Chapter 10

Statistical Inference About Means and Proportions with Two Populations

Learning Objectives

1. Be able to develop interval estimates and conduct hypothesis tests about the difference
between two population means when o, and o, are known.

2. Know the properties of the sampling distribution of ¥, X, .

3. Be able to use the 7 distribution to conduct statistical inferences about the difference
between two population means when o, and o, are unknown.

4. Learn how to analyze the difference between two population means when the samples are
independent and when the samples are matched.

5. Be able to develop interval estimates and conduct hypothesis tests about the difference
between two population proportions.

6. Know the properties of the sampling distribution of p, - p, .

Solutions

.  a %-5r=136-11.6=2

b. e =70 =1.645

2 2

- - lof o
X, —x,£1.645 [ +—=
nl n2

2 2
2+1.645 ﬂ-ﬁ-ﬂ
50 35

2+ .98 (1.02 to 2.98)

c. Za2TZms = 1.96
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2 2
2i1.961’@+Q
50 35

2+1.17 (83t03.17)

(¥-%)-Dy _(252-22.8)-0
o o [ea e

+
2 a noon, 40 50

=2.03

z=

b. p-value =1.0000 —.9788 =.0212
c. p-value < .05, reject Ho.

— _=\_p e
zz(xl %,)-D, _ (104-106)-0 183

ol o1 \/(8.4)2 L (7.6)
nn 80 70

b. p-value =2(.0630)=.1260
c. p-value > .05, do not reject Ho.

4. a. = population mean for smaller cruise ships
4, = population mean for larger cruise ships

% -%,=85.36—81.40 = 3.96

o o,
Z 025 +—
b. I
196,/ G5 Iy
37 44
c. 3.96+ 188 (2.08 t0 5.84)

5. a x-%=13567-68.64=67.03

2 2 2 2
P Wy TP (CEA LU Ty
b n n, 40 30

c. 67.03+17.08 (49.95t084.11)
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We estimate that men spend $67.03 more than women on Valentine’s Day with a
margin of error of $17.08.
6. (1 =mean hotel price in Atlanta

1, = mean hotel price in Houston
HO: :ul _ﬂZ 2 0

Ha: :ul _Iu2 <0

_(®-%)-D, _ (91.71-101.13)-0
o o 20° | 25°
) 35 40

=-1.81

p-value = .0351
p-value < .05; reject Ho. The mean price of a hotel room in Atlanta is lower than

the mean price of a hotel room in Houston.

7. a. *=population mean satisfaction score for Publix customers
4, = population mean satisfaction score for Trader Joe’s customers
Ho: #=#=0
Ha: gt —p1, #0
b. x-x,=86-85=1
(x; —x,) — Dy _ (86 -85)—-0

122 122

250 T 300

= 0.97

2 2
01 %2
n, n

w
o

For this two-tailed test, p-value is two times the upper-tail area at z = 0.97.
p-value = 2(1.0000 — .8340) = .3320

p-value > .05; do not reject Ho. There is not sufficient evidence to conclude that the
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population mean satisfaction scores differ for the two retailers.

2 2
C. ¥ -% + %1, %
< X T Xy B Z s

n.on

(86 —85) +1.96 12" + 127
- 250 300
1 +2.01 —-1.01 to 3.01)

Because the 95% confidence interval contains zero, the difference between the mean
customer satisfaction score of Publix and Trader Joe’s is not statistically significant at

the 95% confidence level.

8. a. This is an upper-tail hypothesis test.
HO: /ul - :uZ <0
Ha: /u] - lu2 > O

(¥-%) _ (76-73)
ol o) 6 6
n o n 60 60

p-value = area in upper tail at z = 2.74

=2.74

p-value = 1.0000 - .9969 = .0031
Because .0031 < o =.05, we reject the null hypothesis. The difference is
significant. We can conclude that customer service has improved for Rite Aid.
b. This is another upper-tail test, but it only involves one population.

