Chapter 8
Sampling Distributions

Section 8.1

L.

The sampling distribution of a statistic (such as

" the sample mean) is a probability distribution for

10.

11.

. o
. four; to see this, note that o5 = T

all possible values of the statistic computed from
a sample of size n.

The Central Limit Theorem states that,
regardless of the distribution of the population,
the sampling distribution of the sample mean, ¥,

becomes approximately normal as the sample
size, n, increases (provided oy is finite).

standard error; mean

ZET0

The mean of the sampling distribution of X is
given by g5 = u and the standard deviation is

given by o5 = g
T

. To say that the sampling distribution of x is

normal, the population must be normal. That is,
the distribution of X must be normal.

175

b~
sl

. True

. The sampling distribution of ¥ would be exactly

normal. The mean and standard deviation would

be iz = =30 and o5 = =2.530,
N

No, the population does not need to be normally
distributed because the sample size is sufficiently
large, n=40230. The sampling distribution is
approximately normal {or exactly normal if the
population is normally distributed) with mean

4 2
50and o =2 -2 =0.632.
N Jn Jao Ji0
o 14 14
80 = eemimm TT e TZ e 25
=H= n 49 7
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12.

13,

15.

16.

) ] 18 18
- = =64;0‘ =——=-—=-—-—=3
He =M1 ¥ - 36 6
- g 10
— = =52; 0‘-.-:-—:——‘-—'-‘2.]82
x = H ks 21
Hr=p=27; 0O =L = 1.549
¥ T e 5T

a,

The sampling distribution is symmetric
about 500, so the mean is g = 500.

The inflection points are at 480 and 520, so
o5 =520-500=20 (or 500—-480=20).

Since n=16 £30, the pdpulation be must be
normal so that the sampling distribution of
¥ is normal.

o
=T
a
20=—=
V16

o =204/16 = 20(4) = 80
The standard deviation of the population
from which the sample is drawn is 80.

The sampling distribution is symmetric
about 12, so the mean is 45 =12,

The inflection points are at 11.95 and 12.05,
"s0 oF =12.05-12=0.05

Since n =9 < 30, the population be must be
normal so that the sampling distribution of ‘
X is normal.

05 =

0.05=

&lo Ho

o =0.0549 =0.05(3) = 0.15
The standard deviation of the population
from which the sample is drawn is 0.15.




17. (a)

(b)

©

(d)

Since =80 and o =14, the mean and
standard deviation of the sampling
distribution of X are given by:
M= u=80; o= -_—i=i=li=

AT R T T
We are not told that the population is
normally distributed, but we do have a large
sample size ( n =49 2 30 ). Therefore, we
can use the Central Limit Theorem to say
that the sampling distribution of ¥ is
approximately normal.

83-80
2

P(x>83)= P(Z>

= P(Z >1.50)
=1-P(Z <1.50)
=1-0.9332

= 0.0668 .
If we take 100 simple random samples of
size n=49 from a population with u = 80

and & =14, then about 7 of the samples
will result in a mean that is greater than 83.

P(x<758)= P[Z < Li_?g)

= P(Z <-2.10)

=0.0179
If we take 100 simple random samples of
size # =49 from a population with g = 80
and o =14, then about 2 of the samples
will result in a mean that is less than or
equal to 75.8,

P(783 <X <85.1)

_p 78.3-80 <7< 85.1-—80J
2 2

= P(-0.85< Z < 2.55)
=0.9946-0.1977
=0.7969 [Tech: 0.7970]

If we take 100 simple random samples of
size n =49 from a population with & =80
and o =14, then about 78 of the samples

will result in a mean that is between 78.3
and 85.1.
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18. (a)

(b)

(©)

(@)

Since 4 =64 and o =18, the mean and

standard deviation of the sampling
distribution of ¥ are given by:

- = =64 : o'_—_o-_—.._.li=g_
ﬂx ALl 4 x \/; \/E 6
We are not told that the population is
normally distributed, but we do have a large
sample size (# =36 2 30). Therefore, we
can use the Central Limit Theorem to say
that the sampling distribution of ¥ is
approximately normal.

P(¥<62.6)= P(Z < 22—'2_:&)

N 2
= P(Z <~0.47) -
=0.3192 [Tech:0.3204]

[f we take 100 simple random samples of
size n = 36 from a population with = 64

and ¢ =18, then about 32 of the samples
will result in a mean that is less than 62.6.

3
=P(Z2157)
=1-P(Z<1.57)
=1-0.9418

=0.0582 [Tech:0.0586]
If we take 100 simple random samples of
size n =36 from a population with u =64
and o =18 then about 6 of the samples will
result in a mean that is greater than or equal
to 68.7.

P(59.8<X < 65.9)
(59.8—64 _ 65.9—64J
=P ——n-—-<x<_—

~

3 3

P(X 268.7)= P(Z > M)

=P(-1.40 < Z < 0.63)
=(0.7357 - 0.0808

=0.6549 [Tech:0.6560]

[f we take 100 simple random samples of
size n = 36 from a population with =64
and ¢ =18, then about 65 of the samples

will result in a mean that is between 59.8
and 65.9.
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19. (a) The population must be normally distributed.
If this is the case, then the sampling
distribution of X is exactly normal. The
mean and standatd deviation of the sampling
distribution are g5 = g =64 and

o 17
O =—==——==4.907.
Jn 12
67.3—64
b) P(x<673)=P|Z<——
®) PG ) [ 17/«/EJ
= P(Z<0.67)

=0.7486 [Tech: 0.7493]
1f we take 100 simple random samples of size
n =12 from a population that is normally
distributed with ¢ =64 and ¢ =17, then
about 75 of the samples will result in a mean
that is less than 67.3.

