (b) Because both groups are large
(ne =45 = 30 and ny = 45 = 30), the sampling distribution of
e — %4 should be approximately Normal. (¢) Assuming no differ-
ence exists in the true mean ratings of the product for women like
these who read or don't read the news story, there is less than a 0.01
probability of observing a difference as large as or larger than 0.49
by chance alone.

R10.4 (a) Siyry = the true mean NAEP quantitative skills test score

for young men and g = the true mean NAEP quantitative skills
test score for young women. P: Two-sample ¢ interval for po) — 4.
Randor: Reasonable to consider these independent random sam-
ples, 10%:n; = 840 < 10% of all voung menand nz = 1077 < 10%
of all young women. Normal/Large Sample: ) = §40 = 30 and
n, = 1077 = 30, D: Using df = 100, (~6.80,2.14).  Using
df = 177752, (—=6.76,2.10). C: We are 90% confident that the
interval from —6.76 to 2.10 captures the true difference in the

mean NAEP quantitative skills test score for voung men and the

mean NAEP quantitative skills test score for voung women.
(b) Because (0 is in the interval we do ot have convineing evidence
of a difference in mean score for male and female young adulis.
RI0.5 (a) S: Hy py — pr = 0 versus H,: p) — p> < 0, where p| is
the true proportion of patients like these who take AZT and develop
AIDS and p; is the true proportion of
placebo and develop AIDS. P: Twosample z fest for py — pa.
Random: Two groups in a randomized experiment. Large Counts:
17,418, 38,397 are all = 10. D:z = —2.91, P-value = 0.0018. C:
Because the P-value of 0.0018 < o = 0.05, we reject Hy. We have
convincing evidence that taking AZT lowers the proportion of
patients like these who develop AIDS compared to a placebo. (b) I:
Finding convincing evidence that AZT lowers the risk of developing
AIDS, when in reality it does not. Consequence: patients will pay for
a drug that doesn’t help. 11: Not finding convincing evidence that
AZT lowers the risk of developing AIDS, when in reality it does.
Sonsequence: patients won't take the drug when it could actually
delay the onset of AIDS. It is possible that we made a Type [ error.
R10.6 (a) The Large Counts condition is not met because there
are only 7 failures in the control area. (b) The Normal/Large
Sample condition is not met because both sample sizes are small

patients like these who take

and there are outliers in the male distribution.

R10.7 (a) Even though each subject has two scores (before and
after), the two groups of students are independent. (b) The distribu-
tion for the control group is slightly skewed to the right, while the
distribution for the treatment group is roughly symmetric. The center
for the treatment group is greater than the center for the control
group. The differences in the control group are more variable than
the differences in the treatment group. (¢) 5: Ho: gty = 12 = 0 versus
Hy py — 2 > 0, where iy = the true mean difference in test scores
for students like these who get the treatment message and pi; = the
true mean difference in test scores for students like these who get the
neutral message. P: Two-sample f test for pt; — pz. Random: Two
groups in a randomized experiment. Normal/Large Sample: Neither
boxplot showed strong skewness or any outliers. D: Using the differ-
ences, x; = 114, 5y = 3.169, X, = 8.25, s, = 3.69. t = 1.91. Using
df = 7, the P-value is between 0.025 and 0.05. Using df = 13.92,
Povalue = 0.0382. C: Because the P-value of 0.0382 < a = 0.05,
we reject Hy. There is convincing evidence that the true mean differ-
ence in test scores for students like these who get the treatment mes-
sage is greater than the true mean difference in test scores for students
like these who get the neutral message. (d) We cannot generalize to
all students who failed the test because our sample was nota random
sample of all students who failed the test.
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1 {a) S: oy = the true mean hospital stay for patients like
these who get heating blankets during surgery and i3 = the true
mean hospital stay for patients like these who have core tempera-
tures reduced during surgerv. P: Two-sample interval for gy — pz-



Solutions

Reasonable to consider these independent random samples. 10%:
=675 < 10% of male students at a large university and
;=621 < 10%  of female students at a large university.
Normal/Large Sample: 7, =675 =30 and 0. = 621 = 30,
D: Using df = 100, (412.68, 635.58). Using df = 124921,
(413.62, 634.64). C: We are 90% confident that the interval from
$413.62 to $634.64 captures the true difference in mean summer
earnings of male students and female students at this large univer-
sity. (¢} If we took many random samples of 675 males and 621
females from this umiversity and each time constructed a 90% con-
fidence interval in this same way, about 90% of the resulting
intervals would capture the true difference in mean earnings for
males and females.

1041 (a) S: Hupey — po = 0 versus Hypy — g < 0, where i s
the true mean time to breeding for the birds relying on natural food
supply and g is the true mean time to breeding for birds with food
supplementation. P: Two-sample t test. Random: Two groups in a
randomized experiment. Normal/Large Sample: Neither distribu-
tion displays strong skewness or outliers.
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Dixy =40, sy =311, x;= 113, s, =393 ¢=~374 Using
df = 5, the P-value is between 0.005 and 0.01. Using df = 10.95,
P-value = 0.0016. C: Because the Pvalue of 0.0016 < a = 0.05,
we reject Hy. We have convincing evidence that the true mean
time to breeding is less for birds relying on natural food supply
than for birds with food supplements. (b) Assuming that the true
mean time to breeding is the same for birds relving on natural
food supply and birds with food supplements, there is a 0.0016
probability that we would observe a difference in sample means of
—7.3 or smaller by chance alone. '

1043 S: Hy gy — g = O versus Hys gy — 2 # 0, where ) is the
true mean number of words spoken per day by female students and
#; 1s the true mean number of words spoken per day by male stu-
dents. P: Two-sample ¢ test. Randont: Independent random sam-
ples. 10%: n; = 56 < 10% of females at a large university and
ny =56 < 10% of males at a large university. Normal/Large
Sample: ny =56 = 30 and n; = 56 = 30. D: t = ~0.248. Using
df = 50, P-value > 0.50. Using df = 106.20, P-value = 0.8043. C:
Because the P-value of 0.8043 > o = .05, we fail to reject Hy. We
do not have convincing evidence that the true mean number of
words spoken per day by female students is different than the true
mean number of words spoken per dav by male students at this
university.

10.45 (a) The distribution for the activities group is slightly skewed
to the left, while the distribution for the control group is slightly
skewed to the right. The center of the activities group is higher than
the center of the control group. The scores in the activities group
are less variable than the scores in the control group. (b) S

Hi gty — pn = Oversus Hy g — g2 > 0, where 1 s the true mean
DRP score for third-grade students like the ones in the experiment
who do the activities and 5 is the true mean DRP score for third-
grade students like the ones in the experiment who don't do the
activities. P: Two-sample ¢ test. Random: Two groups in a random-
ized experiment. Normal/Large Sample: No strong skewness or
outliers in either boxplot. D:t = 2311, Using df = 20, the Pwalue

is between 0.01 and 0.02. Using df = 37.86, P-value = 0.0132. C;
Because the Pavalue of 0.0132 < o = 0.05, we reject Hy,. We have
convineing evidence that the true mean DRP score for third-gmde
students like the ones in the experiment who do the activities is
greater than the true mean DRP score for third-grade students like
the ones in the experiment who don’t do the activities. (¢) Because
this was a randomized controlled experiment, we can conclude that
the activities caused the increase in the mean DRP score.

1047 D: Using df =50, (—3563,2779). Using df = 106.2,
(—3521,2737). C: We are 95% confident that the interval from
—3521 to 2737 captures the true difference between mean number
of words spoken per day by female students and the mean number of
words spoken per day by male students. This interval allows us to
determine if 0 is a plausible value for the difference in means and also
provides other plausible values for the difference in mean words spo-
ken per day.

10.49 (a) S: Hy: oy — p2 = 10 versus Hy: py — p2 > 10, where g
is the true mean cholesterol reduction for people like the ones in
the study when using the new drug and p; is the true mean choles-
terol reduction for people like the ones in the study when using the
current drug. P: Two-sample ¢ test. Random: Two groups in a ran-
domized experiment. Normal/Large Sample: No strong skewness
or outliers. D: ¢ = 0.982. Using df = 13, the P-value is between
0.15 and 0.20. Using df = 26.96, P-value = 0.1675. C: Because the
P-value of 0.1675 > a = 0.05, we fail to reject Hy. We do not have
convincing evidence that the true mean cholesterol reduction is
more than 10 mg/dl greater for the new drug than for the current
drug. (b) Type Il error. It is possible that the difference in mean
cholesterol reduction is more than 10 mg/dl greater for the new
drug than the current drug, but we didn't find convincing evidence
that it was.

10.51 (a) The researchers randomly assigned the subjects to create
two groups that were roughly equivalent at the beginning of the
experiment. {(b) Only about 5 out of the 1000 differences were
= 4.15, Pavalue = 0.005. Because the Pvalue of 0.005 < a = 0.05,
we have convincing evidence that the true mean rating for students
like these that are provided with internal reasons is higher than the
true mean rating for students like these that are provided with exter-
nal reasons. (c) Because we found convincing evidence that the
mean is higher for students with internal reasons when it is possible
that there is no difference in the means, we could have made a
Type [ error.