Ho: #<75.7

Ha: y1>75.7
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X —75.7 -
L (%, ) _(76-175.7) _ 39

o’ \/672
n 60
p-value = area in upper tail at z = .39
p-value = 1.0000 — .6517 = .3483
Because .3483 > a = .05, we cannot reject the null hypothesis. The difference
is not statistically significant.
c. This is an upper-tail test similar to the one in part a.
HO: /ul - Il'l2 < 0

Ha:ﬂl_'u2>0

_(-%) _ @q1-19
ol o) 6° 6
L4+ —+
noon 60 60

p-value = area in upper tail at z = 1.83

=1.83

p-value = 1.0000 — .9664 = .0336
Because .0336 < a = .05, we reject the null hypothesis. The difference is
significant. We can conclude that customer service has improved for Expedia.
d. We will reject the null hypothesis of “no increase” if the p-value <.05. For an upper-
tail hypothesis test, the p-value is the area in the upper tail at the value of the test
statistic. A value of z = 1.645 provides an upper-tail area of .05. So, we must solve

the following equation for ¥, -, .
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10.
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2 2
X -X, :1.645,/%+% =1.80

This tells us that as long as the year 2 score for a company exceeds the year 1 score

by 1.80 or more the difference will be statistically significant.

The increase from year 1 to year 2 for J.C. Penney is not statistically significant

because it is less than 1.80. We cannot conclude that customer service has improved

for J.C. Penney.

T -%,=225-20.1=2.4

2ot Y 252 48Y
Lz +
noon 20 30
df = > > = > =453
1 (s 1 (s 1(25 1(4.8
nm—1\n ) n-1ln ) 1920 ) 29{ 30
Use df =45.
tos=2.014
2 2 2 2
P LR Y Y A
A\n on 20 30
24+2.1 (3t04.5)
= )0 ~ ~
_(x-%)-0_q@36-10.1) 0 _,1g
s; s \/5.22 8.5%
Sz +
non, 35 40
s,2 s§ ’ 52° 8.5’ ’
< +-2 +
: noon, 35 40
df = . = . ~=65.7
1 (s 1 (s 1(52°) 1(85
n =1\ n, n,—1{ n, 34 35 390 40
Use df = 65.

Using ¢ table, area in tail is between .01 and .025 .. two-tail p-value is between .02

in part.



and .05.

Exact p-value corresponding to ¢ =2.18 is .0329

d. p-value< .05, reject Ho.

X=—7=9 x,=—=7
11. a. 6 6
2
5 = [PETE) )0
b. h
_ 2
o = PR g
n, —

c 9-7=2
(sf stz [2282 1.7 J
oy

d f— nl n2

B B 6
L), 1 () 2282 L1
n -1\ n n, =1\ n, 5

Use df=9, tos =1.833

28

228 1.79°
+

X,—x,+1.833 ;

24217 (=17t04.17)

12. a. x-x,=362-299=63

135 11.9°Y
+
50 40
- ~87.1

(2 1 (s2) 1(1352) 1(11.9°Y
n, =1\ n, n, =1\ n, 491 50 390 40

Use df =87, to2s = 1.988

6

1355 11.9°
+
40

6.3+£1.988
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63+53 (1to11.6)

X
FoTi s
13. a. m 10
T(x —-X) ,
5, = t,-%) =,/43856=6.98
n -1 10-1
7, = Ixi _ 2676 _ 22.3
np 12

(x -X,) ,
szzf ¥ -%) _ 21225916:4.53
nz -

b. ¥ -x,=42.5-22.3=20.2 or $20,200
The mean annual cost to attend private colleges is $20,200 more than the mean

annual cost to attend public colleges.

) (698 453)
+
) Lo 12 )
df = 7= 5 -=14.9
10698 1(453)

1 () (s2)
n-tln) Tu—iln) ol 0 ) Tl 2 )

Use df = 14, to2s = 2.145

2 2
(f] _Ez)it,ozs S_I+S_2
1
2 2
20.2+2.145 6.98 +ﬁ
10 12

202455 (14.7 t0 25.7)
95% confidence interval, private colleges have a population mean annual cost

$14,700 to $25,700 more expensive than public colleges.