©

P(x2652)= P(Z > 65'2"64J

17/412
= P(Z 20.24)
=1-P(Z <0.24)
=1-0.5948
=0.4052 [Tech: 0.4034]

If we take 100 simple random samples of size
n =12 from a population that is normally
distributed with =64 and o =17 then
about 41 of the samples will result in a mean
that is greater than or equal to 65.2.
20. (a) The population must be normally distributed.
[f this is the case, then the sampling
distribution of X is exactly normal. The
mean and standard deviation of the sampling
distribution are 4 = ¢ =64 and

o 17

O =—==—==3.801.
*dn 20

(b)

P(x<673)= P(Z 673'“]

<—.
17/20

= P(Z <0.87)

=0.8078 [Tech: 0.8073]

If we take 100 simple random samples of size
» =20 from a population that is normaily
distributed with & =64 and o =17, then

about 81 of the samples will result in a mean
that is less than 67.3.
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©

_ 65.2~64
P(x = 65.2)= P(ZZ—I'T_/\/_I_-E_)
= P(Z 2032)
=1-P(Z <0.32)
=1-0.6255
=0.3745 [Tech: 0.3761]

If we take 100 simple random samples of size
n =20 from a population that is normally
distributed with 4 =64 and o =17 then

about 37 of the samples will result irra mean
that is greater than or equal to 63.2.

(d) Answers will vary. The effect depends on

21 (@)

(b)

)

the nature of the probability-—some are
increased and some are decreased. For
example, increasing the sample size
increases the probability that ¥ < 67.3 but
decreases the probability that X 2 65.2 .
This happens because o5 decreases as
increases. The standard deviation of the
sampling distribution in Problem 20 is
smatler than the standard deviation of the
sampling distribution in Problem 19.

260~ 266)
< ——
16
= P(Z <—0.38)
=0.3520 [Tech: 0.3538]

If we select a simple random sample of

n =100 human pregnancies, then about 35
of the pregnancies would last less than 260
days.

P(X <260)= P[Z

Since the length of human pregnancies is
normally distributed, the sampling
distribution of x is normal with g =266

16
and oz = ——==3.578.
* V20 _
260—266
P(x<260)=P| Z <« —F—
( ) [ 16/+/20 J
=P(Z<—1.68)

=0.0465 [Tech: 0.0468]

If we take 100 simple random samples of
size # =20 human pregnancies, then about 5
of the samples will result in a mean
gestation period of 260 days or less.




i ——————

(d)

(e)

®

22. (a)

(b}

(o 16

O =—=
e 50
- 260-266 J
16/+/50
= P(Z <-2.65)
= 0.0040
If we take 1000 simple random samples of
size # = 50 human pregnancies, then about 4

of the samples will result in a mean
gestation period of 260 days or less.

o = =266

P(% <260) = P[Z

Answers will vary. Part {d) indicates that
this resuit would be an unusual observation.
Therefore, we would conclude that the
sample likely came from a population whose
mean gestation period is less than 266 days.

o = 1=266; 05 _7‘7_- f_
P(256 <X <276)
256 - 266 276266
=P <z<I =
[ 16/15 16/15 J

=P(-24257 <2.42)
=0.9922-0.0078

=0.9844 [Tech: 0.9845]

If we take 100 simple random samples of size
n =15 human pregnancies, then about 98 of
the samples will result in a mean gestation
period between 256 and 276 days, inclusive.

P(X <40)= P(Z <4°—”43'_7J
42

= P(Z <-0.88)
=0.1894 [Tech: 0.1892]

If we select a simple random sample of

n =100 males ages 20 — 29, then about 19 of
the males would have an upper leg length
that is less than 40 cm.

4.2
—==14
NG

P(% <40)= P(Z < 5_9%_)

M == 437 cr———
7

= P(Z <-2.64)

=(0.0041
If we take 1000 simple random samples of
size n = 9 males ages 20 — 29, then about 4
of the samples will result in a mean upper
leg length that is less than 40 cm.
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©

(@

(e)

23. (a)

)

ﬂf =ﬂ=437, O-E ——T=T-

40-43.7
P(x<40)=Pl 7 <
(x<40) [ 42/«./_J
= P(Z <~-3.05)

=0.0011 -
If we take 1000 simple random samples of
size n = 12 males ages 20 — 29, then about |
of the samples will result in a mean upper
leg length that is less than 40 cm.

Increasing the sample size decreases the
probability that ¥ < 40. This happens

because o decreases as # increases.

Yes, this result would be unusual because, if
o 42

My =4 =43.7 and oy =$:\/—E-’
46—43.7)

42/\15

=P(Z22.12)

=1-P(Z <2.12)

=1-0.9830

=0.0170
[f we take 100 simple random samples of size
1 =15 males ages 20 — 29, then about 2 of the
samples will result in a mean upper leg length
that is 46 cm or greater. This result qualifies

then

P(x246)= P(Z 2

as unusual.

