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為 Minitab 的現有與新軟體技術之比較輸出。結果最後一行顯示 t ＝2.27 及 p 值＝

0.017。注意 Minitab 採用式 (10.7) 計算出的自由度為 21。

實用忠告

本節中介紹之區間估計與假設檢定程序為穩健，且可用於極小之樣本大小。大

多數應用上，雖然母體不是常態分配，但若兩樣本大小相等或幾乎相等，且總樣

本數目 n1＋n2 至少為 20，則可期望有較佳結果。若母體分配極度偏斜或包含離群

值，則應使用較大的樣本數目。若分析者對母體分配至少是近似常態分配感到滿

意，方可使用較小的樣本數。

評  註

另一種當 σ 1 與 σ 2 未知時，兩母體平均數之差的推論係基於兩母體具有相同標準差 (σ 1＝σ 2＝σ ) 的

假定。在此假定下，兩樣本標準差結合成下列混合樣本變異數：
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expected to provide very good results even if the populations are not normal. Larger sam-
ple sizes are recommended if the distributions of the populations are highly skewed or con-
tain outliers. Smaller sample sizes should only be used if the analyst is satisfied that the
distributions of the populations are at least approximately normal.

Two-sample T for Current vs New

N      Mean     StDev    SE Mean
Current    12     325.0      40.0         12
New        12     286.0      44.0         13

Difference = mu Current - mu New
Estimate for difference:  39.0000
95% lower bound for difference = 9.4643
T-Test of difference = 0 (vs >):  T-Value = 2.27  P-Value = 0.017  DF = 21

FIGURE 10.2 MINITAB OUTPUT FOR THE HYPOTHESIS TEST OF THE CURRENT AND NEW
SOFTWARE TECHNOLOGY

NOTES AND COMMENTS

Another approach used to make inferences about
the difference between two population means when
σ1 and σ2 are unknown is based on the assump-
tion that the two population standard deviations 
are equal (σ1 � σ2 � σ). Under this assumption,
the two sample standard deviations are combined
to provide the following pooled sample variance:

The t test statistic becomes

t �
(x̄1 � x̄
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and has n1 � n2 � 2 degrees of freedom. At this
point, the computation of the p-value and the inter-
pretation of the sample results are identical to the
procedures discussed earlier in this section.

A difficulty with this procedure is that the as-
sumption that the two population standard devia-
tions are equal is usually difficult to verify.
Unequal population standard deviations are fre-
quently encountered. Using the pooled procedure
may not provide satisfactory results especially if
the sample sizes n1 and n2 are quite different.

The t procedure that we presented in this sec-
tion does not require the assumption of equal 
population standard deviations and can be applied
whether the population standard deviations are
equal or not. It is a more general procedure and is
recommended for most applications.

Exercises

Methods
9. Consider the following results for independent random samples taken from two populations.

testSELF
Sample 1 Sample 2

n1 � 20 n2 � 30
� 22.5 � 20.1

s1 � 2.5 s2 � 4.8
x̄2x̄1
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此時 t 檢定統計量則變成
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且具有 n1＋n2－2 個自由度。此時，p 值的計算與抽樣結果的解釋與本節前述討論之程序相同。

此程序的困難之處是較難證實兩母體標準差相等。通常，不同的母體標準差較常出現。使用混合樣

本變異數也許無法滿足結果，尤其是當兩樣本大小 n1 與 n2 相當不同時。

本節介紹的 t 程序並不需要母體標準差相同之假定，且無論母體變異是否相同均可運用，故其為較

普遍之程序，亦被多方運用。

　習　題

方法

9. 考慮下列取自兩母體的獨立隨機樣本的結果。testSELF
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現有與新軟體技術的假設檢定之 Minitab 輸出圖 10.2