14.  a. Hy #— =0

Ha: oy —p, <0
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(% — %) — Dy _ (48,537 —55,317) — 0

¢ = . — =271
2 2 18,0002 . 10,000

5145 \/ 110 T 30

ny Ny
C.

st st 2 18,0002, 10,000 2
if = n, ' n, B 110 30
1 (s?\* 1 (s2\° 1 (18000%\* 1 10,0002)2
= 85.20

Rounding down, we will use a ¢ distribution with 85 degrees of freedom. From the ¢
table we see that  =—2.71 corresponds to a p-value between .005 and 0.
Exact p-value corresponding to # =-2.71 is .004.
d. p-value< .05, reject Ho. We conclude that the salaries of finance majors are lower
than the salaries of business analytics majors.
15. a. 1 = population mean change in hotels rates in Europe
L2 = population mean change in hotels rates in the United States
Ho: pn —p2=0
Ha:pn — 2 #0  Research hypothesis

b. ¥ -%,=0.039-0.047 =—0.008

= =)0 ] B
t:(xl %)-0 _ (0.039-0.047)—0 i

s s \/0.03012 , 0.0364
n,n, 47 53
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s 0.0301° _0.0364’
n.n 47 53

df = 5 > = 5 >=97.5
1 (s 1 (s 1 (0.0301° 1 (0.0364°
— |+ =z +
n =1\ n n, =1\ n, 47-1 47 53-1 53

Rounding down, the degrees of freedom = 97. Because this is a two-tailed test, the p-

value is two times the lower-tail area. Using ¢ table, area in lower tail is between .10
and .20; therefore, p-value is between .20 and .40. Using software, p-value =.26.

p-value > .01, do not reject Ho. Conclusion: The mean change in hotels rates
in Europe and the United States are not different.

16. a. 4 = population mean verbal score parents college grads

1, = population mean verbal score parents high school grads

HO: lul_/'IZSO

Ha: oy —p, >0

_2x 4

7 -2 84054
b. n 16

_ Zx

G S

n 12

¥, —x, = 525 — 487 = 38 points higher if parents are college grads

_ 72
b= [ BP9 g se
n — -

_T\2
5 = |2 );2) - 21924516 267782 =51.75
n, — -

- =\.p e
t:(xl %,)-D, _ (525-487)-0 180

s, st J59.422 L5175
nn, 16 12
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5942° 5175 ’
16 12
df = : = - ~=253
1 (s 1 (s 1 (59.42° 1(51.75
n—1{n n,—1{ n, 15\ 16 1y 12

Use df =25.

Using ¢ table, p-value is between .025 and .05.
Exact p-value corresponding to ¢ = 1.80 is .0420/
d. p-value< .05, reject Ho. Conclude higher population mean verbal scores for students
whose parents are college grads.
17.  a. Ho #i=#=0
Ha: oy, —p, >0

(% -%)-Dy _(6.82-625)-0

t= =199
s, st \/.642 S
b no o, 16 10
s; 8] ’ 64° 75° ’
L4+ +
noon, 16 10
c. df= 5 - = 5 -=16.9
1 (s 1 (s 1(.64° 1(.75
e T 72 [ + -
n—1{ n n, =1\ n, 15\ 16 9 10
Use df=16

Using ¢ table, p-value is between .025 and .05.
Exact p-value corresponding to # = 1.99 is .0320.
d. p-value< .05, reject Ho. The consultant with more experience has a higher population
mean rating.

18. a. Let p=population mean minutes late for delayed Delta flights
4,= population mean minutes late for delayed Southwest flights

HO: lul_/u2 =0
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Ha: oy —p,, 20

n
>x
1

1265

3= o =506
b. n S minutes
Sx,
— ] .
X, =+—= 1056 _ 5) gminutes
n, 20

The difference between sample mean delay times is 50.6 — 52.8 = —2.2 minutes,

which indicates the sample mean delay time is 2.2 minutes less for Delta.

c. Sample standard deviations: s1 =26.57 and s2=20.11

t:(xl—fz)—D(,: (506-528)-0 _
s \/26.572 20.11°
e +
n.n, 25 20

2

(71 s2) (26.572+20.112\2
Y 5t a0

1 Llj 1 (Y L(26.572\2 1 (20112

n

anJ 2425 ) T1ol 20 )

df =

=429

Use df =42.

p-value for this two-tailed test is two times the lower-tail area for r = —.32.
Using ¢ table, p-value is greater than 2(.20) = .40.
Exact p-value corresponding to ¢ = —.32 with 42 df'is .7506.
p-value > .05, do not reject Ho. We cannot reject the assumption that the
population mean delay times are the same at Delta and Southwest Airlines. There is

no statistical evidence that one airline does better than the other in terms of its
population mean delay time.