P(X >95)= P(Z > 95]"090]
=P(Z>0.5)
=1-P(Z<05)
=1-0.6915
=0.3085

If we select a simple random sample of

n =100 second grade students, then about
31 of'the students would read more than 95
words per minute,

TR
P(%>95)= P(Z > 10/\/—)

= P(Z>173)
=1-P(Z< 1.73)
=1~0.9582

=0.0418 [Tech: 0.0416]

s = 4=90;
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©

(d)

(e)

24. (a)

1f we take 100 simple random samples of size
r = 12 second grade students, then about 4 of
the samples will result in a mean reading rate
that is more than 95 words per minute.

Mg =1=90; o5 g 10
= g ialY i
95-90
P(X>95)=P|Z>——
( ) ( 10/«/27]
= P(Z >245)
=1~ P(Z £2.45)
=1-0.9929

=0.0071 [Tech: 0.0072]
If we take 1000 simple random samples of size
n = 24 second grade students, then about 7 of
the samples will result in a mean reading rate
that is more than 95 words per minute.

Increasing the sample size decreases the
probability that ¥ >95. This happens
because o decreases as » increases.

No, this result would not be unusual because,
2 10
if i, = =90 and g5z =—
g NPT

92.8-90
P(x>928)=P| Z» e
( ,) [ 10/+/20 J

= P(Z >1.25)

=1-P(Z £1.25)

=1-0.8944

=0.1056 [Tech: 0.1052]
If we take 100 simple random samples of size
»n =20 second grade students, then about 11
of the samples will result in a mean reading
rate that is above 92.8 words per minute.
This result does not qualify as unusual. This

means that the new reading program is not
abundantly more effective than the old

then

program.
P(X >95)= P[Z > 95_85)
2125
= P(Z >0.47)
=1-P(Z<047)
=1-0.6808

=0.3192 [Tech: 0.3190]

If we select a simple random sample of
1= 100 time intervals between eruptions,

3ie

then about 32 of the intervals would be
longer thart 95 minutes.
o 2125
b) =1=85; 0% \['; — -\/—2_0_
95-85

21.25/~20 J
= P(Z >2.10)
=1-P(Z £2.10)
=1-0.9821
=0.0179 [Tech: 0.0177]

If we take 100 simple random samples of
size n =20 time intervals between eruptions,
then about 2 of the samples will result in a
mean longer than 95 minutes.

o 2125

“Jn VA0
9585

21.25/30 ]

= P(Z >2.58)

=1-P(Z <2.58)

=1-0.9951

=0.0049 [Tech: 0.0050]

If we take 1000 simple random samples of
size n =30 time intervals between eruptions,
then about 5 of the samples will result in a
mean longer than 95 minutes.

P(3c'>95)=P(Z>

() =u=85; oz

P{X>95)= P(Z >

(d) Increasing the sample size reduces the
probability that X >95 . This happens
because o decreases as n increases.

(e} Answers will vary. From part (¢) we see that
this is an unusual observation. Therefore, we
would conclude that the mean time between
eruptions of Old Faithful is actually longer
than 85 minutes. "~

P(X>0)= P[Z N 0—0.007233)
0.04135
=P(Z>-0.17)
=1~ P(Z<-0.17)
=1-0.4325
=0.5675 [Tech: 0.5694]
If we select a simple random sample of

25. (a)

= 100 months, then about 57 of the months

would have positive rates of return.

PR et o e e

wprna
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(b) =1 =0.007233; o5 _—%= 0':)21235 26. (a) P(X>34)= P(Z > 34_32)
P(f>0)=P[Z> 0—0.007233) =P(Z>0.57)
0.04135//12 =1~P(Z <0.57)
= P(Z>-0.61) =1-0.7157
=1-P(Z<-061) =0.2843 [Tech: 0.2839]
=1-0.2709 If we select a simple random sample of
=0.7291 [Tech: 0.7277) n =100 Cobalts, then about 28 of the Cobalts

will get more than 34 miles per gallon,
If we take 100 simple random samples of g pere

size » = 12 months, then about 73 of the a 3.5
samples will resuit in a mean monthly rate B) s =p=32; o5 \/— J_
that is positive.
: 34-32
P(E>34)=P(Z> J
© t = p=0007233; op =L = 004133 - 3.5/410
Jno 24 = P(Z>1381)
P(E>0)=P(Z>Mggj3—i] ~1-P(z<18))
(.04135//24 —1-0.9649
=P(2>-036) =0.0351 [Tech: 0.0354]
=1-P(Z< —0.86) If we take 100 simple random samples of size
=1-0.1949 n =10 Cobalts, then about 4 of the samples
=0.8051 [Tech: 0.8043] will result in a mean gasoline mileage that
o o " exceeds 34 miles per gallon.
If we take 100 simple random samples of
size n = 24 months, then about 81 of the © —u=32: o= _ 3.5
s;%mples will result in a mean monthly rate Y Un V20
that is positive, "
4-32
o P(f>34)=P(Z>~——° J
() f=u=0007233; o =-L 004135 3.5/:20
Jno 36 = P(Z >2.56)
P()?>O)=P[ 0~ 0007331) =1-P(Z <2.56)
0.04135/ =1-0.9948
=P(Z>-1.05) =0.0052 [Tech: 0.0053]
=1-P(Z<-1 .05) If we take 1000 simple random samples of
=1-0.1469 size n =20 Cobalts, then about 5 of the
=0.8531 [Tech: 0.8530] samples will result in a mean gasoline

mileage that exceeds 34 miles per gallon.

