
436
統計學
Statistics for Business and Economics

評  註

研究顯示 F 分配對常態母體的假設非常敏感，故如果無法合理地假設兩母體至少近似於常態分配，

則不應使用 F 分配。

　習　題

方法

13. 從附錄 B 的表 4 中，查出以下 F 分配值。

a. F0.05，自由度為 5 與 10。

b. F0.025，自由度為 20 與 15。

c. F0.01，自由度為 8 與 12。

d. F0.10，自由度為 10 與 20。

14. 某一由母體 1 所選取的 16 個元素的樣本，其樣本變異數為 s1
2 ＝5.8；由母體 2 

所選取的 21 個元素的樣本，其樣本變異數為 s2
2 ＝2.4。請以 0.05 的顯著水準檢

定以下假設。
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Referring to Table 4 in Appendix B, we find that an F distribution with 40 numerator degrees
of freedom and 30 denominator degrees of freedom has F.10 � 1.57. Because the test statistic
F � 1.50 is less than 1.57, the area in the upper tail must be greater than .10. Thus, we can con-
clude that the p-value is greater than .10. Using Minitab or Excel provides a p-value � .1256.
Because the p-value � α � .05, H0 cannot be rejected. Hence, the sample results do not sup-
port the conclusion that women show greater variation in attitude on political issues than men.
Table 11.4 provides a summary of hypothesis tests about two population variances.

Upper Tail Test Two-Tailed Test

Hypotheses

Note: Population 1
has the larger

sample variance

Test Statistic

Rejection Rule: Reject H0 if Reject H0 if
p-value p-value � α p-value � α

Rejection Rule: Reject H0 if Reject H0 if
Critical Value F � Fα F � Fα/2

Approach

F �
s2

1

s2
2

F �
s2

1

s2
2

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

TABLE 11.4 SUMMARY OF HYPOTHESIS TESTS ABOUT TWO POPULATION VARIANCES

NOTES AND COMMENTS

Research confirms the fact that the F distribution is
sensitive to the assumption of normal populations.
The F distribution should not be used unless it is

reasonable to assume that both populations are at
least approximately normally distributed.

Exercises

Methods
13. Find the following F distribution values from Table 4 of Appendix B.

a. F.05 with degrees of freedom 5 and 10
b. F.025 with degrees of freedom 20 and 15
c. F.01 with degrees of freedom 8 and 12
d. F.10 with degrees of freedom 10 and 20

14. A sample of 16 items from population 1 has a sample variance � 5.8 and a sample of
21 items from population 2 has a sample variance � 2.4. Test the following hypotheses
at the .05 level of significance.

a. What is your conclusion using the p-value approach?
b. Repeat the test using the critical value approach.

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

s2
2

s2
1
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Methods
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14. A sample of 16 items from population 1 has a sample variance � 5.8 and a sample of
21 items from population 2 has a sample variance � 2.4. Test the following hypotheses
at the .05 level of significance.

a. What is your conclusion using the p-value approach?
b. Repeat the test using the critical value approach.
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a. 使用 p 值法檢定，你的結論為何？

b. 使用臨界值法重複檢定。

15. 考慮以下的假設檢定。
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15. Consider the following hypothesis test.

a. What is your conclusion if n1 � 21, � 8.2, n2 � 26, and � 4.0? Use α � .05 and
the p-value approach.

b. Repeat the test using the critical value approach.

Applications
16. Media Metrix and Jupiter Communications gathered data on the time adults and the time teens

spend online during a month (USA Today, September 14, 2000). The study concluded that on
average, adults spend more time online than teens. Assume that a follow-up study sampled
26 adults and 30 teens. The standard deviations of the time online during a month were
94 minutes and 58 minutes, respectively. Do the sample results support the conclusion that
adults have a greater variance in online time than teens? Use α � .01. What is the p-value?