19. a. 1,2,0,0,2
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b, d=Xd /n=5/5=1

c S_/Z(di—J)z_ 4
B n—1 5-1

d 120 oo

‘= —Hy _
s, /\n 1/45

df=n-1=4
Using ¢ table, p-value is between .025 and .05.
Exact p-value corresponding to ¢ = 2.24 is .0443.
Reject Ho; conclude uda > 0.
20. a. 3,-1,3,5,3,0,1

b, d=%d /n=14/7=2

C. s, = z(d,—E)zz 26 508
¢ \/ n—1 7-1 7

d. d=2

e. With 6 degrees of freedom z.025 = 2.447
2+2.447(2.082/47
24193 (.07 to3.93)
21.  Difference = rating after — rating before
Ho: a <0
Ha: pa>0
d=.625and s5,=1.30

_d—p, _ 625-0

= =136
s, /Nn 1.30/+/8

t

df=n—-1=17
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Using ¢ table, p-value is between .10 and .20.
Exact p-value corresponding to # = 1.36 is .1080.

Do not reject Ho; we cannot conclude that seeing the commercial improves the

mean potential to purchase.

d= ln =—z —4.56
22. a. Let
' end of first quarter price — beginning of first quarter price
L beginning of first quarter price
- d;  —1.74
d= % =—g = —-0.07
b.

Yi(d; — d)? 0.2666
Sa \/ n—1 25—1 0105

With df = 24, tos = 2.064

0.105
V25

a1, = =007 £ 2.064

n

) = —0.07 + 0.04

Confidence interval: (—0.11 to —0.03)
The 95% confidence interval shows that the population mean percentage
change in the price per share of stock is a decrease of 3% to 11%. This may be a
harbinger of a further stock market swoon.
23.  a. w =population mean grocery expenditures

12 = population mean dining-out expenditures
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Ho: pu, =0
Ha: M, #0

d-p,  850-0

‘= = =491
b s, /\n 1123/-/42

df=n—-1=41
p-value~0

Conclude that there is a difference between the annual population mean
expenditures for groceries and for dining out.

c. Groceries has the higher mean annual expenditure by an estimated $850.

— N
dtt,—%=
\Nn

850i2.020£

N
850 £ 350 (500 to 1200)

24. a. Difference = Current year airfare — Previous year airfare

Ho: “4<0
Ha: ,ud > O
Differences 30, 63, —42, 10, 10, 27, 50, 60, 60, —30, 62, 30

gzﬁzﬁzzg,
n 12

d—d)
sd=1/2( =9 :1/16’558 =38.80
n—1 12-1
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d-0 23-0

t= = =2.05
s, /\ln 38807412

df=n-1=11

Using ¢ table, p-value is between .05 and .025.
Exact p-value corresponding to ¢ = 2.05 is .0325.
Because p-value < .05, reject Ho. We can conclude that there has been a
significance increase in business travel airfares over the one-year period.

b. Current year: x =Xx,/n=>5844/12=8487
Previous year: x =X x, /n=5568/12=$464

c. One-year increase = $487 — $464 = $23
$23/$464 = .05, or a 5% increase in business travel airfares for the one-year period.
25.  a. Difference = math score — writing score
Ho: 11,=0
Ha: pu, #0

Use difference data: 66, 52, 65, —38, 28, —24, 50, 40, -5, 31, 55, 20

- d.
24, _300 .
n 12

d—d)
sdzJZ( =9 :1/15’100 =37.05
n—1 12-1

d-pu,  25-0 _ 534

t= = =
s, /\n - 37.05/412

df=n-1=11
Using ¢ table, lower-tail area is between .025 and .01.
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Thus, the two-tailed test p-value is between .05 and .02.
Exact p-value corresponding to ¢ =-2.34 is .0392.
p-value< .05, reject Ho. Conclude that there is a significant difference

between the population mean scores for the SAT math test and the SAT writing test.