10.53 (a) Two-sample. Two distinct groups of cars in a randomized
experiment. (b) Paired. Both treatments are applied to each sub-
ject. (¢) Two-sample. Two distinct groups of women.

10.55 (a) Paired, because we have two scores for each student.
{b) S: Hy: prg = 0 versus Hy: pg > 0, where p1y is the true mean
increase in SAT verbal scores of students who were coached. P:
Yaired ¢ test for yry. Random: Random sample. 10%: ng = 427 < 10%
of students who are coached. Normal/Large Sample: 427 = 30
D:t = 10.16. Using df = 426, Pvalue = (). C: Because the P-value
of approximately 0 < o = 0.05, we reject Hy. There is convincing
evidence that students who are coached increase their scores on the
SAT verbal test, on average.

1057 a "

10.59 b

10.61 (a) One-sample = interval for a proportion. (b) Paired f test
for the mean difference. (¢) Two=sample 7 interval for the differ-
ence in proportions. (d) Two-sample t test for a difference in means:
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proportion of students like these who would pass the driver's license

exam when taught by instructor B. Pr”

Two-sample z test for psy — pp.
Random: Two groups in a randomized experiment. Large Counts:
30, 20, 22, 28 are all = 1 Dz =1.60 and P-value = 0.0547. C:

Bccanse the P-value of 0.0547 > o = 0.05, we fail to reject H,.
There is not convincing C\'ldcncc that the true proportion of stu-
dents like these who would pass using instructor A is greater than
the true proportion who would pass using instructor B. (b) I
Finding convincing evidence that instructor A is more effective
than instructor B, when in reality the instructors are equally
effective. 1I: Not finding convincing evidence that instructor A is
better, when in reality instructor A is more effective. It is possible we
made a Type 1l error.

10.23 (a) Two-sample z test for py — po. Random: Two groups in a
randomized experiment. Large Counts: 44, 44, 21, 60 are all = 10.
(b) If no difference exists in the true pregnancy rates of women who
are being prayed for and those who are not, there is a 0.0007 prob-
ability of getting a difference in pregnancy rates as large or larger
than the one observed in the experiment by chance alone.
(¢) Because the Pvalue of 0.0007 < @ = 0.05, we reject Hy. There
is convincing evidence that the pregnancy rates among women like
these who are prayed for are higher than the pregnancy rates for
those who are not praved for. (d) Knowing they were being prayed
for might have affected their behavior in some way that would have
affected whether they became pregnant or not. Then we wouldn't
know if it was the prayer or the other behaviors that caused the
higher pregnancy rate.

10.25 a

10.27 ¢

10.29 (a) y = —13,832 + 14,954x, where y = the predicted mile-
age and x = the age in years of the cars. (b) For each year older
the car is, the predicted II]I]CZIUC will increase by 14,954 miles. (¢)
Residual = —25,708. The siudents car had 25,708 fewer miles
than expected, based on its age.

Section 10.2

Answers to Check Your Understanding

page G44: S:py = the true mean price of wheat in July and p, =
the true mean price of wheat in September. P: Two-sample ¢
interval for 11y — p2. Random: Independent random samples. 10%:
ny = 90 < 10% of all wheat producers in July and n; = 45 < 10%
of all wheat producers in September. Normal/large Sample:
ny =90 = 30 and ny =45 =30, D: Using df =40, (-0.759,
—0.561). Using df = 100,45, (=0.756, —0.564). C: We are 99%
confident that the interval from —0.756 to —0.564 captures the
true difference in mean wheat prices in July and September.

page 649: S: Heypey —
the true mean breaking strength for polyester fabric buried for 2

jo = 0 versus Hpy = g > 0, where g1 is

weeks and g 1s the true mean breaking strength for polvester fabric
buried for 16 weeks. P: Two-sample ¢ test. Random: Two groups in
a randomized experiment. Nornmal/Large Sample: The dotplots

below show no strong skewness or outliers in either group.

2 weeks

7
1h weeks <2 L 3 P

0D Iy b 1200 1260 1320 13K

Breaking strength

DXy = 12358, 5, =400, x:= 1164 5 = 1609 ¢=00959. Us

ing df = 4, the Pvalue is between 015 and 0.20. Using df = 4.65,

Solutions

P-value = 0.1857. C: Because the Povalue of (L1857 > o = 0.05,
we fail to reject Hy,. We do not have convineing evidence that the
true mean breaking strength of polyester fabric that is buned for 2
weeks is greater than the true mean breaking strength for polvester
fabric that is buried for 16 weeks.

Answers to Odd-Numbered Section 10.2 Exercises

10.31 (a) Because the distributions of M and B are Normal, the
distribution of xy — xp is also Nommal. (b) #3,-5 = 188 — 170
= 18 mg/dl. (c) Becausc 25 < 0% of all 20- to 34-year-old
males and 36 < 10% of all l4-year-old boys, o;__ =
' G0y
Vo536

11.33 Random: Two independent random samples. 10%:
20 < 10% of all males at the school and 20 < 10% of all females at
the school. Normal/Large Sample: not met because there are fewer

= 9.60 mg/dl.

than 30 observations in each group and the stemplot for Males
shows several outliers.

10.35 Random: not met because these data are not from two inde-
pendent random samples. Knowing the literacy percent for females
in a country helps us predict the literacy percent for males in that
country. 10%: not met because 24 is more than 10% of Islamic
countries. Normal/Large Sample: not met because the samples
sizes are both small and both distributions are skewed to the left and
have an outlier (see boxplots below).

Femste ’ }——E
Male @ »——D}{

[ A R S H R B
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10.37 (a) The distributions of percent change are both slightly
skewed to the left. Peaple drinking red wine generally have more
polyphenols in their blood, on average. The distribution of percent
change for the white wine drinkers is a little bit more variable,
(b} S: /1 = the true mean change in polyphenol level in the blood
of people like those in the stud\ who drink red wine and p; = the
true mean polyphenol level in the blood of people like those in the
study who drink white wine, P: Two-sample ¢ interval for 1y — 2.
Random: Two groups in a randomized experiment. Normal/Large
Sample: The dotplots given in the problem do not show strong
skewness or outliers. D: ¥ = 5.5, ¢; = 2.517, x>, = 0.23, 5, = 3.292.
Using df = 8, (2.701, 7.839). Using df = H 97,(2.845,7.689), C
We are 90% confident that the interval from 2.845 to 7.689 cap-
tures the true difference in mean change in polyphenol level for
men like these who drink red wine and men like these who drink
white wine. (¢) Because all of the plausible values in the interval are
positive, this interval supports the researcher’s belief that red wine
is more effective than white wine.

1139 (a) Earnings amounts cannot be negative, vet the standard
deviation 1s almost as large as the distance between the mean
and 0. However, the sample sizes are both very large
(675 = 30and 621 = 30). (b) S: gy = the true mean sununer earn-

t

ings of male students and p7 = the true mean summer earnings of

female students. P Two-sample ¢ interval for gy — 112

s

Random:



Sample: n =50 = 30, D:t = 247, using df = —H) the Pavalue s
I

1o C: Because the
1 1ave convineing

between fH) and 0.02 fusing df = 49, 0.0165
Povalue of 0.0168 < o = 0.05, we reject H,, We
evidence th;lt the true mean amount spent on food per houschold
in this city is different from the national average ()fbl 58.

Section 10.7

Answers to Check Your Understanding

page 619: S: py = true propostion of teens who go online every day
and p; = true proportion of adults who go online every day. P: Two-

Random: Independent mndmn sai-
3 < 10% of
10. D:

sample = interval for p; — ps
ples. 10%: n; =799 < 10% of teens and n, = 225
adults. Large Counts: 503, 296, 1532, and 721 are all =
. N e 10.63(0.37)  0.68(0.32)
(0.63 ~ 0.68) = I.()Jo\/ =99 53 =
(—0.0824,—0.0176). C: We are 90% confident that the interval
from —0.0824 to —0.0176 captures the true differenice in the pro-
portion of U.S. adults and teens who go online every day.
page 628 S Hy py = pa =0 versus Hypy ~ py > 0, where p; is
the frue proportion of children like the ones in the study who do not
attend preschool that use social services later and py is the true propor-
tion of children like the ones in the study who attend preschool that
use social services later. Pr Two-sample z test for p; — p». Random:
Two groups in a randomized experiment. Large Counts: 49, 12, 38,

(0.8033-0.6129)—0

Zdareall = 10.Diz = —= =232
/().7073(0.2927) N 0.7073(0.2927)
\ 61 ’ 62
and P-value = 0.0102. C: Because the P-value of 0.0102 < o =

0.05, we reject Hy. There is convincing evidence that the true pro-
portion of children like the ones in the study who do not attend
preschool that use social services later is greater than the true pro-
portion of children like the ones in the study who attend preschool
that use social services later.

Answers to Odd-Numbered Section 10.1 Exercises
1()‘] (a) Approximately Normal because 100(0.25) = 25,
00(0.75) = 75, 100(0.35) = 35, and 100(0.65) = 65 are all at least
l(). (b) g, -5 =025 =035=~(.10. (c) Because
100 < 10% of the first bag and ns = 100 < 10% of the sec-
=2 =
[0.25(0.75) . ;( 65)

ond bag, Tpy - = \/ 07 o0

= (.0644.