If we take 100 simple random samples of This result would be unusual.

size # = 36 months, then about 85 of the

sam[_JIes will result in 2 mean monthly rate 27. (a) Without knowing the shape of the distribution,

that is positive. we would need a sample size of at least 30 so
(e) Answers will vary. Based on the results of we could apply the Central Limit Theorem.

parts (b)~(d), the likelihood of earning a 32

positive rate of return increases as the (b) ur=pu=114; o3 = T J-—

investment time horizon increases.

10-114
Pix<I0)=P| 2 «———=
(F<10) ( 3.2/@)*
=P(Z<-2.77)
={.0028
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28. (a)

(b)

29. (a)

()

(©)

If we take 1000 simple random samples of
size n = 40 oil changes, then about 3 of the
samples will result in a mean time less than
10 minutes.

Because the distribution of time at the
window is skewed right, we would need a
sample size of at least 30 in order to apply
the Central Limit Theorem and compute
probabilities regarding the sample mean.

< 56.8-59.3 ]
T 13.1/4/40
=P(Z<-1.21)
=0.1131 [Tech: 0,1137]
If we take 100 simple random samples of size
1 = 40 cars, then about 11 of the samples will
result in a mean time of 56.8 seconds or less
spent at the window. This result is not

unusual, so the new system is not abundantly
more effective than the old system.

P(¥<56.8)= P[Z

The sampling distribution of X is
approximately normal because the sample is
large, n =502 30. From the Central Limit
Theorem, as the sample size increases, the
sampling distribution of the mean becomes
more normal.

Assuming that we are sampling from a
population that is exactly at the Food Defect

Action Level, g = =3 and
S (N = ~0245.
Jro 500 V50

3.6-3
P(x23.6)= P(Z 2=
31450 ]
= P(Z 22.45)
=1-0.9929
=0.0071 [Tech: 0.0072}

If we take 1000 simple random samples of
size n = 50 ten-gram portions of peanut
butter, then about 7 of the samples will
result in a mean of at least 3.6 insect
‘fragments. This result is unusual. We might
conclude that the sample comes from a
population with a mean higher than 3 insect
fragments per ten-gram portion.
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30. (a)

(b)

©

3L (a)

()

©

The sampling distribution of X is
approximately normal because the sample is
large, »=402=30. From the Central Limit
Theorem, as the sample size increases, the
sampling distribution of the mean becomes
more normal.

== =20 and

lo3 J2_0 1

o == = |2 =0.707

*Jdn Ve N2 :

p(zzzz.1)=p(zz———j§_;j%J
= P(Z 22.97)
=1-0.9985

=0.0015
If we take 1000 simple random samples of
size n = 40 one-hour time periods, then about
2 of the samples will result in a mean of at
least 22.1 cars arriving at the drive-through.
This result is unusual. We might conclude
that business has increased and that the rate
of arrival is now greater than 20 cars per hour
between 12:00 noon and 1:00 P.M.

No, the variable “weekly time spent watching
television™ is not likely normally distributed.
It is likely skewed right.

Because the sample is large, n=40230,
the sampling distribution of X is
approximately normal with g = f1=2.35

3-235

=P £zZ<

(1.93/«/&3 1.93/@]
=P(-1.15£Z<2.13)
=0.9834-0.1251
=0.8583 [Tech: 0.8577]
If we take 100 simple random samples of
size # = 40 adult Americans, then about 86
of the samples will result in a mean time

between 2 and 3 hours watching television
on a weekday.

igta

SRR R e WIS, S



: o 193
(@) pr=p=235;
* I s
P(J?Si.89)=P( <13- 235J
T 1.93/435
= P(Z <-141)
= 0.0793

32. (a)

(b)

(c)

33. (a)

(b)

©

If we take 100 simple random samples of
size n = 35 adult Americans, then about 8 of
the samples will result in a mean time of
1.89 hours or less watching television on a
weekday. This resuit is not-unusual, so this
evidence is insufficient to conclude that avid
Internet users watch less television.

No, the variable “ATM withdrawal” is not
likely normally distributed. It is likely
skewed right.

Because the sample is large, n =350 230,
the sampling distribution of ¥ is

approximately normal with i = & =60
o 35
and 0y = —==——==4.950.
Jn 0
(70< % < 75)
( 70-60 _ . _ 75-60 J
35/J_ 35/J—

= P(2.02< Z £3.03)
= 0.9988 ~0.9783

=0.0205

If we take 100 simple random samples of
size n = 50 ATM withdrawals, then about 2
of the samples will result in 2 mean
withdrawal amount between $70 and §75.

Sx 232
=" =——=38.7
#EN TS

The population mean age is 38.7 years.

37,43; 37,29, 37,47, 37,36; 37,40;
43,29, 43,47, 43,36, 43,40; 29,47;
29,36; 29,40; 47,36; 47,40; 36,40

Obtain each sample mean by adding the two
ages in a sample and dividing by two.
= _37+43 - 37429

X 3 =40 yr; =33 yr;
¥= 37;47 —a2yr; 7231338 g6 sy
ete.
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% PE) %
32.5 | 1/15=0.0667 | 39.5
33 [ 1/15=0.0667 | 40
34.5 | 1/15=0.0667 | 41.5
36 [ 1/15=0.0667 | 42
36.5| 1/15=0.0667 | 43.5
38 |2/15=0.1333 | 45
38.5 [ 1/15=0.0667

P(%)
1/15~0.0667
1/15=0.0667
2/15=0.1333
1/15=0.0667
1115 = 0.0667
1/15=0.0667

C) sz=(32-5)[%}(33)[%J+...+(45)(%J

(e)

®

= 38.7 years

Notice that this is the same value we obtained
in part (a) for the population mean.