b. d=25
2x. 6168
X, = =% _ 2% _ S14for the math test
n 2
. 5868 -
X, = 2% _ Dl 489 for the writing test
n

The SAT math test has a higher mean score than the SAT writing test.
26. a. Ho:pa=0
Ha:pua#0

Differences: -2, -1,-5,1,1,0,4,-7,-6,1,0,2,-3,-7,-2,3,1,2, 1, 4

d=Yd /n=-21/20=-1.05

__2
s, = M—lcﬂ:3_3162
—

Aoy S105-0 o,

s, /n 33162/420

t

df=n—-1=19
Using ¢ table, area in tail is between .05 and .10.
Two-tail p-value must be between .10 and .20.
Exact p-value corresponding to ¢t =—1.42 is .1718.
Cannot reject Ho. There is no significant difference between the mean scores
for the first and fourth rounds.
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b. d =-1.05; first round scores were lower than fourth round scores.

df=19 t=1.729

. 3.3162
Margin of error =¢,,, ~< = 1.7292°% =1 28
" In 20

Yes, just check to see if the 90% confidence interval includes a difference of zero. If

it does, the difference is not statistically significant.
90% Confidence interval: —1.05 £ 1.28 (-2.33, .23)

The interval does include 0, so the difference is not statistically significant.
27. a. Difference = Price deluxe — Price standard
Ho: pa=10

Ha: Ud ?ﬁ 10

=886 and s,=2.61

d-u, 886-10

t= = =-116
s, /\n 2.61/47

df=n-1=6

Using ¢ table, area is between .10 and .20.
Two-tail p-value is between .20 and .40.
Exact p-value corresponding to 1 =—1.16 is .2901.
Do not reject Ho; we cannot reject the hypothesis that a $10 price differential
exists.

b. 95% confidence interval

c?it_ozs =s, /N
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8.86+2.447(2.61)/\7

8.86+2.410r (6.45to 11.27)

28. a. p,-p,=.48-36=.12

- p(-p) p,(1-p,)
pl_pZiZ.OS\/pl J4 +p2 P
n n,

A8(1-48) 36(1-.36)

.12i1.645\/
400 300

12 +£.0614 (L0586 to .1814)

A48(1-48) 36(1-36)
400 300

.12i1.96\/

12 4.0731  (.0469 to .1931)

—_ mPi+mp, _200(.22)+300(.16) _ o 0
29 a P n +n, 200 +300 '

L DD, _ 22-.16 ~1.70

\/ﬁ(l_ﬁ)(’i+ljz} \/.1840(1—.1840)(230+3(1)O)

p - value = 1.0000 — .9554 = .0446

b. p-value< .05; reject Ho.

30. p7,=220/400 = .55 p,=192/400 = .48

- J@a—ﬁ)+@a—@>

D= Dy Tz
n n,

55(1-.55) _ 48(1-48)

.55 —.48i1.96\/
400 400

07 £.0691  (.0009 to .1391)

Seven percent more executives are predicting an increase in full-time jobs. The
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confidence interval shows the difference may be from 0.09% to 13.91%. Because 0%
does not lie strictly within this confidence interval (i.e., the lower limit of the
confidence interval is not negative), we can state with 95% confidence that the
percentage of executives optimistic about hiring is larger in the current year than in
the previous year.

31. a. The point estimate of the proportion of women who trust recommendations made on

Pinterest is p, = 117/150 = .78.

b. The point estimate of the proportion of men who trust recommendations made on

Pinterest is p,= 102/170 = .60.

c. B-p=.78-.60=.18

.18iz_025\/171(1_171)+pz(1—P2)
n n,

18+ 1.96\/.78(.22) , -60(.40)
150 170

A8+.0991  (.0809 to .2791)
The 95% confidence interval estimate of the difference between the proportion of
women and men who trust recommendations made on Pinterest is .18 + .0991 or
(.0809 to .2791).
32.  Let p1=the population proportion of tuna that is mislabeled
p2 = the population proportion of mahi mahi that is mislabeled

a. The point estimate of the proportion of tuna that is mislabeled is p, = 99/220 = .45.
b. The point estimate of the proportion of mahi mahi that is mislabeled is p,= 56/160 =
35.