103 (a) Approximately Normal because 50(0.30) = 15, 50(0.7) =
35, 100€0.15) = 15, and 100(0.85) = 85 are all at least 10,
(b) yis, <5, =030 =015 =015, (c) chmc n( =50 < 0% of
the jellv beans in the Child mix and 1y = 100 < 10% of the jells
beans in the Adult mix, oy, g = \/“:(({:J . W_]EMQD)
00740 o

1.5 The data do not come from independent random samples or

two groups in a randomized experiment, Also, there were less than
10 successes (31 in the group from the west side of Woburn.

H3.T There were Jess than 10 failures 103 in the treatment group,
less than 10 successes (8) in the control group, and less than 10
failures in the control group (41,

109 {2y SE; _. = /,"‘(;.z()( 1=0 7@ | ?

e a) o, b \j 316 T 5
If we were to take many random samples of 316 voung adults and
532 older adults, the difference in the sample proportions of \mmg
adults and older adults who use Twitter will typically be 0.0289
from the true difference. (b) S: p; = true proportion of young adults
who use Twitter and p2 = true proportion of older adults who use
Twitter. P: Two-sample z interval for py — p2. Random: Two
independent random samples. 10%: n) = 316 < 10% of all young
adults and ny = 532 < 07 of all older adults. Large Counts: 82,
234, 74, 458 are all at least 10. D: (0.072,0.168). C. We are 90%
confident that the interval from 0.072 to 0.168 captures the true
difference in the proportions of voung adults and older adults whe

0141 =014 - 0.0259

29
30

use Twitter.

10.11 (a) S: p, = true proportion of young men who live in their
parents” home and p; = true proportion of voung women who
live in their parents” home. P: Two-sample z interval for py — p;.
Random: Reasonable to consider these independent random
samples. 10%: n; = 2253 < 10% of the population of young men
and n; = 2629 < 10% of the population of young women. Large
Counts: 986, 1267, 923, 1706 are all at least 10. D: (0.051,0.123).
C: We are 99% confident that the interval from 0.051 to 0.123
captures the true difference in the proportions of young men‘and
young women who live in their parents” home. (b) Because the
interval does not contain 0, there is convincing evidence that the
true proportion of young men who live in their parents” home is
different from the true proportion of young women who live in
their parents’ home.

LI3 Hyipy— pa=10 versus H,: p) — pr # 0, where py is:the
tmc proportion of all teens who would say that they own an iPod or
MP3 player and p; 1s the true proportion of all voung adults who
woul I say that they own an iPod or MP3 player.

10.15 P: Two-sample z test for p; — p;. Random: Independentran-
dom samples. 10%: n; =800 < 10% of all teens and
1z = 400 < 10% of all young adults. Large Counts: 632, 168, 268,
and 132 are all at least 104 D:z=453 and Pvalue = 0. G
Because the P-value of close to 0 < a = 0.05, we reject Hy., There
is convincing evidence that the true proportion of teens who would
say that they own an iPod or MP3 player is different from the true
proportion of young adults who would say that they own an iPod of
MP3 plaver.

10.17 D :(0.066,0.174). C : We are 95% confident that the inter-
val from 0.066 to 0.174 captures the true difference in proportions
of teens and voung adults \\110 own 1Pods or MP3 players. Because
0'is not included in the interval, it is consistent with the resulfs of
L.\cruse 15.

JA9 S Hy:py = p- = Oversus Hy 0 py — p2 > 0, where 11 is the
true proportion of 6- to 7-year-olds who would sort correctly and p2
is the true proportion of 4- to 5- -vear-olds who would sort correcily.
P: Two-sample z test for py — p>. Random: Independent randoil
samples. l()’/}': np=53 < 10% of all 6- to 7-year olds and
1> =50 < 1(1”7( of all +- to 5-vear-olds. Large Cm nts: 28,25 10, 0
D < =345 and P-value = 0.0003. C: Because the

£
13 < o= 005, we reject Hy,. \\c have (Omlmmf
0T

are all =

P-value r)f
evidence hm ﬂm true proportion of 6- to 7-vear-olds who would
correctly is greater than the true proportion of 4- to 5- \mr* olds who
would sort correctly.

L2 (@) Sc Hytpay = pp = Oversus Hy o pay — py > 0w here P
the true proportion of students like these who would pass the driv-

er's license exam when taught by instructor A and pp 15 the tiuc




evidence that the true mean breaking strength < 300 pounds,
{e} Increase the s‘ampk size or increase the significance level,
R94 () S: Hyup=10
proportion of adults w ho will get the flu after using the vaccine. P:
Onesample =z test for p.
The sample size (1000) < 10% of the population of adults. Large
Counts: l, ‘(( 05 =50 = 1 0 and  1000(0.95) = 950 = 10,
D:z= —1.02 and P-value = 0.1539. C: Because the P-value of
0.1539 > a = 0.05, we fail to reject H,
ing evidence that fewer than 5% of adults who receive this vaccine

15 versus Hy: p < 0.05, where p is the true

Random: Random sample. 10%:

. We do not have convine-

will get the flu. (b) Because we failed to reject the null hypothesis,
we could have made a Type 11 error—not finding convincing evi-
dence that the true proportion of adults get the flu after using this
vaccine <<0.05, when in reality the true proportion <0.05
{¢) Answers will vary.

R9.5 (a) Assuming that the roulette wheel is fair, there is a 0.0384
probability that we would get a sample proportion of reds at least
this different from the e\pected proportion of reds (18/38) by
chance alone. (b) Because the Pvalue of 0.0384 < o = 0.05, the
results are statistically significant at the o = 0.05 level. This means
that we reject Hy and have convincing evidence that the true pro-
portion of reds is different than p=18/38. (c) Because
18/38 = 0.474 is one of the plausible values in the interval, this
interval does not provide convincing evidence that the wheel is
unfair. It does not, however, prove that the wheel is fair as there are
many other plausible values in the interval that are not equal to
18/38. Also, the conclusion here is inconsistent with the conclusion
in part {b) because the manager used a 99% confidence interval,
- which is equivalent to a test using o = 0,01,

R9.6 (a) S: Hy:pe = 105 versus H,p 5% 105,
mean reading from radon detectors. P: One-sample ¢ test for .
Random: Random sample. 10%: The sample size (11) < 10% of all
radon detectors. Normal/Large Sample: A graph of the data shows
no strong skewness or outliers. D:t= — 006, df=10, and
and  P-value > 050 (0.9513). C: Because the P-value of
0.9513 > a = 0.18, we fail to reject Hy. We do not have convine-
ing evidence that the true mean reading from the radon detectors is
different than 105. (b) Yes. Because 105 is in the interval from
99.61 to 110.03, both the confidence interval and the significance
test agree that 105 is a plausible value for the true mean reading

where g is the true

from the radon detectors.

R9.7 (a) The random condition can be satisfied by randomly allo-
cating which plot got the regular batley seeds and which one got
the kiln-dried seeds within each pair of adjacent plots. (b) S:
Hy: prg = 0 versus Hy: prg < 0, where gy is the true mean difference
(regular — kiln) in vield between regular barley seeds and kiln-
dried barlev seeds. P: Paired f test for py. Random: Assumed.
Norma]/lﬂngc Sample: The histogram below shows no strong skesw-
ness or outliers.
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Regular - Kiln (vield)
D: §= =337 and s, =662, t=—1.690, di= 10, and the

¢
Poyvalue is between 0.05 and «.).1 006091, C: Because the Pvalue

Solutions

of 0.0609 > a = 0.05, we fail to reject H,. We do not have con-
vincing evidence that the true mean difference {regular — kiln) in
vield <0,
Answers o Chapter 9 AP® Statistics Practice Test
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193
194
195
19.6
197
19K ¢
199 a

19.10 ¢

901 (a) S: Hy: p = 0.20 versus H,: p > 0.20, where p is the true
propartion of customers who would pay $100 for the upgrade. P
One-sample z test for p. Random: Random sample. 10%: The sam-
ple size (60) < 10% of this company’s customers. Large Counts:
60(020)=12= 10 and  60(0.8)=48=10. D:z=1.29,
P-value = 0.0984. C: Because the Pvalue of 0.0984 > o = 0.05,
we fail to reject Hy. We do not have convincing evidence that more
than 20% of customers would pay $100 for the upgrade. (b) I:
Finding convincing evidence that more than 20% of customers
would pay for the upgrade, when in reality they would not. II: Not
finding convincing evidence that more than 20% of customers

b

LC I S e}

@ o o

would pay for the upgrade, when in reality more than 20% would.
For the company, a Type I error is worse because they would go
ahead with the upgrade and lose money. (c) Increase the sample
size or increase the significance level.

19.12 (a) Students may improve from Monday to Wednesday just
because they have already done the task once. Then we wouldn't
know if the experience with the test or the caffeine is the cause of the
difference in scores. A better way to run the experiment would be to
randomly assign half the students to get 1 cup of coffee on Monday
and the other half to get no coffee on Monday. Then have each per-
son do the opposite treatment on Wednesday. (b) S: Hy: g =0
versus  Hg:pg <0, where py is the true mean difference
(no coffee — coffee) in the number of words recalled without coffee
and with coffee. P: Paired ¢ test for 1. Random: The treatments were
assigned at random. Normal/Large Sample: The histogram below
shows a symmetric distribution with no outliers.