17. Most individuals are aware of the fact that the average annual repair cost for an auto-
mobile depends on the age of the automobile. A researcher is interested in finding out
whether the variance of the annual repair costs also increases with the age of the automo-
bile. A sample of 26 automobiles 4 years old showed a sample standard deviation for 
annual repair costs of $170 and a sample of 25 automobiles 2 years old showed a sample
standard deviation for annual repair costs of $100.
a. State the null and alternative versions of the research hypothesis that the variance in

annual repair costs is larger for the older automobiles.
b. At a .01 level of significance, what is your conclusion? What is the p-value? Discuss

the reasonableness of your findings.

18. The standard deviation in the 12-month earnings per share for 10 companies in the airline
industry was 4.27 and the standard deviation in the 12-month earnings per share for 7 com-
panies in the automotive industry was 2.27 (Business Week, August 14, 2000). Conduct a
test for equal variances at α � .05. What is your conclusion about the variability in earn-
ings per share for the airline industry and the automotive industry?

19. The variance in a production process is an important measure of the quality of the process.
A large variance often signals an opportunity for improvement in the process by finding
ways to reduce the process variance. Conduct a statistical test to determine whether there
is a significant difference between the variances in the bag weights for the two machines.
Use a .05 level of significance. What is your conclusion? Which machine, if either, pro-
vides the greater opportunity for quality improvements?

s2
2s2

1

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

testSELF

testSELF

Machine 1 2.95 3.45 3.50 3.75 3.48 3.26 3.33 3.20
3.16 3.20 3.22 3.38 3.90 3.36 3.25 3.28
3.20 3.22 2.98 3.45 3.70 3.34 3.18 3.35
3.12

Machine 2 3.22 3.30 3.34 3.28 3.29 3.25 3.30 3.27
3.38 3.34 3.35 3.19 3.35 3.05 3.36 3.28
3.30 3.28 3.30 3.20 3.16 3.33

fileCD
Bags

20. On the basis of data provided by a Romac salary survey, the variance in annual salaries for
seniors in public accounting firms is approximately 2.1 and the variance in annual salaries
for managers in public accounting firms is approximately 11.1. The salary data were
provided in thousands of dollars. Assuming that the salary data were based on samples 
of 25 seniors and 26 managers, test the hypothesis that the population variances in the
salaries are equal. At a .05 level of significance, what is your conclusion?
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a. 當 n1＝21, s1
2 ＝8.2, n2＝26 且 s2

2 ＝4.0 時，你的結論為何？以 α＝0.05 與 p 值

法檢定之。

testSELF

兩母體變異數的假設檢定摘要表 11.4
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Referring to Table 4 in Appendix B, we find that an F distribution with 40 numerator degrees
of freedom and 30 denominator degrees of freedom has F.10 � 1.57. Because the test statistic
F � 1.50 is less than 1.57, the area in the upper tail must be greater than .10. Thus, we can con-
clude that the p-value is greater than .10. Using Minitab or Excel provides a p-value � .1256.
Because the p-value � α � .05, H0 cannot be rejected. Hence, the sample results do not sup-
port the conclusion that women show greater variation in attitude on political issues than men.
Table 11.4 provides a summary of hypothesis tests about two population variances.

Upper Tail Test Two-Tailed Test

Hypotheses

Note: Population 1
has the larger

sample variance

Test Statistic

Rejection Rule: Reject H0 if Reject H0 if
p-value p-value � α p-value � α

Rejection Rule: Reject H0 if Reject H0 if
Critical Value F � Fα F � Fα/2

Approach

F �
s2
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s2
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F �
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TABLE 11.4 SUMMARY OF HYPOTHESIS TESTS ABOUT TWO POPULATION VARIANCES

NOTES AND COMMENTS

Research confirms the fact that the F distribution is
sensitive to the assumption of normal populations.
The F distribution should not be used unless it is

reasonable to assume that both populations are at
least approximately normally distributed.