P(35.75%¥<41.7)

L,z 1 1.2 9
et —t—+ ===
1515 15715 15 1515 13

for part (b):
37,43,29;
37,43, 40;
37,29, 40;
37, 36, 40;
43,29, 40;
43, 36, 40;
29, 36, 40;

for part {¢):

Obtain each sample mean by adding the
three ages in a sample and dividing by three.

37,43,47,;
37,29,47,;
37,47, 36,
43, 29, 47;
43, 47, 36;
29,47, 36;
47,36,40

37,43, 36;
37,29, 36;
37,47, 40,
43,29, 36;
43, 47, 40,
29, 47, 40;

f=37+z;3+29=36'3y15
PEIAL LIRS
I\:=*37+43+36=38.7yr;etc

3
¥ P(x) ¥ P(%)
34 [1/20=0.05[39.7 | 2/20=0.1
35 [1/20=0.05| 40 | 2/20=0.1
353 |1/20=0.05] 41 [1/20=0.05
36 |1/20=0.05|41.3[1/20=0.05
363 11/20=0.05| 42 |1/20=0.05
37.3 | 2/20=0.1 | 423 |1/20=0.05
37.7| 2/20=0.1 | 43.3 [1/20=0.05
38.7 [ 2/20=0.1
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3M, (a) u

(b)

©

(@

©

for part (d):

e
= 38.7 years

Notice that this is the same value we obtained
previously.

for part (e):

P(35.7 s%s41.7)=£=l=0.7
20 10

With the larger sample size, the probability of

obtaining a sample mean within 3 years of the

population mean has increased.

N
The population mean running time is 142.3
minutes.

132,201; 132,112; 132,134,
132, 155; 132,120; 201,112,
201, 134; 201, 155; 201,120,
112, 134; 112,155; 112,120,
134, 155, 134,120; 155,120

L2 854 s
6 .

Obtain each sample mean by adding the two
running times in a sample and dividing by two.
7=132%200 665 min
7=1324112_ 10 min;
f=w =133 min ; ete.

x P(x) X P(x)

116 |1/15=0.0667 | 143.5 | 1/15 = 0.0667
122 | 1/15=0.0667 | 144.5 | 1/15 = 0.0667
123 | 1/15=0.0667 | 156.5 | 1/15 = 0.0667
126 [1/15=0.0667 | 160.5 | 1/15 = 0.0667
127 [1/15=0.0667 | 166.5 [ 1/15 = 0.0667
133 | 1/15=0.0667 | 167.5 | 1/15=0.0667
133.5 | 1/15=0.0667 | 178 |1/15=0.0667
137.5 | 1/15 = 0.0667

7 = (%](1 16+122+123+...167.5+178)
= }142.3 minutes
Notice that this is the same value we obtained

in part (a) for the population mean.

P(12735 ¥ <157.3) = % =04
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(f) For part (b):

132,201, 112;
132,201, 155;
132, 112, 134;
132, 112, 120;
132, 134, 120;
201, 112, 134;
201, 112, 120;

132, 201, 134;
132, 201, 120;
132, 112, 155;
132, 134, 155;
132, 155, 120,
201, 112, 155;
201, 134, 155;

201, 134, 120; 201, 155, 120,
112, 134, 155; 112, 134, 120;
112, 155,120, 134, 155,120

For part {c}:

x P(x) x P(x)
121.3 [ 1/20=0,05 { 144.3 | 1/20=0.05
122 }1/20=0.05|148.3 | 1/20=0.05
126 [1/20=0.05} 149 |1/20=0.05
128.7 | 1/20=0.05} 151 |1/20=0.05
129 | 1/20=0.05 [ 151.7 | 1/20=0.05
133 | 1/20=0.05 [ 1557 | 1/20=0.05
133.7 [ 1/20=0.05 [ 156 |1/20=0.05
135.7 | 1/20=0.05 [ 158.7 | 1/20=0.05
1363 [ 1/20=0.05 [ 162.7 | 1/20=0.05
140.3 | 1/20=0.05 | 163.3 | 1/20=0.05

For part (d):
He = 142.3 minutes

Notice that this is the same value we obtained
previously.

For part (e):
P(1273<x< 157.3):%: 0.7;

With the larger sample size, the probability of
obtaining a sample mean within 15 minutes of
the population mean has increased.

35, (a)~(c) Answers will vary.

@) py=u=100; o% =%=-—1\/2§_6=3.354

(e) Answers will vary.

(M P(f)lOS):p[z 103—100]

"1/
= P(Z >2.39)
=1-P(Z £2.39)
=1-0.9916
=0.0084 [Tech: 0.0085]
(g) Answers will vary.
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36. (a)~(c): In each case, the sampling distribution

(d)

of X is approximately normal with mean
G .
v =4 and 05 =—=.Using u =25 and
X X \/;
o =823, we get:

8.23
For (a): 4z =25, oz = NG = 3.681
5

For (b). 15 =25 o5 = 3]2_; = 2.603

For (c): 1 =25; oz = 823 =1.503

V30

Answers will vary. The overall shapes
should be similar, though there should be
less variability as the sample size increases.