4
o3
=
2
g
=
4 T T 7
-2 -1 0
No coffee - coffee
{words recalled)
Dix= —] emd 8, = %16 {=—3873 df = 9 and the Paalue

is between 0.00] and 0 0195, C: Because the Povalue of
0.0019 < o = 0.05, we re]ec‘i Hg..
that the mean difference (no coffee — coffee) in word recall < 0.
TR S Hee
mean amount spent on food by households in this city. Pr One-
e. 10%: The sample

We have convineing evidence
p= 5158 versus H,: g # S158, where 1 is the true

sample t test for . Random: Random sampl

— Iy

size (50) < 10% of households in this small citv. Normal/Large




Solutions

Frequency
o

L]

H T T
L3S 1140 114511501 1 55 L b() 1N (\5 1170
Hardness

D: ¥=115164 and s, =0.0950. ¢t =077, df =19, and the
P-value is between 0.40 and 0.50 (0.4494). C: Because our P-value
of 0.4494 > a = 0.05, we fail to reject Hy. We do not have con-
vineing evidence that the true mean hardness of these tablets is
different from 11.5.

9.79 D: With df = 19, (11.472,11.561). C: We are 95% confident
that the interval from 11 4/7 to 11.561 captures the true mean
hardness measurement for this type of pill. The confidence interval
gives 11.5 as a plausible value for the true mean hardness , but it
gives other plausible values as well.
9.81 S: Hy:pe = 200 versus Hpe 5% 2
response time of European servers. P: One-sam ple t interval to help
us perform a two—sided test for p. Random: The servers were
selected randomly. 10%: The sample size (14) < 10% of all servers
in Europe. Normal/Large Sample: The sample size is small, but a
graph of the data reveals no strong skewness or outliers.
D: (158.22, 189.64). C: Because our 95% confidence interval does
not contain 200 milliseconds, we reject Hy at the o = 0.05 signifi-

(0, where  is the true mean

cance level. We have convincing evidence that the mean response
time of European servers is different from 200 milliseconds.

9.83 (a) Yes. Because the P-value of 0.06 > a = 0.05, we fail to
reject Hy: o= 10 at the 5% levc] of significance. Thus, the 95%
confidence interval will include 10. (b) No. Because the P-value of
0.06 < a = 0.10, we reject Hyp = 10 at the 10% level of signifi-
cance. Thus, the 90% conﬁdencc interval would not include 10 as
a plausible value.

9.85 (a) If all the subjects used the right thread first and they were
tired when they used the left thread, then we wouldn't know if the
difference in Himes was because of tiredness or because of the direc-
tion of the thread. (b) S: Hy: p1g = 0 versus Hy: prg > 0, where pig is
the true mean difference (left — right) in the time (in seconds) it
takes to turn the knob with the left-hand thread and the right-hand
thread. P: Paired f test for j15. Random: The order of treatments was
determined at random. Normal/Large Sample: There is no strong
skewness or outliers.

Frequency

> 10
Dlﬂu'cncc in times
{left thread - right thread)

D- = 1332 and 5, = 2294 1 = 3,‘)()3. df = 24, and the P-value
1A (0.003

s between 0.0025 and 0.005 (0 . C: Because the Pwvalue of
10039 < o = (L0535, we reject z‘ 1 ave convineing evidence

t} t the true mean difference (kh - l'lglii) in time it dl\cs to furn

the knob >0,

9.87 (a) Hypy =
difference in tomato vield (A = B). (b) df = 9. (¢} Interpretation:
Assumning that the average vield for both varieties is the same, there is

0 versus Hopy > 0, where gy is the true mean

a 0.1138 probability of getting a mean difference as large or larger
than the one observed in this experiment. Conclusion: Because the
Paalue of 0.1138 >
convineing (‘\'I(]GI]CC that the true mean difference in tomato vield
(A= B)> 0. (d) I: Finding convincing evidence that Variety A
tomato plants have a greater mean yield, when in reality there is no
difference. 1I: Not finding convincing evidence that Variety A fomato
plants have a higher mean yield, when in reality Variety A does have
a greater mean yield. They might have made a Type Il error.

9.89 Increase the significance level o or increase the sample

o = .05, we fail to reject Hy. We do not have

size 1.

9.91 When the sample size is very large, rejecting the null hypoth-
esis is very likely, even if the actual parameter is only slightly differ-
ent from the hypothesized value.

9.93 (a) No, in a sample of size n = 500, we expect to see about
(500)(0.01) = 5 people who do better than random guessing, with
a significance level of 0.01. (b) The researcher should repeat the
procedure on these four to see if they again perform well.

9.95 b

9.97 d

9.99 ¢

9.101

9.103 (a) Not included. The margin of error does not account for
undercoverage. (b) Not included. The margin of error does not
account for nonresponse. (c) Included. The margin of error is cal-
culated to account for sampling variability.

Answers to Chapier 9 Review Exercises

R9.1 (a) Hy e =642, Hy: pt # 64.2, where p = the true mean
height of this year's female graduatcs from the local high school.
(b) H cp =075 Hep <0
all students at Mr. Starnes’s school who completed their math
homework last night.

R9.2 Random: Random sample. 10%: The sample size (24) < 10%
of the population of adults. Normal/Large Sample: The histogram
below shows that the distribution is roughly symmetric with no

outliers.

75, where p = the true proportion of

frequency

e AN VU N PR

T T T T T T

IS 18 21 24 27 30 33 36

Time (seconds)
where j = the true

Finding convincing
pounds, wheri

R9.3 (a) Hy:pe= 300 versus H,: o < 300,
mean breaking strength of these chairs. (b) 1
evidence that the mean breaking strength <300
reality it is 300 pounds or higher. Consequence: falsely accusing the
company of lying. 1l Net finding convincing evidence that the
when in reality i <300
pounds. Il
chairs that don't work as well as advertised. (¢) Because a Type If
error is more serious, increase the probability of a Type T errof by
If the true mean breaking strength 15 294
that we will find convin¢ing

mean brcaking strength <300 pounds,
Consequence: allowing the company to continue to $¢

using o = 0.10. (d)

pounds, there is a (.71 probability




200.0267) = 0.0534. Because the Pvalue of L0534 > o = 0.05, we

fail to reject Hy. There is not convincing evidence that the true

mean amount of the active Ingredient in Aspro tablets from this
batch of production differs from 320 mg.

page 583 1.8 Hype =8 versus Hepe <08, where o is the true
mean amount of sleep that students at the professor’s school get
each night. P: Onesample ¢ test for g Random: Random sample.
10%: The sample size (28) << 10% of the population of students.
Normal/Large Sample: The histogram below indicates that there is
not much skewness and no outliers.

94

Frequency
foalS B e

L S T

1 T 1 T
30 45 60 7.5 9.0 105120

Sleep (hours)

D: x=6.643 and s, = 1.981. t = —3.625 and the P-value is be-
tween 0.0005 and 0.001. Using technology: P-value = 0.0006.
C: Because our P-value of 0.0006 < a = 0.05, we reject Hy. There
is convincing evidence that students at this university get less than
8 hours of sleep, on average.

page 586: 1. S: Hyp = 128 versus Hyp 7 128, where p is the
true mean systolic blood pressure for the company’s middle-aged
male employees. P: One-sample ¢ test for . Random: Random
sample. 10%: The sample size (72) < 10% of the population of
middle-aged male employees. Normal/Large Sample: n = 72 = 30.
D:t=1.10 and P-value = 0.275. C: Because our P-value of
0.275 > a = (.05, we fail to reject Hy. There is not convincing
evidence that the mean systolic blood pressure for this company’s
middle-aged male employees differs from the national average of
128. 2. We are 95% confident that the interval from 12643 to
133.43 captures the true mean systolic blood pressure for the com-
pany’s middle-aged male employees. The value of 128 is in this
interval and therefore is a plausible mean systolic blood pressure for
the males 35 to 44 vears of age.

page 589 S: Hyprg = 0 versus Hypg > 0, where py is the true
mean difference (air — nitrogen) in pressure lost. P: Paired ¢ test
for 11y. Random: Treatments were assigned at random to each pair
of tires. Normal/Large Sample: n =31 = 30. D: x = 1.252 and
s, = 1.202. t = 5.80 and P-value = 0. C: Because the P-value of
approximately () < o = .05, we reject Hy. We have convincing
evidence that the true mean difference in pressure {air — nitrogen)
> (. In other words, we have convincing evidence that tires lose
less pressure when filled with nitrogen than when filled with air,

on average.

Answers to Odd-Numbered Section 9.3 Exercises

9.65 Random: Random sample. 10%: The sample size (45) << 10%
of the population size of 1000, Normal/Large Sample:
n=45= 30,

9.67 The Random condition may not be met, because we don't
kiow if this is a random sample of the atmosphere in the Cretaceous
era. Also, the Normal/lLarge Sample condition is pot met. The
sample size < 30 and the histogram below shows that the data are

strongly skewed to the left.