在任何情形下，均

應盡可能地使樣本

大小相等，即 n1＝

n2。
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 樣本 1 樣本 2
 n1＝20 n2＝30

 x1＝22.5  x2＝20.1

 s1＝2.5 s2＝4.8

a. 此兩母體平均數之差的點估計值為何？

b. t 分配之自由度為何？

c. 在 95% 信賴水準下，邊際誤差為何？

d. 此兩母體平均數之差的 95% 信賴區間為何？

10. 考慮下列假設檢定。

H0：μ1－ μ2＝0

Ha：μ1－ μ2≠0

 下列為取自兩母體的獨立樣本結果。

 樣本 1 樣本 2 
 n1＝35 n2＝40

 x1＝13.6  x2＝10.1

 s1＝5.2 s2 ＝8.5

a. 檢定統計量之值為何？

b. t 分配之自由度為何？

c. p 值為何？

d. 在 α＝0.05 時，你的結論為何？

11. 考慮下列取自兩常態母體的獨立隨機樣本資料：

 

Chapter 10 Statistical Inference About Means and Proportions with Two Populations 407

a. What is the point estimate of the difference between the two population means?
b. What is the degrees of freedom for the t distribution?
c. At 95% confidence, what is the margin of error?
d. What is the 95% confidence interval for the difference between the two popula-

tion means?

10. Consider the following hypothesis test.

The following results are from independent samples taken from two populations.

H0:

Ha:
 
μ1 � μ2 � 0

μ1 � μ2 � 0

a. What is the value of the test statistic?
b. What is the degrees of freedom for the t distribution?
c. What is the p-value?
d. At α � .05, what is your conclusion?

11. Consider the following data for two independent random samples taken from two normal
populations.

Sample 1 10 7 13 7 9 8

Sample 2 8 7 8 4 6 9

a. Compute the two sample means.
b. Compute the two sample standard deviations.
c. What is the point estimate of the difference between the two population means?
d. What is the 90% confidence interval estimate of the difference between the two pop-

ulation means?

Applications
12. The U.S. Department of Transportation provides the number of miles that residents of the

75 largest metropolitan areas travel per day in a car. Suppose that for a simple random
sample of 50 Buffalo residents the mean is 22.5 miles a day and the standard deviation is
8.4 miles a day, and for an independent simple random sample of 40 Boston residents the
mean is 18.6 miles a day and the standard deviation is 7.4 miles a day.
a. What is the point estimate of the difference between the mean number of miles that

Buffalo residents travel per day and the mean number of miles that Boston residents
travel per day?

b. What is the 95% confidence interval for the difference between the two popula-
tion means?

testSELF

Sample 1 Sample 2

n1 � 35 n2 � 40
� 13.6 � 10.1

s1 � 5.2 s2 � 8.5
x̄2x̄1

testSELF
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樣本 1

樣本 2  

a. 試求兩樣本平均數。

b. 試求兩樣本標準差。

c. 此兩母體平均數之差的點估計值為何？

d. 此兩母體平均數之差的 90% 信賴區間估計值為何？

應用

12. 在美國運輸部所蒐集的資料中，可看到美國 75 個大都會區的居民每天在車上的

哩程數。假定一個包含 50 位水牛城居民的簡單隨機樣本，其平均數為一天 22.5 

哩，標準差為一天 8.4 哩；而另一包含 40 位波士頓市居民的獨立簡單隨機樣

本，其平均數為一天 18.6 哩，標準差為一天 7.4 哩。

a. 水牛城與波士頓居民每天在車上的平均哩程數之差的點估計值為何？

b. 此兩母體平均數之差的 95% 信賴區間為何？

testSELF

testSELF
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13. FedEx 與 United Parcel Services (UPS) 在數量與獲利上是世界上兩大貨運公司 

(The Wall Street Journal, January 27, 2004)。根據國際機場協會，曼菲斯國際機場

(FedEx) 與路易斯維爾國際機場 (UPS) 是世界 10 大貨運機場中的兩個。下面為

由這些機場每日處理成噸貨物的隨機樣本，以千噸為單位。

曼菲斯

 

8.4 miles a day, and for an independent simple random sample of 40 Boston residents the
mean is 18.6 miles a day and the standard deviation is 7.4 miles a day.
a. What is the point estimate of the difference between the mean number of miles that

Buffalo residents travel per day and the mean number of miles that Boston residents
travel per day?

b. What is the 95% confidence interval for the difference between the two popula-
tion means?