37. (a)—(b): Answers will vary. Using skewed

(c)

right with 2 =392 and 0 =2.79, we get:

2.79
For(a): sz =3.92; 0y =% =1.248
’ T

2.79

Jio

Specific results from the applet will vary.
We can use the Central Limit Theorem to
say that the sampling distribution is
approximately normal since we have a large

For(b): 4z =3.92; o3 = = (.882

sample (that is, »>30).

(d)

(d)

d =3-92, O_T =‘2‘ﬂ= 0.395

V50

Answers will vary. As the sample size
increases, we should see the sampling
distribution become more normally
distributed.

38. (a)—(c): Answers will vary. Using # =25 and

o =1443, we get:

14.43
For(a): uz =25; o= T = 10,204
) 2

For(b): 16 =25, o5 = ﬁ—‘1—3 =6.433

N

14.43
For (c): 4y =25; oy =——=4.563
X ‘\/IT)
Answers will vary. As the sample size
increases, we should see the sampling
distribution approach a normal distribution.
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39.

Section 8.1: Distribution of the Sample Mean

(2) Assuming that only one number is selected,

the probability distribution will be as
follows:

x P(x)
35| 1/38=0.0263
-1|37/38=0.9737

(b) £=(35)(0.0263)+ (~1)(0.9737) = -$0.05

0 = /(35 - (~05))7 (0.0263) + (=1 - (.05} (0.9737)

=§5.76

(©) Because the sample size is large, 7 =100 >

30, the sampling distribution of ¥ is

approximately normal with & = 4 =-$0.05

o) 5.76

and o5 = ——=="—
JYn V100

0 -(-0.05)
5.76//100 J

= P(Z > 0.09)
=1-P(Z<0.09)
=1-0.5359

=0.4641 [Tech: 0.4654]

=~ $0.576.

@ P(x>0)= P(Z >

.76
(&) t =-30.05, o7 = % =$0.407

P(¥>0)= P[Z 0-{-005) J

7 5.76/4200

= P(Z>0.12)
=1-P(Z<0.12)
=1-0.5478

=0.4522 [Tech: 0.4511]

® 45 =-30.05; 0 = jl‘(% ~$0.275

P(z> 0)=P[Z 0-(-005) J

7 5.76/<1000
=P(Z >0.27)
=1-P(Z2<0.27)
=1-0.6064

=0.3936 [Tech: 0.3918]

(2) The probability of being ahead decreases as

the number of games played increases.
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Secfion 3.2
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L 044; p=222_044
727500

2. sample proportion; z
n

3. False; while it is possible for the sample proportion
to have the same value as the population
proportion, it will not always have the same value,

4. True; the expected value, or mean, of the sampling
distribution of p is the population proportion, p.

5. The sampling distribution of 7 is approximately
normal when 1< 0.05N and np(1- p)210.

6. The standard deviation of 7 decreases as the

sample size increases. 1f the sample size is
increased by a factor of 4, the standard deviation
of the p -distribution is reduced by a factor of 2.

;3(1—;3)

P
If we increase the sample size by a factor of4,

Thus, i mcreasmg the samp]e size by a factor of 4
will cut the standard deviation of p in half.

7. 25,000(0.05) =1250; the sample size, n= 1500,
is less than 5% of the population size and
np{1— p)=500(0.4)0.6) =120 >10.

The distribution of p is approximately normal,
with mean z; = p = 0.4 and standard deviation

- \[p(l -p) _ [04(1-04)
b n X 500
8. 25,000(0.05)=1250; the sample size, n =300,
is less than 5% of the population size and
np(l— p)=300(0.7)(0.3) =63 > 10.

The distribution of p is approximately normal,

=~0.022,

withmean g5 = p=0.7 and standard deviation

O_A=\/p(l-p)= {0.7(1-0.7)
k n V' 300

= 0.026.
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9. 25,000(0.05) =1250; the sample size, »=1000,

1.

11.

is less than 5% of the population size and
np (1~ p)=1000(0.103)(0.897) = 92.391> 10.

The distribution of p is approximately normal,

with mean g, = p=0.103 and standard

deviation
- 0.103(1-0.103
a.z\/"(‘ P):J ( ) ~0.010.
P n 1000
25,000(0.05) =1250; the sample size, »=1010,

is less than 5% of the population size and
np(1- p)=1010(0.84)(0.16) = 135.744 > 10,

The distribution of p is approximately normal,
p=0.84 and standard deviation

Jo.sz; (1-0.84)

1010

with mean u; =

%z\/p(l—pL

(a) 10,000(0.05) =500; the sample size, n =75,
is less than 5% of the population size and
np(t— p)=75(0.8)(0.2) =12>10. The
distribution of p is approximately normal,
with mean #; = p=0.8 and standard

=0.012.

deviation
1- 0.8(1-0.8
p = IP( ) =\/ ( )=0.046.
V' » 75
(b) P(ﬁ20.84)= P ZEM
\/0.8(0.2)/75
= P(Z 2 0.87)
=1—P(Z<0.87)
=1-0.8078

=0.1922 [Tech: 0.1932]

About 19 out of 100 random samples of size
#n="T5 will result in 63 or more individuals
(that is, 84% or more) with the characteristic.

