Chapter 9
Hypothesis Testing

Learning Objectives

1. Learn how to formulate and test hypotheses about a population mean and/or a population proportion.
2. Understand the types of errors possible when conducting a hypothesis test.

3. Be able to determine the probability of making various errors in hypothesis tests.

4. Know how to compute and interpret P-values.

5. Be able to use critical values to draw hypothesis testing conclusions.

6. Be able to determine the size of a simple random sample necessary to keep the probability of

hypothesis testing errors within acceptable limits.

7. Know the definition of the following terms:
null hypothesis two-tailed test
alternative hypothesis P-value
Type I error level of significance
Type II error critical value
one-tail test
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Chapter 9

Solutions:
1. a. Ho: p <600 Manager’s claim.
H,: > 600
b. We are not able to conclude that the manager’s claim is wrong.
c. The manager’s claim can be rejected. We can conclude that > 600.
2.a. Ho: p <14
Hy: 1> 14 Research hypothesis
b. There is no statistical evidence that the new bonus plan increases sales volume.

c. The research hypothesis that ;> 14 is supported. We can conclude that the new bonus plan
increases the mean sales volume.

3.a. Ho: (=32 Specified filling weight
Hy: p #32 Overfilling or underfilling exists

b. There is no evidence that the production line is not operating properly. Allow the production
process to continue.

c. Conclude p2 #32 and that overfilling or underfilling exists. Shut down and adjust the production
line.

4. a. Ho: p =220
Ha: pu< 220 Research hypothesis to see if mean cost is less than $220.
b. We are unable to conclude that the new method reduces costs.

c. Conclude p< 220. Consider implementing the new method based on the conclusion that it lowers
the mean cost per hour.

5. a. The Type I error is rejecting Howhen it is true. This error occurs if the researcher concludes that
young men in Germany spend more than 56.2 minutes per day watching prime-time TV when the
national average for Germans is not greater than 56.2 minutes.

b. The Type Il error is accepting Howhen it is false. This error occurs if the researcher concludes that
the national average for German young men is <56.2 minutes when in fact it is greater than 56.2

minutes.

6. a. Hop: p <1 The label claim or assumption.
H.: > 1

b. Claiming t> 1 when it is not. This is the error of rejecting the product’s claim when the claim is
true.
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Hypothesis Testing

c. Concluding g <1 when it is not. In this case, we miss the fact that the product is not meeting its
label specification.

7. a. Hop: u <8000
Ha.: > 8000 Research hypothesis to see if the plan increases average sales.

b. Claiming g> 8000 when the plan does not increase sales. A mistake could be implementing the
plan when it does not help.

c. Concluding g <8000 when the plan really would increase sales. This could lead to not
implementing a plan that would increase sales.

8.a  Hy g 220
He: 1< 220

b. Claiming g< 220 when the new method does not lower costs. A mistake could be implementing
the method when it does not help.

c. Concluding g >220 when the method really would lower costs. This could lead to not
implementing a method that would lower costs.

X _ —
o Tom _194-20

T 250
b. Area=.4830
P-value = .5000 - .4830 =.0170
c. P-value <.05, reject H
d. Reject Hoif < <-1.645

-2.12 <-1.645, reject H

10. a. T= = 148

S ol 6440
b. Area=.4306
P-value = .5000 - .4306 = .0694
c. D-value > .01, do not reject Hy
d. Reject Hoif 2 >2.33

1.48 < 2.33, do not reject Ho
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X _ —
o _1415-15

YN EYN R

b. Area= 4772

11. a. <

P-value = 2(.5000 - .4772) = .0456
c. P-value <.05, reject H
d. Reject Hoif 2<-1.96 orz >1.96
-2.00 <-1.96, reject H o

o 2T 785-80

T o/t 12/J100

P-value = .5000 - .3944 = .1056

P-value > .01, do not reject Hy

z_x_,uﬂ _77-80

b. = =  -_250
o/~n 1274100
P-value = .5000 - .4938 = .0062
P-value <.01, reject H o
x_ 75.5-80
Ho
C. = == —375
o/ 1274100
P-value =0
D-value <.01, reject H
X _ —
d. z Yt _ 81-80 oo
o/n 1274100
Area to left of 2= .83
P-value = .5000 + .2967 = .7967
P-value > .01, do not reject Ho
13. Reject Hoif 2 >1.645
x_ —
a. g lt _525-0 54

Coln 8160

2.42 >1.645, reject H o
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14. a.