13. FedEx and United Parcel Service (UPS) are the world’s two leading cargo carriers by vol-
ume and revenue (The Wall Street Journal, January 27, 2004). According to the Airports
Council International, the Memphis International Airport (FedEx) and the Louisville Inter-
national Airport (UPS) are two of the ten largest cargo airports in the world. The following
random samples show the tons of cargo per day handled by these airports. Data are in thou-
sands of tons.

408 Chapter 10 Statistical Inference About Means and Proportions with Two Populations

Coastal Areas Noncoastal Areas

n1 � 150 n2 � 175
� 39.3 years � 35.4 years

s1 � 16.8 years s2 � 15.2 years
x̄2x̄1

Memphis

9.1 15.1 8.8 10.0 7.5 10.5
8.3 9.1 6.0 5.8 12.1 9.3

Louisville

4.7 5.0 4.2 3.3 5.5
2.2 4.1 2.6 3.4 7.0

fileCD
Cargo

a. Compute the sample mean and sample standard deviation for each airport.
b. What is the point estimate of the difference between the two population means? In-

terpret this value in terms of the higher-volume airport and a comparison of the vol-
ume difference between the two airports.

c. Develop a 95% confidence interval of the difference between the daily population
means for the two airports.

14. Coastal areas of the United States including Cape Cod, the Outer Banks, the Carolinas,
and the Gulf Coast had relatively high population growth rates during the 1990s. Data
were collected on residents living in the coastal communities as well as on residents
living in noncoastal areas throughout the United States (USA Today, July 21, 2000). As-
sume that the following sample results were obtained on the ages of individuals in the
two populations:

Test the hypothesis of no difference between the two population means. Use α � .05.
a. Formulate the null and alternative hypotheses.
b. What is the value of the test statistic?
c. What is the p-value?
d. What is your conclusion?

15. Injuries to Major League Baseball players have been increasing in recent years. For the pe-
riod 1992 to 2001, league expansion caused Major League Baseball rosters to increase 15%.
However, the number of players being put on the disabled list due to injury increased 32%
over the same period (USA Today, July 8, 2002). A research question addressed whether
Major League Baseball players being put on the disabled list are on the list longer in 2001
than players put on the disabled list a decade earlier.
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a. 請計算各個機場的樣本平均數與樣本標準差。

b. 此兩母體平均數之差的點估計值為何？由較高容量機場的觀點解釋此值，並

比較兩機場的容量差異。

c. 試建立兩個機場的每日母體平均分數之差的 95% 信賴區間。

14. 在 1990 年代，包括鱈魚角、外灘群島、卡羅來納地區，以及海灣海岸等美國沿

海區域，即有非常高的人口成長率。全美國居住在沿海與非沿海地區居民的資

料均被蒐集 (USA Today, July 21, 2000)。假設下列樣本結果分別來自兩個母體之

個人年齡：

 沿海地區 非沿海地區

 n1＝150 n2＝175

 x1＝39.3 歲  x2＝35.4 歲

 s1＝16.8 歲 s2 ＝15.2 歲

 欲檢定 α＝0.05 下，此兩母體平均數間無差異。

a. 請建立虛無與對立假設。

b. 檢定統計量之值為何？

c. p 值為何？

d. 你的結論為何？

15. 近幾年來美國職棒大聯盟球員受傷情形持續增加。在 1992 年至 2001 年期間，

因聯盟擴張造成大聯盟球員名單增加 15%。然而，在同一時期，球員因受傷而

被列入傷兵名單人數亦增加 32% (USA Today, July 8, 2002)。一項研究報導，在 

2001 年大聯盟球員被放在傷兵名單的時間較 10 年前長。

a. 請利用在傷兵名單中球員母體平均天數，建立檢定上述研究問題之虛無與對

立假設。

b. 設若運用下列資料：

fileCD
Cargo
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  2001 年球季 1992 年球季
 樣本大小 n1＝45 n2＝38