0.68~-0.8
c £068)="P —_—
© Plps )= [ ~ J0.8(0.2)/75 )

= P(Z £-2.60)

=0.0047 - 1
About 5 out of 1000 random samples of size i
n=75 will result in 51 or fewer individuals I;
(that is, 68% or less) with the characteristic. LL
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12. (a) 25,000(0.05) =1250; the sample size, n =200,

(b) P(p20.68)= P{Z 2

(€)

13. (a)

(b)

is less than 5% of the population size and

np(1- p)=200(0.65)(0.35) = 45.5 > 10 . The

distribution of £ is approximately normal, with

mean u; = p=0.65 and standard deviation

(- 0.65(1~0.65)
\/ ?) \/ ~0.034,
200

0.68—0.65
J0.65(0.35)/200J
= P(Z20.89)

=1-P(Z <0.89)
=1-0.8133

=0.1867 [Tech: 0.1869)

About 19 out of 100 random samples of size
7 =200 will result in 136 or more individuals
(that is, 68% or more) with the characteristic.

P(p<059)=P|Z< _ 059-065
\J0.65(0.35)/200
= P(Z<-1.78)
=0.0375 [Tech: 0.0376]

About 4 out of 100 random samples of size
n =200 will result in 118 or fewer individuals
(that is, 59% or less) with the characteristic.

1,000,000(0.05) = 50,000; the sample size,
n=1000, is less than 5% of the population
size and

np(1— p) =1000(0.35)(0.65) = 227.5> 10 .
The distribution of p is approximately
normal, with mean Hp=p=035 and
standard deviation

%_\jp(ln p) \/0.35(1—0.35)=0.0!5‘

1000

P(X 2390)= P(p20.39)

) P(Z L 0.39-035 J
A/0.53(0.65)/1000

= P(Z 22.65)

=1~ P(Z < 2.65)

=1-0.9960

= 0.0040

©

14. (a)

(b)

Section 8.2: Distribution of the Sample Proportion

About 4 out of 1000 random samples of size

= 1000 will result in 390 or more
individuals (that is, 39% or more) with the
characteristic,

b= x_ 320 ~03
n 1000
P(xX <320)= P(p<032)
0.32- 035
( 0. 53(0 65)/1000
=P Z< 1.99)

= 0.0233 {Tech: 0.0234]

About 2 out of 100 random samples of size
n= 1000 will result in 320 or fewer
individuals (that is, 32% or less) with the
characteristic.

1,500,000(0.05) = 75,000 ; the sample size,
= 1460, is less than 5% of the population
size and

np(1— p) = 1460(0.42)(0.58) = 355.656 > 10 .
The distribution of p is approximately
normal, with mean u; = p = 0.42 and

standard deviation

[p(1-p) =\/0-:42(1—0.42)

.= = 0.013.
b P 1460
p=2=97 _ 45
n 1460
P(X 2657)=P(p20.45)
_ o 045-042
~ J0.42(0.58) /1460
=P(Z2232)
=1-P(Z <2.32)
=1-0.9898

=0.0102 [Tech: 0.0101]

About 1 out of 100 random samples of size
n = 1460 will result in 657 or more
individuals (that is, 45% or more) with the
characteristic.
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© p=>=1
n

15. (a)

(b)

©

ELLNPY!
1460
84)= P

(<0

P(X <5

_ 0.4-0.42
,jo 42(0.58)/1460
= P(Z < -1.55)

=0.0606 [Tech: 0.0608]
About 6 out of 100 random samples of size
n = 1460 will result in 584 or fewer
individuals (that is, 40% or less) with the
characteristic.

The sample size, » =100, is less than 5% of
the population size and

np(1- p)=100(0.82)(0.18) = 14.76 > 10,
The distribution of /5 is approximately
normal, with mean g, = p=0.82 and

standard deviation

/ (1— fosza osz) 0038

(
_plzs 0.85-0.82
/0.82(0.18)/100

P{Z20.78)

=1-P(Z <0.78)
=1-0.7823

=0.2177 [Tech: 0.2174]

About 22 out of 100 random samples of size
# =100 Americans will result in at least 85
(that is, at least 85%) who are satisfied with
their lives.

f_ % _ 5
P n 100
P(X <76)= P{X <75)

= P(p<0.75)

ll

=0.75

| g 075-082
,J0.82(0.18)/100

=P(Z<-1.82)

=0.0344 [Tech: 0.0342]
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16. (a)

(b)

()

About 3 out of 100 random samples of size
n= 100 Americans will result in fewer than
76 individuals (that is, 75% or less) who are
satisfied with their lives. This result is
unusual.

The sample size, n =200, is less than 5% of
the population size. In addition,

np(1- p)=200(0.8)(0.2) =32 >10.

The distribution of p is approximately
normal, with mean #; = p=0.8 and

standard deviation

O_ﬁ-_-\/p(l—p) =‘/0.8(1—0.3) 0028,
n 200

P(X <154)=P(p<0.77)

-plz< 0.77-0.8
J/0.8(0.2)/200
= P(Z <~1.06)
=0.1446 [Tech: 0.1444]
About 14 out of 100 random samples of size
1 = 200 college students with cell phones
will result in 154 or fewer students (that is,

77% or less) who send and receive text
messages. This result is not unusual.

il

"o
I

N

\%

0.86-0.8
=P(Z22.12)

=1-P(Z <2.12)

=1-0.9830

=0.0170 [Tech: 0.0169]

About 2 out of 100 random samples of size
n =200 college students with cell phones
will result in 172 or more students (that is,
86% or more) who send and receive text
messages. This result is unusual.