Exercises

Methods
13. Find the following F distribution values from Table 4 of Appendix B.

a. F.05 with degrees of freedom 5 and 10
b. F.025 with degrees of freedom 20 and 15
c. F.01 with degrees of freedom 8 and 12
d. F.10 with degrees of freedom 10 and 20

14. A sample of 16 items from population 1 has a sample variance � 5.8 and a sample of
21 items from population 2 has a sample variance � 2.4. Test the following hypotheses
at the .05 level of significance.

a. What is your conclusion using the p-value approach?
b. Repeat the test using the critical value approach.

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

s2
2

s2
1
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假設

檢定統計量

拒絕法則：

p 值法

拒絕法則：

臨界值法

若 p 值 # α，
則拒絕 H0

若 p 值 # α，
則拒絕 H0

注意：母體 1 具有較大之樣本
變異數

若 F $ Fα，

則拒絕 H0

若 F $ Fα /2，

則拒絕 H0

右尾檢定 雙尾檢定
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Referring to Table 4 in Appendix B, we find that an F distribution with 40 numerator degrees
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Referring to Table 4 in Appendix B, we find that an F distribution with 40 numerator degrees
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437Chatper 11　母體變異數的推論

b. 使用臨界值法重複上述檢定。

應用

16. Media Metrix 與 Jupiter 通信公司針對成年人與青少年每月上網時間作調查 (USA 

Today, September 14, 2000)。該研究指出青少年平均上網時間高於成年人。設若

抽樣 26 位成年人與 30 位青少年，其每月上網時間的標準差分別為 94 分鐘與 

58 分鐘。此抽樣結果支持成年人比青少年有較大的上網時間變異數嗎？請使用 

α＝0.01。p 值為何？

17. 大部分的人都知道，汽車平均每年的修理費與車齡有關。某研究人員想知道隨

著車齡的增加，其平均每年修理費的變異數是否也會增加。26 輛車齡 4 年的汽

車其年修理費的樣本標準差為 $170，另 25 輛車齡 2 年的汽車其年修理費的樣

本標準差為 $100。

a. 請就車齡愈老，其年修理費的變異數愈大的說法，列出其虛無及對立假設。

b. 在顯著水準為 0.01 下，你的結論為何？p 值為何？試討論其合理性。

18. 航空工業中 10 家公司其每股 12 個月的利潤之標準差為 4.27，而在汽車工業中 

7 家公司每股 12 個月獲利之標準差為 2.27 (BusinessWeek, August 14, 2000)，請

在 α  ＝0.05 下檢定變異數相等之假設。你對於在航空工業及汽車工業每股獲利

的變化性有何看法？

19. 產品製程的變異數是衡量該製程品質的重要指標之一。變異數大通常意味著我

們需尋找降低此一變異數的方法，以改善該製程。在顯著水準為 0.05 下，檢定

兩台機器所生產茶包重量的變異數是否有顯著差異。你的結論為何？哪一台機

器提供了較大改善品質的機會？
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15. Consider the following hypothesis test.

a. What is your conclusion if n1 � 21, � 8.2, n2 � 26, and � 4.0? Use α � .05 and
the p-value approach.

b. Repeat the test using the critical value approach.

Applications
16. Media Metrix and Jupiter Communications gathered data on the time adults and the time teens

spend online during a month (USA Today, September 14, 2000). The study concluded that on
average, adults spend more time online than teens. Assume that a follow-up study sampled
26 adults and 30 teens. The standard deviations of the time online during a month were
94 minutes and 58 minutes, respectively. Do the sample results support the conclusion that
adults have a greater variance in online time than teens? Use α � .01. What is the p-value?

17. Most individuals are aware of the fact that the average annual repair cost for an auto-
mobile depends on the age of the automobile. A researcher is interested in finding out
whether the variance of the annual repair costs also increases with the age of the automo-
bile. A sample of 26 automobiles 4 years old showed a sample standard deviation for 
annual repair costs of $170 and a sample of 25 automobiles 2 years old showed a sample
standard deviation for annual repair costs of $100.
a. State the null and alternative versions of the research hypothesis that the variance in

annual repair costs is larger for the older automobiles.
b. At a .01 level of significance, what is your conclusion? What is the p-value? Discuss

the reasonableness of your findings.