15. a.

16. a.

Top 51-50
o/m 87460

.97 < 1.645, do not reject Hy

Z

. X 518-50

= 2T 174
o/ 87460
1.74 >1.645, reject H

L Tom 23-22

= - 387
o/ 107475
P-value = 2(.5000 - .3078) = .3844

P-value > .01, do not reject Ho

_Toqpy 25.1-22

= TH DT 968
o/m 107475

P-value = 2(.5000 - .4963) = .0074

Z

P-value <.01, reject H o

o Fop _20-22
ol 107475

D-value = 2(.5000 - .4582) = .0836

D-value > .01, do not reject Hy
Ho: u >1056
H,: p< 1056

. Y- _ 9101056

— = :_1.
o/ m 1600/+/400

P-value = .5000 - .4664 = .0336

83

Hypothesis Testing

P-value <.05, reject H . Conclude the mean refund of “last minute” filers is less than $1056.

Reject Hif 2 <-1.645
-1.83 <-1.645, reject H o
Ho: p <895

H,: 1> 895
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T—pn, 915-895

- - -1.19
o/ 22574180

Area = .3830

b. <

P-value = .5000 - .3830 = .1170
c. Do not reject Hyp. We cannot conclude the rental rates have increased.

d. Recommend withholding judgment and collecting more data on apartment rental rates before
drawing a final conclusion.

17.a.  Hy: u =39.2
Ha: oy #39.2

o Y- 385-392

® BTN T YN R
D-value = 2(.5000 - .4382) = .1236

c. D-value > .05, do not reject Ho. We cannot conclude that the mean length of a work week has
changed.

d. Reject Hyif 2<-1.96 or 2>1.96

Z=-1.54; cannot reject H o
18. a. Hol u =4.1
Ho oy #4.1

X LT 34-41

—:7:—2.
o/n 2740

P-value = 2(.5000 - .4864) = .0272

21

c. P-value =.0272 < .05

Reject Hpand conclude that the return for Mid-Cap Growth Funds differs significantly form that for
U.S. Diversified funds.

19.  Ho u <1432
Ha g 1432

X _ —
o T 1468-1432

ol 145175

Area = .4842

D-value = .5000 - .4842 = .0158
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20. a.

21. a.

23. a.

Hypothesis Testing

P-value <.05, reject H o. Conclude that there has been an increase in the mean hourly wage of
production workers.

Hy: p >181,900
H,: p< 181,900

X _ —
i Mo 166,400 -181,900 2%

o/n 33,500/ /40

P-value = .5000 - .4983 = .0017

D-value <.01; reject H o. Conclude mean selling price in South is less than the national mean selling
price.

Hol 7 <15
He 1> 15

X _ —
ey 2:2.96
o/n 4135

P-value = .5000 - .4985 =.0015

P-value <.01; reject H o; the premium rate should be charged.
Ho: p =8

Ha: p =8

Z—x_/’to— 84-8
o/dn 32/J120

D-value = 2(.5000 - .4147) = .1706

Do not reject Hy. Cannot conclude that the population mean waiting time differs from 8 minutes.
Tt Zg5 (O'/‘\"%)
8.4+1.96(3.2/+/120)

8.4 +.57 (7.83 t0 8.97)

Yes; p =8 is in the interval. Do not reject H o.

(Tl 14-12

- = =231
s/gn 432725
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Chapter 9

b. Degrees of freedom =7—1 =24
Using ‘table, P-value is between .01 and .025.
Actual P-value = .0147
c. P-value <.05, reject H .
d. With  df=24, 145=1.711
Reject Hoif 7 >1.711
2.31 > 1.711, reject Hy.