 樣本平均數 x1＝60 天 x2＝51 天

 樣本標準差 s1＝18 天 s2＝15 天

 2001 年球季傷兵名單與 1992 年球季的母體平均天數之差的點估計值為何？

傷兵名單增加天數的比例為何？

c. 使用 α＝0.01，你對傷兵名單的天數結論為何？p 值為何？

d. 這些資料可否建議職棒大聯盟更應多關心此種情形？

16. 大學委員會提供基於受測者父母最高教育程度的學術性向測驗 (SAT) 比較分

數，研究假設為父母教育程度較高的學生在 SAT 上有較高的平均成績。2003 

年時整體平均 SAT 言語分數為 507 (The World Almanac 2004)。學生獨立樣本

的 SAT 測驗分數亦同。第一組樣本為父母具學士學位的學生之 SAT 言語測驗

分數，第二組樣本則是父母高中畢業但不具大學學歷的學生之 SAT 言語測驗分

數。

 學生的父母

 大學畢業 高中畢業

a. Using the population mean number of days a player is on the disabled list, formulate
null and alternative hypotheses that can be used to test the research question.

b. Assume that the following data apply:

10.2 Inferences About the Difference Between Two Population Means: σ1 and σ2 Unknown 409

2001 Season 1992 Season

Sample size n1 � 45 n2 � 38
Sample mean � 60 days � 51 days
Sample standard deviation s1 � 18 days s2 � 15 days

x̄2x̄1

fileCD
SATVerbal

Student’s Parents

College Grads High School Grads

485 487 442 492
534 533 580 478
650 526 479 425
554 410 486 485
550 515 528 390
572 578 524 535
497 448
592 469

What is the point estimate of the difference between population mean number of days
on the disabled list for 2001 compared to 1992? What is the percentage increase in the
number of days on the disabled list?

c. Use α � .01. What is your conclusion about the number of days on the disabled list?
What is the p-value?

d. Do these data suggest that Major League Baseball should be concerned about the
situation?

16. The College Board provided comparisons of Scholastic Aptitude Test (SAT) scores based
on the highest level of education attained by the test taker’s parents. A research hypothe-
sis was that students whose parents had attained a higher level of education would on aver-
age score higher on the SAT. During 2003, the overall mean SAT verbal score was 507 
(The World Almanac 2004). SAT verbal scores for independent samples of students follow.
The first sample shows the SAT verbal test scores for students whose parents are college
graduates with a bachelor’s degree. The second sample shows the SAT verbal test scores
for students whose parents are high school graduates but do not have a college degree.

a. Formulate the hypotheses that can be used to determine whether the sample data sup-
port the hypothesis that students show a higher population mean verbal score on the
SAT if their parents attained a higher level of education.

b. What is the point estimate of the difference between the means for the two populations?
c. Compute the p-value for the hypothesis test.
d. At α � .05, what is your conclusion?