18. The standard deviation in the 12-month earnings per share for 10 companies in the airline
industry was 4.27 and the standard deviation in the 12-month earnings per share for 7 com-
panies in the automotive industry was 2.27 (Business Week, August 14, 2000). Conduct a
test for equal variances at α � .05. What is your conclusion about the variability in earn-
ings per share for the airline industry and the automotive industry?

19. The variance in a production process is an important measure of the quality of the process.
A large variance often signals an opportunity for improvement in the process by finding
ways to reduce the process variance. Conduct a statistical test to determine whether there
is a significant difference between the variances in the bag weights for the two machines.
Use a .05 level of significance. What is your conclusion? Which machine, if either, pro-
vides the greater opportunity for quality improvements?

s2
2s2

1

H0:

Ha:
 
σ 2

1 � σ 2
2

σ 2
1 � σ 2

2

testSELF

testSELF

Machine 1 2.95 3.45 3.50 3.75 3.48 3.26 3.33 3.20
3.16 3.20 3.22 3.38 3.90 3.36 3.25 3.28
3.20 3.22 2.98 3.45 3.70 3.34 3.18 3.35
3.12

Machine 2 3.22 3.30 3.34 3.28 3.29 3.25 3.30 3.27
3.38 3.34 3.35 3.19 3.35 3.05 3.36 3.28
3.30 3.28 3.30 3.20 3.16 3.33
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20. On the basis of data provided by a Romac salary survey, the variance in annual salaries for
seniors in public accounting firms is approximately 2.1 and the variance in annual salaries
for managers in public accounting firms is approximately 11.1. The salary data were
provided in thousands of dollars. Assuming that the salary data were based on samples 
of 25 seniors and 26 managers, test the hypothesis that the population variances in the
salaries are equal. At a .05 level of significance, what is your conclusion?
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機器 1

機器 2

20. 根據 Romac 薪資調查的資料，會計師事務所中主管級人員年薪的變異數約為 

2.1，經理級人員年薪的變異數為 11.1。假定前述薪資資料是以千元為單位，取

自 25 位主管級人員及 26 位經理級人員，在顯著水準為 0.05 下，檢定這兩個母

體的薪資變異數為相等的假設。你得到何種結論？

21. Fidelity Magellan 是大型成長共同基金，Fidelity Small Cap Stock 是小型成長共

同基金 (Morningstar Funds 500, 2006)。兩基金的標準差的計算均採樣本大小

為 26。Fidelity Magellan 的樣本標準差是 8.89%，Fidelity Small Cap Stock 則是 

13.03%。金融分析師常使用標準差來衡量股票與基金的風險。試建立假設檢定

來決定是否小型成長基金的風險大於大型成長基金。使用 α＝0.05 顯著水準。

 

testSELF
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22. 某研究假設為汽車在濕滑路面上煞車距離的變異數，會遠大於在乾燥路面上煞

車距離的變異數。在該研究中，以行駛速度相同的 16 輛汽車先在濕滑路面上測

量其煞車距離，然後在乾燥路面上再測量其煞車距離。測量結果，濕滑路面煞

車距離的標準差為 32 呎，乾燥路面則為 16 呎。

a. 在顯著水準為 0.05 下，該樣本資料是否可支持濕滑路面煞車距離的變異數大

於乾燥路面煞車距離的變異數之結論？其 p 值為何？

b. 根據你的統計結論，對安全駕駛的建議為何？

　本章摘要

在本章，我們介紹了有關母體變異數推論的統計程序，包括卡方分配及 F 分配

等兩種新的機率分配。其中，卡方分配可用來進行單一常態母體的變異數的區間估

計與假設檢定。

我們也介紹了以 F 分配來進行兩常態母體變異數的假設檢定。尤其說明了，從

具有相同變異數 σ 2
1 ＝ σ 2

2 的兩個常態母體抽取樣本大小分別為 n1 與 n2 的獨立簡單

隨機樣本，其樣本變異數的比率 s2
1 / s

2
2 的抽樣分配，乃分子與分母的自由度分別為 

n1－1 與 n2－1 的 F 分配。

　重要公式

單一母體變異數的區間估計
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November December