Solutions

Frequency

Lol ]

2
1 1 i
R EETRE P
o H i : 1 H
48 32 56 &) 64
Nitrogen (percent}
1257 = 115

9.69 (a)t= = 2.409. (b) For this test, df = 44. Using

29.8/V45
Table B and df =40, we have 0.01 < P-value < 0.02. Using
technology: tedf (lower:2.409, upper:1000, df:44)
= 0.0101.
9.71 (a) Using Table B and df =19, we have 0.025 < P-value
< 0.05. Using lechnology: P-value = 0.043. 5%: Because the
P-value of 0.043 < a = 0.05, we reject Hy. There is convincing
evidence that ¢ < 5. 1%: Because the P-value of 0.043 > o = 0.01,
we fail to reject Hy. There is not convincing evidence that p <5,
(b) Using technology: P-value = 0.086. 5%: Because the P-value of
0.086 > a = 0.05, we fail to reject Hy. There is not convincing
evidence that g # 5. 1%: same as part (a).
9.73 (a) S: Hy: = 25 versus H,: pr > 25, where g is the true mean
speed of all drivers in a construction zone. P: One-sample t test for
4. Random: Random sample. 10%: The sample size (10) < 10% of
all drivers. Normal/Large Sample: There is no strong skewness or

outliers in the sample.

D:x=28.8 and 5, =394 t=3.05df =9, and the Pvalue is
0.01 (0.0069). C: Because the P-value of

0.0069 < a = 0.05, we reject Hy. We have convincing evidence

between 0.005 and

that the true mean speed of all drivers in the construction zone
> 25 mph. (b) Because we rejected Hy, it is possible we made a
Type 1 error—finding convincing evidence that the true mean
speed > 25 mph when it really isn’t.

9.75 (a) S: Hy:pe = 1200 versus H,p << 1200, where g is the true
mean daily calcium intake of women 18 to 24 years of age. P: One-
sample t test for g Random: Random sample. 10%: The sample
size (36) < 10% of all women aged 18 to 24, Normal/Large
Sample: n =362 30. Dit=—673 and P-value = 0.000. C:
Because the Pvalue of approximately 0 << o = 0.05, we reject Hy.
There is convincing evidence that women aged 18 to 24 are getting
less than 1200 mg of calcium daily, on average. (b) Assuming that
women aged 18 to 24 get 1200 mg of calcium per day, on average,
there is about a 0 probability that we would observe a sample mean

= §56.2 mg by chance alone.

977 5 Hye = 11.5 versus Hyope 22 115, where pis the true mean
hardness of the tablets. P: One-sample ¢ test for . Random: The
tablets were selected randomby. 10%: The sample size (20) < 10%
of all tablets in the batch, Normal/Large Sample: There is no strong

skevwness or outliers in the sample.




937 (a) P-value = 00143, 5% Because the Pwalue of
0.0143 < o= 0.05, we reject Hy. There is convincing evidence
that p > 0.5. 1%: Because the Pvalue of 0.0143 > o = 0.01, we
fail to reject Hy. There is not convincing evidence that p > 0.5,
(b) P-value = 0.0286. Because this P~value is still less than o = 0.05
and greater than o = 0.01, we would again reject Hy at the 5% sig-
nificance level and fail to reject Hy at thg 1% significance level.
9.39 S: Hyp = 037 versus H,:p > 0.37, where p = true propor-
tion of all students who are salisfied with the parking situation after
the change. P: One-sample z test for p. Random: Random sample.
10%: The sample size (200) < 10% of the population of size 2500.
Large Counts: 200(0.37) = 74 = 10 and 200(0.63) = 126 = 10
D:z =132, P-value = 0.0934. C: Because the P-value of
0.0934 > a = 0.05, we fail to reject Hy. We do not have convinc-
ing evidence that the true proportion of all students who are satis-
fied with the parking situation after the change > 0.37.

941 (a) S: Hep =050 versus Hyp > 0.50, where p is the true
proportion of boys among first-born children. P: One-sample z test

for p. Random: Random sample. 10%: The sample size
(25,468) < 10% of  all first-borns. Large Counts:
25,468(0.50) = 12,734 = 10 and  25468(0.50) = 12,734 = 10.

D:z =549, Pvalue=0. C: Because the P-value of approximately
0 < a =005 we reject Hy. There is convincing evidence that
firstborn children are more likely to be boys. (b) First-born chil-
dren, because that is the group that we sampled from.

9.43 Here are the corrections: Hy: p > 0.75; p = the true propor-
tion of middle school students who engage in bullying behavior;
10%: the sample size (558) << 10% of the population of middle

school students; npy = 558(0.75) = 418.5 = 10 and n(l — py) =
0.7975 — 0.75
558(0.25) = 1395 = 10,z = 200 0D _ 5 50
(0.75)(0.25)
558

P-value = (.0048. Because the P-value of 0.0048 < a = 0.05, we
reject Hy,. We have convincing evidence that more than three-quar-
ters of middle school students engage in bullying behavior.

9.45 S: Hy:p = 0.60 versus H,:p # 0.60, where p is the true pro-
portion of teens who pass their driving test on the first attempt.
P: One-sample z test for p. Random: Random sample. 10%:
The sample size (125) < 10% of AN tcens. Large Counts:
125(0.60) =75 = 10 and 125(0.40) = 50 = H,). D:z=201,
0.0444. C: Because our ]’A\'alnc of (.04 < o = \)AUS,

There is convincing evidence tlaat the true pr()porh(m

P-value =
we reject Hy,.
of teens who pass the driving test on their first attenipt is different
from (.60,

947 (a) D: (0.607.0.769). C: We are 95% confident
val from 0.607 to 0.769
pass the driving test on the first attemp

that the inter-
captures the true PI()P()]U()H of teens who
t. (b) Because 0.60 is not in
the interval, we have convincing c\:ldmu that the true proportion
of teens who pass the driving test on their first attempt is different
from 0.60.

949 No. Because the value 0.16 is included in the interval, we do
not have convincing evidence that the true proportion of US.

adults who would sav thev use Twitter differs from (.16,

951 (a) p = the true proportion of LLS. teens aged 13 to 17 whe
think ﬂm voung people xh(mH \\azl to have sex until marriage.
{b) Random: Random sample. 10%: The sample size (439) < 10%
of the population of all 1S, Counts:
439(0.5) = 219.5 = 10 and 439(0.3) =
that the true proportion of ULS. teens aged 13 to 17

teens.  Large
2195 = 10. (o) 3mummg
who th that
voung people should wait to have sex until marriage is 0.50, there is
a 0.011 probability of getting a sample ploportlon that is JH ast ag
different from 0.5 as the proportion in the sample. (d) Yes. Because
the Pvalue of 0.011 < o = 0.05, we reject Hy,. There is convincing
evidence that the true proportion of U.S. teens aged 13 to 17 who
think that young people should wait to have sex until marriage dif-
fers from 0.5.
9.53 (a) I: Finding convincing evidence that more than 37% of
students were satistied with the new parking arrangement, when in
reality only 37% were satisfied. Consequence: The principal believes
that students are satisfied and takes no further action. II: Failing to
find convincing evidence that more than 37% are satisfied with the
new parking arrangement, when in reality more than 37% are satis:
fied. Consequence: The principal takes further action on parking
when none is needed. (b) If the true proportion of students that are
satisfied with the new arrangement is really 0.45, there is a 0.75
probability that the survey provides convincing evidence that the
true proportion > 0.37. (c¢) Increase the sample size or signifi-
cance level.
9.55 P(Type D) = o = 0.05 and P(Type 1) = 0.22.
9.57 {(a) If the true proportion of Alz humer s patients who would
experience nausea is really 0.08, there is a .29 probability that the
results of the study would provide convincing evidence that the true
proportion < 0.10. (b) Increase the number of measurements
taken (1) to get more information. (¢) Decrease. If o is smaller, it
becomes harder to reject the null hypothesis. This makes it harder
to correctly reject Hy. (d)} Increase. Because 0.07 is further from the
null hypothesis value of 0.10, it will be easier to detect a difference
between the null value and actual value.
959 ¢
9.61 b
9.63 (a)X — Y hasa Normal distribution with mean px_y= — 0.2
and standard deviation oy_y = V(0.1)* + (0.05)? = 0.112. To fit
in a case, X — Y must take on a negative number. (b) We want
to fm( PX—Y < 0) using the N(—0.2,0.112) distibution.
_0-(~02)
0112
nology: 0.9629. There is a 0.9629 probability thata randomly selected
CD  will fit n a selected case. (¢) Pall fith =
(0.9620"" = (.0228. 0228 probability that all 100
CDswill i

=179 and P(Z < 1.79) = 0.9633. Using tech-

“<

randomly
There s a 0.
tin tlmn cases.

L

Section 9.3

Answers to Check Your Understanding

page 579 L Hy:p 5% 320, where -pp=
the true mean amount of active ingredient (in mxﬂléram\) i
Aspro tablets from this batch of production. 2. Random: ! Random
sample. 10%: The samp k of size 36 < 10% of the mpu]ahﬂn of
all tablets in this batch. Normal/Large Sample: n=36= 30.