c. p-p=.45-235=.10
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.1Oiz.025\/p1(1_P1)+Pz(l—]?z)

1 n2

'10i1'96\/.45(.55)+.35(.65)
220 160

.10 +.0989 (.0011 to .1989)
The 95% confidence interval estimate of the difference between the proportion of
tuna and mahi mabhi that is mislabeled is .10 = .0989 or (.0011 to .1989).

33.  Let p1=the population proportion of voters in rural Minnesota voted in the 2016 election

p2 = the population proportion of voters in urban Minnesota voted in the 2016 election
a. Ho: P=P

Ha: p >p,
b. p =663/884=.75 75% of voters in rural Minnesota voted in the 2016 election.

c. p, =414/575=.72 72% of voters in urban Minnesota voted in the 2016 election.

d 7= mp +mp, _663+414 _ 7382
n +n, 884 +575
_ D~ D> _ 5-.72 _

\/ﬁ(l—ﬁ)[’i+’i) _ \/.7382(1—.7382)(8;4+5;5j

Upper-tail p-value is the area to the right of the test statistic.
Using normal table with z = 1.27: p-value = 1 — .8980 = .1020.
p-value > a ; do not reject H,.
We cannot conclude that voters from rural Minnesota voted more frequently than
voters from urban Minnesota in the 2016 presidential election.
34, Let p1 = the population proportion of wells drilled in 2012 that were dry

p2 = the population proportion of wells drilled in 2018 that were dry
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a. Ho: Pr—P.=<0
Ha: p]_p2>0
b. P =24/119= 2017

c. P2=21/162=.1111

d. ]7:”11_71+”zﬁz: 24+18 — 1495
n, +n, 119+162
_ D~ D, B 2017 -.1111 _

\/E(l—ﬁ)[nllJrnlJ _ \/.1495(1—.1495)[119+1é2j

Upper-tail p-value is the area to the right of the test statistic.
Using normal table with z =2.10: p-value = 1 —.9821 = .0179.
p-value < .05, so reject Ho and conclude that wells drilled in 2012 were dry
more frequently than wells drilled in 2018—that is, the frequency of dry wells has
decreased over the eight years from 2012 to 2018.
35. a. Let p=population proportion of rooms occupied for current year
p,= population proportion of rooms occupied for previous year
Ho: p,—p,<0
Ha: p—p,>0
b. p,=1470/1750 = .84 (current year)

p,= 1458/1800 = .81 (previous year)

5P EMmP, _1750(84)+1800(8D) _ o)
n+n, 1750 +1800
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. P, D, _ .84-.81 _135

\/1‘7(1—1‘9){;+“ \/.8248(1—.8248)(17150+m100\

p-value is are in the upper tail at z = 2.35.
p-value = 1.0000 — .9906 = .0094

p-value<.05, reject Ho. There has been an increase in the hotel occupancy rate.

5 —7 + \/1_71(1_1_71)+132(1_132)

q Py Py T Z s n, ,
.84_.8&1.96\/.84(1—.84)+.81(1—.81)
1750 1800
.03 +.025 (.005 to .055)
Officials would likely be pleased with the occupancy statistics. The trend for the
current year is an increase in hotel occupancy rates compared to last year. The point
estimate is a 3% increase with a 95% confidence interval from .5% to 5.5%.

36. a. Let p=population proportion of men expecting to get a raise or promotion this year
p,= population proportion of women expecting to get a raise or promotion this year
Ho:p1—p2<0
Ha:pi—p2>0

b. p, =104/200 = .52 (52%)
P, =74/200 = .37 (37%)
5o np,+n,p, _ 104+ 74 _

.. n+n,  200+200

P~ P, 52-37 300

zZ =

(1 1) ( )
\/p(l—ﬁ)L’;JréJ \/’445(1_'445)k2(1)()+2(1)oJ
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37.