7493 8066
7525 8209
7760 7842
7499 7943
7555 7846
7690 8071
7668 8055
7600 8159
7516 7828
7711 8109
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21. The Dow Jones Industrial Average varies as investors buy and sell shares of the 30 stocks
that make up the average. Samples of the Dow Jones Industrial Average taken at different
times during the first five days of November 1997 and the first five days of December 1997
are as follow (Barron’s, December 8, 1997).

a. Compute the variances of the Dow Jones Industrial Average for the two time periods.
b. Use a .05 level of significance and test to determine whether the population variances

for the two time periods are equal. What is the p-value? What is your conclusion?

22. A research hypothesis is that the variance of stopping distances of automobiles on wet
pavement is substantially greater than the variance of stopping distances of automobiles
on dry pavement. In the research study, 16 automobiles traveling at the same speeds are
tested for stopping distances on wet pavement and then tested for stopping distances on
dry pavement. On wet pavement, the standard deviation of stopping distances is 32 feet.
On dry pavement, the standard deviation is 16 feet.
a. At a .05 level of significance, do the sample data justify the conclusion that the vari-

ance in stopping distances on wet pavement is greater than the variance in stopping
distances on dry pavement? What is the p-value?

b. What are the implications of your statistical conclusions in terms of driving safety
recommendations?

Summary

In this chapter we presented statistical procedures that can be used to make inferences about
population variances. In the process we introduced two new probability distributions: the
chi-square distribution and the F distribution. The chi-square distribution can be used as the
basis for interval estimation and hypothesis tests about the variance of a normal population.

We illustrated the use of the F distribution in hypothesis tests about the variances of two
normal populations. In particular, we showed that with independent simple random samples of
sizes n1 and n2 selected from two normal populations with equal variances the samp-
ling distribution of the ratio of the two sample variances has an F distribution with n1 � 1
degrees of freedom for the numerator and n2 � 1 degrees of freedom for the denominator.

Key Formulas

Interval Estimate of a Population Variance

(11.7)
(n � 1)s2

� 2
α/2

� σ 2 �
(n � 1)s2

� 2
(1�α/2)

s2
1 
�s2

2

σ 2
1 � σ 2

2,
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 (11.7)　

單一母體變異數假設檢定之檢定統計量
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Test Statistic for Hypothesis Tests About a Population Variance

(11.8)

Test Statistic for Hypothesis Tests About Population Variances with 

(11.10)

Supplementary Exercises

23. Because of staffing decisions, managers of the Gibson-Marimont Hotel are interested in
the variability in the number of rooms occupied per day during a particular season of the
year. A sample of 20 days of operation shows a sample mean of 290 rooms occupied per
day and a sample standard deviation of 30 rooms.
a. What is the point estimate of the population variance?
b. Provide a 90% confidence interval estimate of the population variance.
c. Provide a 90% confidence interval estimate of the population standard deviation.

24. Initial public offerings (IPOs) of stocks are on average underpriced. The standard devia-
tion measures the dispersion, or variation, in the underpricing-overpricing indicator. A
sample of 13 Canadian IPOs that were subsequently traded on the Toronto Stock Exchange
had a standard deviation of 14.95. Develop a 95% confidence interval estimate of the 
population standard deviation for the underpricing-overpricing indicator.

25. The estimated daily living costs for an executive traveling to various major cities follow.
The estimates include a single room at a four-star hotel, beverages, breakfast, taxi fares,
and incidental costs.

F �
s2

1

s2
2

σ 
2
1 � σ 

2
2

� 2 �
(n � 1)s2

σ 2
0

a. Compute the sample mean.
b. Compute the sample standard deviation.
c. Compute a 95% confidence interval for the population standard deviation.