319 — 320
SofEm—————= — 2 4
3/V 36

and df = 30, the tail area is between 0.025 and 0.05. Thus, fhe
Povalue for the twossided test is between 0.05 and 0.10. Usig
2tcdf {lower:—1000, upper:~2,df: 35) %

Hiype =320 versus

For this test, df = 35 Using Table B

technology:




6,13 o = 0.10: Because the Prvalue of 0.2154 > a =
to reject Hy. We do not have convineing evidence that the propor-
tion of lefi-handed students at Simon’s college is different from the
national  proportion.  a = 0.05: Because the Paalue  of
0.2184 > o = 0.05, we fail to reject Ho. We do not have convine-

Fleft-handed students at Simorr's

010, we fail

ing evidence that the proportion of
college is different from the national proportion.

9.15 o = 0.05: Because the Pvalue of 0.0101 < a =005,
reject Hq. We have convincing evidence that the true mean
score on the SSHA for all students at least 30 years of age at the
teacher’s college >115. o= 0.01: Because the P-value of
0.0101 > a = 0.01, we fail to reject H;,. We do not have convine-
hat the true mean score on the SSHA for all students

we

ing evidence t
at least 30 years of age at the teacher’s college >115.

9.17 Either Hy is true or Hy is alse —it isn't true some of the time
and not true at other times.

9.19 The P-value should be compared with a significance level
(such as a = 0.05), not the hypothesized value of p. Also, the data
never “prove” that a hypothesis is true, no matter how large or small

the P-value.

9.21 (a) Hyp =07, Hop < 6.7, where 1 represents the meun
response time for all accidents involving life-threatening injuries in
the city. (b) I: Finding convincing evidence that the mean response
time has decreased when it really hasn’t. A consequence is that the
city may not investigate other ways to reduce the mean response
fime and more people could die. 1I: Not finding convincing evi-
dence that the mean response time has decreased when it really
has. A consequence is that the city spends time and money investi-
gating other methods to reduce the mean response time when they
aren’t necessary. (c) Type [, because people may end up dying as a
result.

9.23 (a) Hyp = $85,000; H,op > $85.000, where p = the mean
income of all residents near the restaurant. (b) L Finding convine-
ing evidence that the mean income of all residents near the restau-
rant exceeds $85,000 when in reality it does not. The consequence
s that you will open your restaurant in a location where the resi-
dents will not be able to support it. 1: Not finding convincing evi-
Jence that the mean income of all residents near the restaurant
exceeds $85.000 when in reality it does. The consequence of this
error is that you will not open your restaurant in a location where
 the residents would have been able to support it and you lose poten-

_ tial income.
9.25 d

9.29 (a) P(woman) = 04168, so (24.611)(0.4168) = 10,258
degrees were awarded to women. (b) No. Plwoman) = (
which is not equal to P(woman I'bachelors) = 0.43.
(c) Plat least 1 of the 2 degrees carmed by a woman)

= | — P(neither degree is earned by a woman) =

(H,%S% (14332) o
- [ == = 0.6599
24,611 /\ 24,610

.

).4168,

Section 9.2
Answers to Check Your Understanding

page 560 S: Hup = 020 versus Hyp > 0.20, where p is the true
proportion of all teens at the school who would say they have elec-
tronically sent or posted sexually suggestive images of themselves.
P. Onesample 7 test for p. Random: Random sample. 10%:

The sample size (230) < 10% of the 2800 students. Large

250(0.2) = 30 = 10 and

Counts:

0252 —-10.20 . . -
—— L= 706 and P(Z = 2.06) = 0.0197. G Because
{10.20(0.50)

NEREET
the P-value of 0.0197
lence that more than 20% of the teens in ler school would

< a =005, we reject Hy. We have convine-
ing evic
say they have clectronically sent or posted sexually suggestive
images of themselves.

page 563 S: Hyup = 0.75 versus H,:p # 0.75, where pis the true
proportion of all restaurant employees at this chain who would say
that work stress has a negative impact on their personal lives. I
One-sample z test for p. Random: Random sample. 10%: The sam-
ple size (100) < 10% of all Large Counts:
100(0.75) = 75 = 10 and 10000.25) = 25 = 10.

_068-075 _

0.75(0.25)
N 100

lue of 0.1052 > o = 0.05, we fail to reject Hy. We

emplovees.

—1.62 and 2P(Z =— 1.62) = 0.1052. C:

Because the Pva
do not have convincing evidence that the true proportion of all res-
taurant employees at this large restaurant chain who would say that
work stress has a negative impact on their personal lives is different
from 0.75.
page 564
0.75. which means that 0.75 is a plausible value for the population

proportion that we are seeking. So both the significance test (which

The confidence interval given in the output includes

didn’t rule out 0.75 as the proportion) and the confidence interval
give the same conclusion. The confidence interval, however, gives
a range of plausible values for the population proportion instead of
only making a decision about a singte value.

page 569: 1. AType Il error. [f a Type L error occurred, they would
reject a good shipment of potatoes and have to wait to get a new
delivery. However, if a Type I error occurred, they would accept a
bad batch and make potato chips with blemishes. This might upset
consumers and decrease sales. To minimize the probability of a
Type 11 error, choose a large significance level such as a = 0.10
2. (a) Increase. Increasing o to 0.10 makes it easier to reject the
null hypothesis, which increases power. (b) Decrease. Decreasing
the sample size means we don't have as much information to use
when making the decision, which makes it less likely to correctly
rejcct Hy. (c) Decrease. It is harder to detect a difference of
0.02 (0.10 — 0.08) than a difference of 0.03 (0.11 — 0.08).

Answers to Odd-Numbered Section 9.2 Exercises

531 Random: Random sample. 10%: The sample size (60) < 10%
of all students. 60 (0.80) = 48 = 10 and
60 (0.20) = 12.= 10, ,

933 npy = 10(0.5) = 5 and n{l — po) = 1000.5) = 5 are both

Large  Counts:

0.683 — 0.80

227y=00116.

\/ ;;‘6_{)

Using technology: normalcdf upper :
g, o:1) =0.0116, The graph is given below.

{(lower:—1000,

—2.27, u:

b



olutions

entered. (b) It is likely that more than 171 respondents have run red
lights because some c people may lie and sav they haven't run a red
light. The margin of error does not account for these sources of
bias; it accounts only for sampling variability.

RET (a) St p =
sion for the cngilw crankshafts produced in one day. P: Onessample
¢ interval for te. Random: The data come from an SRS. 10%: the
(16} is less than 10% of all crankshafts produced in one

the true mean measurement of the critical dimen-

sample size {

day. Nornmal/Large Sample: the histogram shows no strong skew-

1ess or ()UH]’(;’TS‘

57 ]

]
e

T
22390 22395 224 0 224 05 22410

Frequency
£~
1

Crankshaft measurement (mm)

D: Using df = 15,(223.969, 224.035). C: We are 95% confident
that the interval from 223.969 to 224.035 mm captures the true
mean measurement of the critical dimension for engine crank-
shafts produced on this day. (b) Because 224 is a plausible value
in this interval, we don't have convincing evidence that the process
mean has drifted.

00
RS.S Solving 1.%(’[> = 1000 gives n = 35.
\

R8.9 (a) The margin of error must get larger to increase the cap-
ture rate of the intervals. (b) If we quadruple the sample size, the
margin of error will decrease by a factor of 2.

R8.10 (a) When we use the sample standard deviation s, to esti-
mate the population standard deviation o. (b) The ¢ distributions
are wider than the standard Normal distribution and they have a
slightly different shape with more area in the tails. (c) As the de-
grees of freedom increase, the spread and shape of the t distribu-
tions become more like the standard Normal distribution.

Answers to Chapter 8 AP® Statistics Practice Test

8.2 d

0 d
P {a) S p = the true proportion of all visitors to Yellowstone

who would say thev favor the restrictions. P: One-sample 7 interval
Random: the visitors were selected randomly, 10%: the
HI% of all wvisitors to Yellowstone
\atimm] Park. Large Counts: np =89 = 10 and n(l — p) =

61 = 10, D: (0490, 0.696). C: We are 99% confident that the

1490 to 0.696 captures the true proportion of all visi-

for p.
sample size (1507 is less than

iutc’r\'a, from {
tors who would sav that they favor the restrictions. (b) Because there

are values smaller than 0.50 in the confidence interval, the U.S.

Forest Service cannot conclude that more than half of visitors to
Yellowstone National Park favor the proposal.

1812 (a) Because the sample size is large (n =48 = 30), the
Normal/Large Sample condition is met. (b) Maurice’s interval uses
a = critical value instead of a ¢ eritical value. Also, Maurice used the
wrong value in the square root—it should be n = 48. Corect:

. 76
Using  df = 40,0208 = 2. 7}( = )) (G.A457,6959). Using
V48
tc}c/mo[ov\“ (5.46, 6.956) with df = 47,
18.13 S: pp= the true mean number of bacteria per milliliter of

raw lﬂl“\ received at the factory. P: One-sample ¢ interval for .
Random: The data come from a random sample. 10%: the sample
size (10) is less than 10% of all 1l specimens that arrive at the
factory. Normal/Large Sample: the dotplot shows that there is no
strong skewness or outliers.

2
- s ® o3 P . o
T T T

3 T T T
4560 46800 4800 4920 S040 5160 5280 5400
Bacteria/ml

D: Using df = 9,(4794.37,5105.63). C: We are 90% confident that
the interval from 4794.37 to 5105.63 bacterial/ml captures the true
mean number of bacteria in the milk received at this factory.