38.

p-value = 1.0000 — .9987 =.0013
Reject Ho. There is a significant difference between the population proportions with a
great proportion of men expecting to get a raise or a promotion this year.
a. Let p=population proportion of Carl’s loans that default
p,= population proportion of Norm’s loans that default
Ho:pr—p2=0
Ha:pi—p2#0
b. p, =9/60=0.15 (15%)

5, = 7/80 = 0.0875 (7.5%)

c — ny ﬁl+n2 ﬁz _ 9+7 _ 114
- P= ni+n,  60+80
D, — D .15 —.085
;= P1— P2 _ =115

5(1 —p) (L + L 1,1
Jp(l P) (n1 +n2) \/.114(1 - 114) (g5 + 55)
p-value = 2(1.0000 — .875) = 0.25

Do no reject Ho. We cannot conclude there is a significant difference between the

population default proportions in the loans approved by Carl and the loans approved by

Norm.
Ho: i —u2=0
Ha:pn — 2 #0

_ (x, —x,)—D, _ (4.1-34)-0

SEL. : — =279
\/0'1 Lo (227> (15

+
noon 120 100

p-value = 2(1.0000 —.9974) = .0052

p-value< .05, reject Ho. A difference exists with system B having the lower mean
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checkout time.

39. a. X _2n 21&248 =652.97 Mean monthly lease payment for an SUV in 2015
n

X, = = 244"241 =540.02 Mean monthly lease payment for an SUV in 2016
n,

Difference = 652.97 — 540.02 = 112.95
Using sample mean prices, the 2015 mean monthly lease payment for an SUV is

$112.95 more than in 2016.

= 2
s = /M=101.02
b. n —1
 (x, - X,)°
5, = /M:%AS
n2

2 2 2 2
Sqw, = \/Sl+ %2 \/ a01.02)" (93:28) =22.343

33

(101.022 93.48°

2
=z +
' 33 46 j
df = - = 65.75

22 2)? 2)? 2)?
D), 1 (s3] 1[10002°)  1(9348
m—1n ) n-1\n ) 320 33 45| 46
Use df = 65, toos = 2.654.

F —%) s |5 +32 = 112.95 % 59.30 (53.65 to 172.25)
nl n2

We are 99% confident that monthly lease payments for an SUV were between $53.65

and $172.25 higher in 2015 than in 2016.
c. Using the confidence interval of part b, we can with 99% confidence state that 2015 is
higher than 2016 by 53.65 to 172.25 and therefore did decline from2015 t0 2016.

To answer this question, we can also conduct a one-tailed hypothesis test. No
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40.

value for the level of significance () has been given, but most people would agree
that a p-value < .01 would justify concluding that monthly lease payments for an
SUV have decreased from 2015 to 2016.

(1 = population mean monthly lease payment for an SUV in 2015

(2 = population mean monthly lease payment for an SUV in 2016.

Hy:p—p, <0
H,:u—u>0 Research hypothesis
P et 112.95 ~5.06

s> s J101.oz2 93.48

Ltz +

noon 33 46

Degrees of freedom = 65 (calculated in part b).
p-value is upper-tail area.

Using ¢ table: p-value is less than .005. Using software, p-value~0. p-value <
.01, Reject Ho. Thus, we are justified in concluding that mean monthly lease
payments for SUVs are higher in 2015 than 2016 and therefore, did decline from
2015 to 2016.

Hy:ipy =4, <0

H,ipy—1,>0

. nm=30 n2=130

£=1623  1=15.70

s1=3.52 s2=3.31

(% -%)-D, _ (1623-1570)-0 _

5 5t (.52° (31 -
noon, 30 30
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2
2 2
St 0%
7+7
non

3.52° 331
+
30 30
df = = =57.8

L), L (s} 1(3s2), 1(330)
n =1\ n n, =1\ n, 29 30 29 30

Use df = 57.
Using ¢ table, p-value is greater than .20.
Exact p-value corresponding to ¢ = .60 is .2754.
p-value > .05, do not reject Ho. Cannot conclude that the mutual funds with a
load have a greater mean rate of return.
41. a. m=10 n=8
x,=21.2 x,=22.8
=270  s2=3.55
x,=21.2-228=-1.6

Kitchens are less expensive by $1600.