L T 17-18

24. a. = =-1.54

SIJT 45048
b. Degrees of freedom =7— 1 =47
Area in lower tail is between .05 and .10
Using ftable, P-value (two-tail) is between .10 and .20
Actual P-value = .1304
c. P-value > .05, do not reject Hy.
d. With df= 47, 15,5=2.012
Reject Hpif 7 <-2.012 or 7>2.012
I=-1.54; do not reject H o

L Ko 4445

25. a. _S/ﬁ_m:_
Degrees of freedom =7— 1 =35
Using ftable, P-value is between .10 and .20
Actual P-value = .1282
P-value > .01, do not reject Ho
b, ;:x_ﬂO_ 43-45

SIgT 4.6/436

Using Itable, P-value is between .005 and .01

Actual P-value = .0066
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Hypothesis Testing

P-value <.01, reject H o

Y-y 46-45

- -1.20
s/ 57436

C. r—

Using Itable, area in upper tail is between .10 and .20

P-value (lower tail) is between .80 and .90
Actual P-value = .8809

P-value > .01, do not reject Hy

X _ _
26.a, f—_—t 1032100,
s/m 11574065

Degrees of freedom =7— 1 = 64

Using ftable, area in tail is between .01 and .025
P-value (two tail) is between .02 and .05
Actual P-value = .0394

P-value <.05, reject H o

; Tow  965-100

b. TN =-2.57
Using ’table, area in tail is between .005 and .01
P-value (two tail) is between .01 and .02
Actual P-value = .0127
D-value <.05, reject H

.. z:f—yo_IOZ—lOO:l.54

s/\n 10.5//65

Using ‘table, area in tail is between .05 and .10
P-value (two tail) is between .10 and .20
Actual P-value = .1295

D-value > .05, do not reject Hy

27.a.  Hy oy >238
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Chapter 9
H;: ;<238

Xy, 231-238

- > __88
s/ 8074100

b. I=

Degrees of freedom =7— 1 =99
Using ’table, P-value is between .10 and .20
Actual P-value = .1918

c. P-value > .05; do not reject Ho. Cannot conclude mean weekly benefit in Virginia is less than the
national mean.

d. df= 99 fos=-1.66
Reject Hyif <-1.66
-.88 > -1.66; do not reject Hy

28.a.  Hy 4 <3530

H,: 1>3530
b, l:T—uO:374O—3530:2.49
s/yn 8107492
Degrees of freedom =7—1 =91
Using ’table, P-value is between .005 and .01
Actual P-value = .0074
c. D-value <.01; reject H o. The mean attendance per game has increased. Anticipate a new all-time

high season attendance during the 2002 season.

29.a.  Hy 1=5600

H: #5600

b, z:x—‘uo :5835_5600:2.26
s/n 5207425

Degrees of freedom =71— 1 =24

Using ’table, area in tail is between .01 and .025

Actual P-value = .0332
c. D-value <.05; reject H o. The mean diamond price in New York City differs.
d. df=24 ! p5= 2.064
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Reject Hoif < -2.064 or > 2.064
2.26 > 2.064; reject Hy

30.a.  Hy =600
H,: 1 #600

Ty, 612-600

= =1.17
s/ 65740

df= n.1=39

b. t=

Using table, area in tail is between .10 and .20
P-value is between .20 and .40
Actual P-value = .2501

c. With ¢ = .10 or less, we cannot reject Hy. We are unable to conclude there has been a change in the
mean CNN viewing audience.

d. The sample mean of 612 thousand viewers is encouraging but not conclusive for the sample of 40
days. Recommend additional viewer audience data. A larger sample should help clarify the situation
for CNN.

31. Hy: 11<47.50
H;: 1>47.50

. T 51-4750

- - =233
s/n 127464

Degrees of freedom =7- 1 = 63

Using ’table, P-value is between .01 and .025

Actual P-value = .0114
Reject Ho; Atlanta customers are paying a higher mean water bill.
32.a.  Hy p=10,192

H: 11#10,192

x_ —
S 975010192, .

Tsgn T 1400/4050

Degrees of freedom =7— 1 =49

Using table, area in tail is between .01 and .025
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