17. Periodically, Merrill Lynch customers are asked to evaluate Merrill Lynch financial con-
sultants and services (2000 Merrill Lynch Client Satisfaction Survey). Higher ratings on
the client satisfaction survey indicate better service, with 7 the maximum service rating.
Independent samples of service ratings for two financial consultants are summarized here.
Consultant A has 10 years of experience, whereas consultant B has 1 year of experience.
Use α � .05 and test to see whether the consultant with more experience has the higher
population mean service rating.
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a. 請建立假設以決定樣本資料是否支持父母教育程度較高的學生，會有較高的

母體平均 SAT 言語測驗分數之檢定。

b. 此兩母體平均數之差的點估計值為何?

c. 請計算此假設檢定的 p 值。 

d. 在 α＝0.05 時，你的結論為何？ 

17. Merrill Lynch 公司會週期性地要求其顧客對該公司之財務顧問與服務等作評價 

(2000 年 Merrill Lynch 顧客滿意度調查)。顧客滿意度調查指標愈高表示其服務

愈好，7 則為最高之服務等級。針對兩位財務顧問之獨立抽樣服務評比資料如

下，其中顧問 A 有 10 年經驗；而顧問 B 有 1 年經驗。請使用 α＝0.05，檢定是

否較具經驗的顧問有較高之平均服務評價。

 顧問 A 顧問 B
 n1＝16 n2＝10

 x1＝6.82  x2＝6.25

 s1＝0.64 s2＝0.75
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397Chatper 10　兩母體平均數與比例的統計推論

a. 請建立虛無假設與對立假設。

b. 請計算檢定統計量之值。

c. p 值為何？

d. 你的結論為何？

18. 一些教育補習班提供家教、課堂學習，以及模擬測驗等，以協助學生能在一些

如學術性向測驗 (SAT) 等考試中獲得較好的成績。補習班業者宣稱其課程可提

升 SAT 成績平均約 120 分 (The Wall Street Journal, January 23, 2003)。某一研究

人員不認同此種說法，並認為 120 分係言過其實，僅為慫恿學生參加其考前預

習課程而已。為調查某一補習班之成效，該研究人員蒐集了 35 位參加考前預習

課程的學生與 48 位未參加此課程學生的 SAT 成績。本研究成績收錄於 CD 光碟

中，檔案名為 SAT。

a. 請建立可用於檢定該研究人員之 SAT 分數改善少於平均 120 分看法的假設。

b. 使用 α＝0.05，你的結論為何？

c. 參加考前預習課程而使平均 SAT 成績改善的點估計值為何？請建立此改善之 

95% 信賴區間之估計值。

d. 得知此信賴區間後，你對該研究人員的建議為何？

10.3　兩母體平均數之差的推論：配對樣本

假定某製造商欲生產某一特定產品可以採用兩種不同的方法。為了使產出最

大，該公司想知道哪一種方法其完成一單位產品的平均時間最短。令 μ1 及 μ2 分別

代表生產方法 1 及生產方法 2 的母體平均數完成時間，由於事先並不知道哪一種

方法較好，我們先假定這兩種方法的平均完成時間相等。因此，虛無假設為 H0：

μ1－μ2＝0。如果此一假設被拒絕，即顯示其母體平均數完成時間確有差異。而在

本案例中，平均完成時間較短的方法將被公司所採用。此時，虛無及對立假設可表

示如下。

H0：μ1－μ2＝ 0

Ha：μ1－μ2≠ 0

而在設計適當的抽樣程序，以蒐集生產時間的資料並對上述假設進行檢定時，有兩

種方法：獨立樣本 (independent samples) 及配對樣本 (matched samples) 可供選擇。

1. 獨立樣本設計：從作業員中選取一簡單隨機樣本，且每位作業員使用方法 1 來

生產；另從作業員中選取一獨立簡單隨機樣本，且每位作業員使用方法 2 來生

產。並以 10.2 節中所介紹的程序，檢定母體平均數的差異。

2. 配對樣本設計：從作業員中選取一簡單隨機樣本，每位作業員先使用其中一種

方法來生產，再使用另一方法來生產。至於使用方法的順序則為隨機指派，因

此，某些作業員先使用方法 1，某些則先使用方法 2。如此下來，每一位被選

取的作業員均提供了一對觀測值，其中一個是方法 1 的，另一個是方法 2 的。
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