5,8 ’ 270°
noon, 10
df = =129

3 8
L(s), 1 (Y 2702 e
b n—1{n n, =1\ n, 7

Use df= 12, tos = 1.782

2702 3.55°
8

-1.6+1.782

~1.6+2.7 (4.3 to 1.1)

~_%d,_280
42,  a. no 20

__2
sd=\/2(d" 4) =1/54’880 =53.744
b. n-1 19
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df=n—1=19, tos=1.729

Eit.ossTd = 1411.72953’%4
n

14 £20.78  (—6.78 to 34.78)
c. Hoiwa=0
H: Md # 0

7 _
Ao 1470 ) es

s,/ 537447320

t

Using ¢ table with df = 19, the area in upper tail is between .20 and .10. Thus, for the
two-tailed test, the p-value is between .20 and .40.
Using software, the exact p-value for 1 = 1.165 is .258.
Cannot reject Ho; cannot concluded that there is a difference between the
mean scores for the no sibling and with sibling groups.
43. a. Let p1 = population proportion saying financial security more than fair in recent year

p2 = population proportion saying financial security more than fair in previous year

Hy:p—p,=0

Hy:p—p,#0

__mprmp, _1000(4D+900035) _ oo
b U e, 10004900

P, D, (.41-.35)

= =2.69
( ) (1 1)
Jﬁ(l—ﬁ)knllﬂ:zj \/.3816(1—.3816)me)+900J

z=

p-value for this two-tailed test is two times the area in the upper tail at z = 2.69.
p-value = 2(1.0000 — .9964) = .0072.

p-value < .05, reject Ho. Conclude the population proportions are not equal.
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There has been a change in the population proportion saying that their financial

security is more than fair.

B — p(l-p) p,(0-p,)
P1_p2iz.025\/ 1 R :

n, n,

Al(1-41) | 35(1-35)

(.41—.35)i1.96\/
1000 900

.06 +.0436
95% Confidence Interval (.0164 to .1036)

Based on the results, the population proportion of adults saying that their
financial security is more than fair has increased between 1.64% and 10.36%.

44.  a. p=76/400=.19
7,=90/900 = .10

mp, +n,p,  76+90

p= = =.1277
n+n,  400+900

. B, - P, _ 19-.10 449
5(1-5) -+ 1277(1-.1277) —+ =
PPN ") ' 400 ' 900

p-value = 0

Reject Ho; there is a difference between claim rates.

_ 5.(0-p)  p.(-D,)
B —F, £z, \/pl p) , (-,
nl n2

19(1-.19) .10(1-.10)
400 900

.19—.1011.96\/

.09 +.0432 (.0468 to .1332)
Claim rates are higher for single males.

45. p=9/142 = .0634
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7,=5/268 = .0187

mp +mp,  9+5

- =.0341
n+n,  142+268

ﬁ:

_ 7 - P _ 0634-.0187 e

\/ﬁ(l —ﬁ)(nll+nlz) \/.0341(1 —.0341)(1412+228j

p-value =2(1.0000 —.9911) = .0178

p-value< .02, reject Ho. There is a significant difference in drug resistance
between the two states. Alabama has the higher drug-resistance rate.
46.  Let p1 = the population proportion of American adults under 30 years old
p2 = the population proportion of Americans over 30 years old
a. From the file Computer News, there are 109 Yes responses for each age group. The
total number of respondents of the under 30 years group is n1 = 150, whereas the 30
and over group had is n2 = 200 total respondents.
American adults under 30 years old: p,= 109/150 =.727
Americans over 30 years old: p,= 109/200 = .545

b. p-p,=.727-.545=182

727(1-.727)  .545(1-.545)
Pi—P: = +

S =.0506
’ 150 200

Confidence interval: .182 £ 1.96(.0506) or.182 £ .0992 (.0824 to .2809)

c. Because the confidence interval in part b does not include 0 and both values are
negative, conclude that the proportion of American adults under 30 years old who use
a computer to gain access to news is greater than the proportion of Americans over 30

years old that use a computer to gain access to news.
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