Se»cmﬂ \}.?

Answers to Check Your Understanding

page 541: 1. (a) p = proportion of all students at Jannie’s high
school who get less than § hours of sleep at night. (b) Hy:p = 0.85
and H,:p 5% 0.85. 2, (a) = true mean amount of time that it
takes to complete the census form. (b) Hy:pe = 10 and H,:p > 10.
page 549: 1. Finding convincing evidence that the new batteries
last longer than 30 hours on average, when in reality their true
mean lifetime is 30 hours. 2. Not finding convincing evidence
that the new batteries last longer than 30 hours on average, when in
reality their true mean lifetime >30 hours, 3. Answers will vary, A
consequence of a Type I error would be that the company sperids
the extra money to produce these new batteries when they aren't
any better than the older, cheaper type. A consequence of a Type Il
error would be that the company would not produce the new batter-

{

ies, even though they were better.

Answers to Odd-Numbered Section 9.1 Exercises

9.1 Hype=115; Hpo > 115, where g is the true mean score on
the SSHA for all students at least 30 years of age at the teacher’s
college.

9.3 HQ p =012 Hyp # 0.12, where p is the true proportion of
lefties at his Lzrgc community college.

95 Hyo=3H,:o >3 where o is the true standard deviation of
the temperature in the cabin,

9.7 The null hypothesis is always that there is “no difference” oF
“no change” and the Vei]htm’nati\'(:‘ hvpothesis is what we suspect is
true. Correct: Hyp = 037, Hyp > 0.3

9.9 Hypotheses are (1]\\ avs about population parameters. Correct:
Hyge = 1000 grams; H:p0 < 1000 grams.

1 (a) The attitudes of older students do not differ from o’{h_i’f
students, on average. {b) Assuming the mean score on the SSHA for
students at least 30 vears of age at this school is really 115, there is 4
0.0101 probability of getting a sample mean of at least 12
chance in an SRS of 45 older students,

5.7 just by




aQ

95% confident that the interval from 2.001 to 2.699 captures the

true mean size OT “TC Hi\l\(‘l > gap for the pnpuhlh(m Ht American

and European youngmen. (b) The large samplesize (n = 200 = 30)
allows us to use a t interval for e

§.69 Siyp = the true mean fuel efficiency for this vehicle. P: One-
sample ¢ interval for . Random: the rtcmdx were selected at ran-
dom. 10%: it is reasonable to assume that is less than 10% of all
records for this vehicle. Normal/Large Samplc: the histogram does
not show any strong skewness or outliers.

5

e

4

Frequency
R
L

D: Using df = 19, (17.022, 19.938). C: We are 95% confident that
the interval from 17.022 to 19.938 captures the true mean fuel ef
ficieney for this vehicle.

$.71 (a) S: ;e = the true mean difference in the estimates from
these two methods in the population of tires. P: One-sample ¢ inter-
val for pr. Random: A random sample of tires was selected. 10%: the
sample size (16) is less than 10% of all tires. Normal/Large Sample:
The histogram of differences shows no strong skewness or outliers.

1

T H
8 10
Difference (weight — groove)

Frequency
-

D: Using df = 15,(2.837, 6.275). C: We arc 95% confident that
the interval from 2.837 to 6.275 thousands of miles captures the
true mean difference in the estimates from these two methods in
the population of tires. (b) Because 0 is not included in the confi-
dence interval, there is convincing evidence of a difference in the
two methods of Cstim'xtinﬂ tire wear.

7.5 ) -
8.73 Solving 2.57 76 —= = 1 gives n = 374,
n
875 b
5.77 b
79 (d) Becanse the sum of the probabilities mmt be I, PN = 7)
= 0.57.(b) sy = 544 I we were to randomly select many young

people, the average number of days they watched television in the
past 7 davs wouldbe about 5.4 (¢) Because the sample sizeris large
{(n = 100 = 30), we expect the mean number of days x for 100 ran-
domly selected voung people {aged 19 to 257 to be approximately
Normally distributed with mean g+ = p= 544 Because the sam-
ple size (1007 is less than 10% of all voung people aged

- .- . a
19 to 25, the standard deviation 15 0. = —= = —==

We wanl to find Px = 4.96). 1 = ————= — 2.24 and

Seolutions

P(Z = =2.24) = 5. Using technologv:normalcdf (Lower:
-~1000, upper 96, B 5.44, o©:0.214) = 00124
There is a 0.0124 prob: 11) lity of getting a sample mean of 4.96 or
smaller Bk(_d”%( this probability is small, a sample mean of $.96 or
smaller would be surprising.

Answers 1o Chapler 8 Review Exercises

1 - 0.94 . ' ;
R8.1 (a) - = 0.03, and the closest area is (.0301, corre-
sponding to a critical value of 2% = 1.88. Using technology:

invNorm(area:0.03, n:0, o:1) = —1881 so z"=
1.881. (b) Using Table B and 50 degrees of freedom, ¢ = 2.678.

Using fechnology: invT (area:0.005, df:57) = —2.665, s0
t* = 2.605.
_ 430+ 470 o . -
RE82 (a) x = = 450 minutes. Margin of error = 470
— 450 = 20 minutes. Because n = 30, df = 29 and t* = 2.045.
Sx S, - .
Because 20 = 2.045 _standard error = ——= = 9.780 minutes
V30 V30

and s, = 53.57 minutes. (b) The confidence interval provided

gives an interval estimate for the mean lifetime of batteries pro-
duced by this company, not individual lifetimes. (c) No. A confi-
dence interval provides a statement about an unknown population
mean, not another sample mean. (d) If we were to take many sam-
ples of 30 batteries and compule 95% confidence intervals for the
mean lifetime, about 95% of these intervals will capture the true
mean lifetime of the batteties.

R8.3 (a) p = the proportion of all adults aged 18 and older who
would say that football is their favorite sport to watch on television.
It may not equal 0.37 because the proportion who choose football
will vary from sample to sample. (b) Random: The sample was ran-
dom. 10%: The sample size (1000) is less than 10% of all
adults. Large Counts: np =370 = 10 and n(l = p) = 630 = 10

{c) 0.37 = 1. )6\/ )6;) =(0.3401,0.3999). (d) We are 95%
confident that the mter\al from 0.3401 to 0.3999 captures the true
proportion of all adults who would say that football is their favorite
sport to watch on television.

R84 (a) = mean IQ score for the 1000 students in the school.
(b) Random: the data are from an SRS. 10%: the sample size
(60) is less than 10% of the 1000 students at the school.
Normal/Large Sample: n = 60 = 30. (c) Using df = 50,114.98

14.8 ~
1.67 6( ) (111.778,118.182), Using technology: (111.79,
V60

118.17) with df = 59. (d) We are 90% confident that the interval
from 111.79 to 118.17 captures the true mean 1Q score for the 1000
students in the school.

I /(15(0,5)
R85 Solving 2.5 6\ —

= 0.01 gives n = 16,590

n
R5.6 (a) S: p = the true proportion of all drivers whe have run al
least one red light in the last 10 intersections they have entered. P
One-sample = interval for p. Random: the drivers were selected at
random. 10%: The sample size (8807 15 less than 10% of 11] drivers.
Large (‘(mnts' np=171= 10 and n{l —p) =709 = 10

D:(0.168.0.220). C: We are 95% confident that the interval from
0.168 10 .22 3 captures the true proportion of all drivers who have
rumn at least one red light i the last 10 intersections they have



Solutions

than 10% of the population of all students taking the SAT twice.
Large  Counts: np =427 = 10 and n(l — py=2733 = |0
D:(0.119, 0.151). C: We are 99% confident that the interval from
0.119 to 0.151 captures the true proportion of students retaking the
SAT who receive coaching.

841 (a) We (lu not know the sample sizes for the men and for the

wornen. (b) The margin of error for women alone would be greater
N
3

thar 0.0 bccdusa ch sample size for women alone is xma]]m than
1019.

§.43 (a) Solving 1. 647\ = 0.04 gives n = 318,

= 0.04 gives n 2 423, In this case, the

(b) Solving 1.645 0.5
Solving 1.645
) Solving 1.6 \

n

sample size needed is 105 people larger.

10.5(0.5
5.45 Solving 1.96\ —¥ = 0.03 gives n = 1068.
;

_ o . 0.640.36) C o an T

47 (a) Solving 0.03 = z \ Tozg givesE = 2.00. The con-
fidence level is likely 95%, because 2.00 is very close to 1.96.
(b) Teens are hard to reach and often unwilling to participate in
surveys, so nonresponse is a major “practical difficulty” for this type
of poll.
8§49 a
851 ¢
5.53 (a) A histogram of the number of accidents per hour is given
below.

-

Frequency
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(b) A graph of the

number of accidents is given below.
35
ul
<]
X
s

(SR

Number of accidents

T T T T T T
204 6 8§ 101214 16 18 2022 24

Hour of the day

{c) The histogram in part (a) shows that the number of accidents
has a distribution that is skewed to the right. (d) The graph in part
b shows that there is a cvclical nature to the nunber of accidents.

ks 2w

Answers 1o Ci eck Your Understandmg

page 514 df = T = 2189 Using z’ec/nm[ouw“ invT
(area:0. 02, af = 21> = =2189, 508" = 2,189, 2. df = 70,
7 = 2660 {using df = 605 Using fcc/u'zo/og}‘: invT (area:
0.005, df =70) = —=2.648, 501" = 2.648.