26. Part variability is critical in the manufacturing of ball bearings. Large variances in the size
of the ball bearings cause bearing failure and rapid wearout. Production standards call for
a maximum variance of .0001 when the bearing sizes are measured in inches. A sample of
15 bearings shows a sample standard deviation of .014 inches.
a. Use α � .10 to determine whether the sample indicates that the maximum acceptable

variance is being exceeded.
b. Compute the 90% confidence interval estimate of the variance of the ball bearings in

the population.

City Daily Living Cost City Daily Living Cost

Bangkok $242.87 Madrid $283.56
Bogota 260.93 Mexico City 212.00
Bombay 139.16 Milan 284.08
Cairo 194.19 Paris 436.72
Dublin 260.76 Rio de Janeiro 240.87
Frankfurt 355.36 Seoul 310.41
Hong Kong 346.32 Tel Aviv 223.73
Johannesburg 165.37 Toronto 181.25
Lima 250.08 Warsaw 238.20
London 326.76 Washington, D.C. 250.61
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當 σ1
2 ＝σ2

2 時，母體變異數的假設檢定之檢定統計量
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Test Statistic for Hypothesis Tests About a Population Variance

(11.8)

Test Statistic for Hypothesis Tests About Population Variances with 

(11.10)

Supplementary Exercises

23. Because of staffing decisions, managers of the Gibson-Marimont Hotel are interested in
the variability in the number of rooms occupied per day during a particular season of the
year. A sample of 20 days of operation shows a sample mean of 290 rooms occupied per
day and a sample standard deviation of 30 rooms.
a. What is the point estimate of the population variance?
b. Provide a 90% confidence interval estimate of the population variance.
c. Provide a 90% confidence interval estimate of the population standard deviation.

24. Initial public offerings (IPOs) of stocks are on average underpriced. The standard devia-
tion measures the dispersion, or variation, in the underpricing-overpricing indicator. A
sample of 13 Canadian IPOs that were subsequently traded on the Toronto Stock Exchange
had a standard deviation of 14.95. Develop a 95% confidence interval estimate of the 
population standard deviation for the underpricing-overpricing indicator.

25. The estimated daily living costs for an executive traveling to various major cities follow.
The estimates include a single room at a four-star hotel, beverages, breakfast, taxi fares,
and incidental costs.

F �
s2

1

s2
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2
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� 2 �
(n � 1)s2

σ 2
0

a. Compute the sample mean.
b. Compute the sample standard deviation.
c. Compute a 95% confidence interval for the population standard deviation.

26. Part variability is critical in the manufacturing of ball bearings. Large variances in the size
of the ball bearings cause bearing failure and rapid wearout. Production standards call for
a maximum variance of .0001 when the bearing sizes are measured in inches. A sample of
15 bearings shows a sample standard deviation of .014 inches.
a. Use α � .10 to determine whether the sample indicates that the maximum acceptable

variance is being exceeded.
b. Compute the 90% confidence interval estimate of the variance of the ball bearings in

the population.

City Daily Living Cost City Daily Living Cost

Bangkok $242.87 Madrid $283.56
Bogota 260.93 Mexico City 212.00
Bombay 139.16 Milan 284.08
Cairo 194.19 Paris 436.72
Dublin 260.76 Rio de Janeiro 240.87
Frankfurt 355.36 Seoul 310.41
Hong Kong 346.32 Tel Aviv 223.73
Johannesburg 165.37 Toronto 181.25
Lima 250.08 Warsaw 238.20
London 326.76 Washington, D.C. 250.61
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 (11.10)　

　補充習題

23. 為了制定用人決策，Gibson-Marimont 旅館的經理想瞭解年中某一季每天住房數

的變動程度。以 20 個營業日為樣本，求得每天住房數的樣本平均數為 290 間，

樣本標準差為 30 間。

a. 試求母體變異數的點估計值。

b. 試求母體變異數的 90% 信賴區間估計。
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