17. (a) Oursample size, n =500, is iess than 5%
of the population size and

np (1= p) = 500(0.26)(0.74) = 962 > 10 .
The distribution of p is approximately
normal, with mean Uy = p=026 and

standard deviation

7 n Y 500
b) P(p<024)=p|z<_ 2242026
AJ0.26(0.74) /500
= P(Z <~1.02)

=0.1539 [Tech: 0.1540]
About 15 out of 100 random samples of size
n = 500 adults will result in less than 24%
who have no credit cards.

o x 150
{(c) p=;=%=0.3
P(X 2150)=P(p=0.3)
=P(22 0.3-0.26 J
J0:26(0.74)7500
= P(Z 2 2.04)
=1-P(Z <2.04)
=1-0.9793
=0.0207

About 2 out of 100 random samples of size
1 =500 adults will result in more than 150
who have no credit cards. This result is
unusual. Thus, it is unusual for 150 of 500
adults to have no credit cards.

18. (a) Oursample size, # =750, is less than 5% of
the population size and

np(1— p)=750(0.07)(0.93) = 48.825 > 10 .
The distribution of p is approximately
normal, with mean #p =p=0.07 and

standard deviation

= [ -0.
oy 2( p) _ {0.07(1 0.07) _ 0009
] 750

0.08-0.07
40.07(0.93)/750J
=P(Z >1.07)

=1-P(Z £1.07)
=1-0.8577

=0.1423 [Tech: 0.1416]

(b) P(p>0.08)= P[Z >

1- f _
o= 20=P) _ [0260-026) oo
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20. p=2
n

Section 8.2: Distribution of the Sample Proportion

About 14 out of 100 random samples of size
n =750 telephone users will result in more
than 8% who are “cell-phone only.”
L_x_40 4
© =—=——=—=(.053
@ =07
P(X <40)= P(p<0.053)

_pl 7o 0053-0.07
\J0.07(0.93)/750

=P(Z<-1.82)

=0.0344 [Tech: 0.0368]
About 3 out of 100 random samples of size
n =750 telephone users will result in 40 or
fewer being “cell-phone only.” This result is

unusual. Thus, it would be unusual for 40 or
fewer of 750 adults to be “cell-phone only.”

x 121
19. p=2-12L 4y
P 1100

P(xz121}=P(p=0.11)
0.11-0.10 J

J/0.10.9)/1100
=P(Z=21.11)

=1-P(Z <1.11)
=1-0.8665

=0.1335 [Tech: 0.1345]

This result is not unusual, so this evidence is
insufficient to conclude that the proportion of
Americans who are aftaid to fly has increased
above 0.10.

=P(ZZ

P(X <328)=P(p<041)
0.41-0.43 ]

=P 7S
( J0.43(0.57)/800
=P(Z<-1.14)

=0.1271 [Tech: 0.1266]

This result is not unusual, so this evidence is
insufficient to conclude that the proportion of
adults who have received a “phishing” contact
has decreased below 0.43.
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21. (a) To say the sampling distribution of p is

22,

23.

approximately normal, we need
np(1- p)=10 and n<0.05N .

With p=0.1, we need
n(0.1)(1-0.1)210
n(0.1)(0.9) =10
n(0.09) 210

n=111.11
Therefore, we need a sample size of 112, or
62 more adult Americans.

(b) With p=0.2, we need
n{0.2)(1~0.2)210
n(0.2)(0.8) 210
n{0.16)=10

nz62.5
Therefore, we need a sample size of 63, or
13 more, adult Americans.

(a) To say the sampling distribution of p is
approximately normal, we need
np(1- p}=10 and n<0.05N .

With p=0.9, we need
n(0.9)(1-0.9)210
n(0.9)(0.1)210
n(0.09)210
nz111.11
Therefore, we need a sample size of 112, or
12 more teenagers.
{b) With p=0.95, we need
n(0.95)(1-0.95)= 10
1(0.95)(0.05)> 10
n(0.0475)=>10

n=210.53
Therefore, we need a sample size of 211, or
111 more, teenagers.

A sample of size n = 20 households represents
more than 5% of the population size N = 100
households in the association, Thus, the results
from individuals in the sample are not
independent of one another.
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24. (a)—(d) Answers will vary.
(e u;=p=03;
¢.3(1-0.
=\] (1-03) = 0.092
25

oz \/P(l—P)
25. (a)—(d) Answers will vary.

4 7

2_419 o8 !
n

500
(b) N =6502; n=500; p=082

_]0.82(1-0.82) (6502—500J
a 500-1 6502

=0.017

26. (a) p=

®: Tanning Salons

(a) Selecting a random sample from a large

number of facilities increases the likelihood

of obtaining an estimate of the population
parameter that is close to the true value.
Since the reference frame is all American
tanning salons, sampling from multiple
metropolitan areas ensures representation

from a broad spectrum of American tanning

salons.

(b) Yes, the sample size, n =296, is much less

than 5% of the population (150,000).

(c) The sampling distribution of p is

approximately normal with a mean of
Hp =025 anda standard deviation of

_ [(025)1-025)

; =~ 0.025.
? 296
P(5<.226)=P| Z < 0.226 -0.25
J0.25(0.75)/296
= P(Z <-0.95)

=0.1711 [Tech: 0.0.1701]

About 17 out of 100 random samples of size
7 =296 tanning facilities will result in less

than 22.6% (i.e., less than 67) that would

state that tanning in a salon is the same as
tanning in the sun with respect to causing
skin cancer.
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