5220 5 We are trving to estimate 11 = the true mean healing
vl

pd
i

ate at a 95% umhdumc level. P: Onesample ¢ interval for .

Random: The description says that the newts were randomly cho-
sen. 10%: The sample size (18) is less than 10% of the population
of newlts. Normal/Large Sample: The histogram below shows no

strong skewness or (mthus‘ 50 (lns condition is met.

4

Frequency

4
} {‘
W | ; |
]

U<’ E T T T T J j_Tl

1(1 15 20 25 30 35 40

Healing rate (micrometers/hr)

8.32
7 x 2.110<S >:Z 67 =
18

are 95% confident that the interval from 21.53 to 29.81 micro-
meters per hour captures the true mean healing time for newts.

D: 25,

D

4=(2153,2981). C: We

page 524: U\mcr o =154 and z* = 1.645 for 90% confidence,
L645(154)0\?
30 = 1. 645—— Thus, n = ( 3( )> = 71.3, so take a sam-
\/— 30

students.

ple of 72

Answers to Odd-Numbered Section 8.3 Exercises

8.55 (a) t7 = 2.262.(b) t* = 2.86]. (c) t* = 1.671 ¢ {using technol-
ogy: t* = 1.665).
8.57 Because the sample size is small (n = 20 < 30) and there are

outliers in the data.
8.59 (a) No, because we are trying to estimate a population propor-
tion, not a population mean. (b) No, because the 15 teamn members
are not a random sample from the population. (c) No, because the
sample size is small (n = 25 < 30) and there are outliers in the
sample.

9.3 —one L s
5:61 SE = —===1.7898. If we take many samples of size 27,

27

the sample mean blood pressure will typically vary by about 1.7898

from the population mean blood pressure.

S, .
8.63 (a) Because 19.03 = —== 5, = 91.26 cm. (b) They are using
V23

a critical value of 1 = 1. With df = 22, the area between £ =
upper: 1,

=1l and t = | is approximately tcdf (lower: —1,
df: 22) = 0.67. So, the confidence level is 67%.

8.65 (a) S:pp = the true mean percent change in BMC for breast:
feeding mothers. P: One-sample ¢ interval forje. Random: the moth:
ers were randomly selected. 10%: 47 is less than 10% of all
breast-feeding mothers. Normal/Large Sample: n =47 = 30 b:
Using df = 40, (-4 5"" —2.605). Using technology: { (4569,
—2.605) with df = 46. C: We are 99% ((Jnﬂ(knt that the interval
from —4.569 to —2.605 cdpmrcs the true mean percent change i
BMC for breast-feeding mothers. (b) Because all of the plansib]e
values in the interval are negative (indicating bone loss), the data
give convincing evidence that breast- fudmg mothers lose bone
mineral, on average.

5.67 {a) S: = the true mean size of the muscle gap for the popt-
lation of American and European voung men. P: One-sample ¢
interval for 1. Random: the you g men were randomly selected:
10%: 200 1s less than 10% of voung met in America and Furope:
Normal/Large Sample: n = 200 = 30. D: Using df = 5, (1 999,
2700). Using technology: (2.001, 2,6()9; with df = 1()‘) (./, Weare




8.9 (a) We are 95% confident that the interval from 0.63 o 0.69
captures the true proportion of those who favor an amendment to
the Constitution that would permit organized prayer in public

: . . 063+ 0.69
schools. (b) Point estimate = p = —————

of error = 0.69 — 0.66 = 0.03. (¢) Because the value 2/3 = 0.667
{and values less than 2/3) are in the interval of plausible values,
there is not convincing evidence that more than two-thirds of U.S.
adults favor such an amendment.

8.11 Because only 84% of the intervals actually contained the true
parameter, these were probably 80% or 90% confidence intervals.
§.13 Answers will vary. One practical difficulty is response bias:
people might answer “yes” because they think they should, even if
they don't really support the amendment.

8.15 Interval: We are 95% confident that the interval from 10.9 to
26.5 captures the true difference (girls — boys) in the mean num-
ber of pairs of shoes owned by girls and boys. Level: It this sampling
process were repeated many times, approximately 95% of the result-
ing confidence intervals would capture the true difference (girls —
boys) in the mean number of pairs of shoes owned by girls and boys.
8.17 Yes. Because the interval does not include 0 as a plausible
value, there is convincing evidence of a difference in the mean
number of shoes for boys and gitls.

8.19 (a) Incorrect. The interval provides plausible values for the
mean BMI of all women, not plausible values for individual BMI
measurements. (b) Incorrect. We shouldn’t use the results of one
sample to predict the results for future samples. (¢) Correct. A con-
fidence interval provides an interval of plausible values for a param-
eter. (d) Incorrect. The population mean doesn’t change and will
either be a value between 26.2 and 27.4 100% of the time or 0% of
the time, (e) Incorrect. We are 95% confident that the population
mean is between 26.2 and 27.4, but that does not absolutely rule
out any other possibility.

821b

8.23 e

8.25 (a) Observational study, because there was no treatment
imposed on the pregnant women or the children. (b) No. We can-

= (.66 and margin

not make any conclusions about cause and effect because this was
not an experiment.

Section 8.2

Answers to Check Your Understanding

page 496: 1. Random: not met because this was a convenience
sample. 10%: met because the sample of 100 is less than 10% of the
population at a large high school. Large Counts: met because 17
successes and 83 failures are both at least 10. 2. Random: met
because the inspector chose an SRS of bags. 10%: met because the
sample of 25 is less than 10% of the thousands of bags filled in an
hour, Large Counts: not met because there were only 3 successes,
which is less than 10.

page 499: 1. p = the true proportion of all US. college students
who are classified as frequent binge drinkers. 2. Random: met
because the statement says that the students were chosen randomly.
10%: met because the sample of 10,904 is less than 10% of all U.S.
college students. Large Counts: met because 2486 successes and
1-0.99
— =

§418 failures arc both at least 10. 3. 0.005 and the

Solutions

closest area in Table A is D.0051 {or 0.0049), corresponding to a

critical value of % =157 f{or 258). Using technology:
invNorm{area:0.005, u:0, o:1) = —2576, 50 2" =
|
[0.228(1 — 0.228)
2.576. 0.228 £ 2576, ———————— = 0228 = (1.010 =
\/ 10904

(0.218,0.238). 4. We are 99% contident that the interval from
0.218 and 0.238 captures the true proportion of all U.S. college
students who are classified as frequent binge drinkers.

. o 0.80(0.20) )
page 503: 1. Solving 1.%\ . = 0.03 tor n gives
n = 682.95. We should select a sample of at least 683 custorn-
ers. 2. The required sample size will be larger because the critical
value is larger for 99% confidence (2.576) versus 95% confidence
(1.96). The company would need to select at least 1180
customers.

Answers to Odd-Numbered Section 8.2 Exercises

8.27 Random: met because Latoya selected an SRS of students.
10%: not met because the sample size (50) is more than 10% of the
population of seniors in the dormitory (175). Large Counts: met
because np = 14 = 10 and n(1 — p) = 36 = 10.

8.29 Random: may not be met because we do not know if the
people who were contacted were a random sample. 10%: met
because the sample size (2673} is less than 10% of the population
of adult heterosexuals. Large Counts: not met because np =
2673(0.002) = 5 is not at least 10.

1-098 .
8.31 = 0.01, and the closest area is 0.0099, correspond-
ing to a critical value of z* = 2.33. Using technology: invNorm
(area:0.01, u:0, o:1) = —23206,50z" = 2.320.

§.33 (a) Population: seniors at Tonya’s high school. Parameter:
true proportion of all seniors who plan to attend the prom.
(b} Random: the sample is a simple random sample. 10%: The
sample size (50) is less than 10% of the population size (750). Large
Counts: np =36 = 10and n(l - p) = 14 = 10.

{c) 0.72 x 1.645. 0.72(0.28)
R 50

(d) We are 90% confident that the interval from 0.62 to 0.82 cap-
tures the true propertion of all seniors at Tonya's high school who

=072 = 0.10 = (0.62, 0.82).

plan to attend the prom.

§.35 (a) S: p = the true proportion of all full-time U.S. college
students who are binge drinkers. P: One-sample z interval for p.
Random: the students were selected randomly. 10%: the sample
size (5914} is less than 10% of the population of all college stu-
dents. Targe Counts: np = 2312 = 10 and n(l - p) = 3602 =
10. D: (0.375, 0.407). C: We are 99% confident that the interval
from 0.375 to 0.407 captures the true proportion of full-time U.S.
college students who are binge drinkers. (b) Because the value
0.45 does not appear in our 99% confidence interval, it isn’t plau-
sible that 45% of full-time U.S. college students are binge
drinkers.

§.37 Answers will vary. Response bias is one possibility.

5.39 S: p = the true proportion of all students retaking the SAT
who receive coaching. P: One-sample z interval for p. Random: the
students were selected randomly. 10%: the sample size (3160) is less




