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變異數

雖然可藉由期望值瞭解隨機變數的平均值，但我們經常也需要衡量隨機變數

的分散程度或變異性。就如同在第 3 章用變異數 (variance) 表示一組資料的分散程

度，現在我們利用變異數來表達隨機變數的分散程度或變異性，離散隨機變數的變

異數的數學公式如下。

離散隨機變數的變異數
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5.3 Expected Value and Variance
Expected Value
The expected value, or mean, of a random variable is a measure of the central location for the
random variable. The formula for the expected value of a discrete random variable x follows.

Both the notations E(x) and μ are used to denote the expected value of a random variable.
Equation (5.4) shows that to compute the expected value of a discrete random variable,

we must multiply each value of the random variable by the corresponding probability f (x) and
then add the resulting products. Using the DiCarlo Motors automobile sales example from
Section 5.2, we show the calculation of the expected value for the number of automobiles sold
during a day in Table 5.5. The sum of the entries in the xf (x) column shows that the expected
value is 1.50 automobiles per day. We therefore know that although sales of 0, 1, 2, 3, 4, or 5
automobiles are possible on any one day, over time DiCarlo can anticipate selling an average
of 1.50 automobiles per day. Assuming 30 days of operation during a month, we can use the
expected value of 1.50 to forecast average monthly sales of 30(1.50) � 45 automobiles.

Variance
Even though the expected value provides the mean value for the random variable, we often
need a measure of variability, or dispersion. Just as we used the variance in Chapter 3 to sum-
marize the variability in data, we now use variance to summarize the variability in the val-
ues of a random variable. The formula for the variance of a discrete random variable follows.

EXPECTED VALUE OF A DISCRETE RANDOM VARIABLE

(5.4)E(x) � μ � �x f (x)

The expected value is a
weighted average of the
values the random variable
may assume. The weights
are the probabilities.

The expected value does
not have to be a value the
random variable can
assume.

x f (x) xf (x)
0 .18 0(.18) � .00
1 .39 1(.39) � .39
2 .24 2(.24) � .48
3 .14 3(.14) � .42
4 .04 4(.04) � .16
5 .01 5(.01) � .05

1.50

E(x) � μ � �xf (x)

TABLE 5.5 CALCULATION OF THE EXPECTED VALUE FOR THE NUMBER 
OF AUTOMOBILES SOLD DURING A DAY AT DICARLO MOTORS

VARIANCE OF A DISCRETE RANDOM VARIABLE

(5.5)Var(x) � σ 2 � �(x � μ)2f (x)

The variance is a weighted
average of the squared
deviations of a random
variable from its mean. The
weights are the probabilities.
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 (5.5)　

如式 (5.5) 所示，變異數公式的重要部分是離差 x－µ，離差是用來衡量任意隨機變

數與期望值或平均數 µ  的距離。而變異數的計算是將離差取平方之後再與各隨機變

數的機率函數值相乘，最後將各乘積加總即為變異數，記作 Var(x) 及 σ 2，兩者皆

可用來表示隨機變數的變異數。

表 5.6 是 DiCarlo 汽車公司日銷售量之機率分配的變異數計算過程。由該表可

知其變異數為 1.25。標準差 (standard deviation) 定義為變異數的正平方根，記作 

σ。因此，該汽車公司日銷售數量的標準差為：

	

As equation (5.5) shows, an essential part of the variance formula is the deviation, x � μ,
which measures how far a particular value of the random variable is from the expected
value, or mean, μ. In computing the variance of a random variable, the deviations are
squared and then weighted by the corresponding value of the probability function. The sum
of these weighted squared deviations for all values of the random variable is referred to as
the variance. The notations Var(x) and σ 2 are both used to denote the variance of a random
variable.

The calculation of the variance for the probability distribution of the number of 
automobiles sold during a day at DiCarlo Motors is summarized in Table 5.6. We see 
that the variance is 1.25. The standard deviation, σ, is defined as the positive square root
of the variance. Thus, the standard deviation for the number of automobiles sold during 
a day is

The standard deviation is measured in the same units as the random variable (σ � 1.118 auto-
mobiles) and therefore is often preferred in describing the variability of a random variable.
The variance σ 2 is measured in squared units and is thus more difficult to interpret.

Exercises

Methods
15. The following table provides a probability distribution for the random variable x.

σ � �1.25 � 1.118
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x x � μ (x � μ)2 f (x) (x � μ)2f (x)
0 0 � 1.50 � �1.50 2.25 .18 2.25(.18) � .4050
1 1 � 1.50 � �.50 .25 .39 .25(.39) � .0975
2 2 � 1.50 � .50 .25 .24 .25(.24) � .0600
3 3 � 1.50 � 1.50 2.25 .14 2.25(.14) � .3150
4 4 � 1.50 � 2.50 6.25 .04 6.25(.04) � .2500
5 5 � 1.50 � 3.50 12.25 .01 12.25(.01) � .1225

1.2500

σ 2 � �(x � μ)2f (x)

TABLE 5.6 CALCULATION OF THE VARIANCE FOR THE NUMBER OF AUTOMOBILES
SOLD DURING A DAY AT DICARLO MOTORS

x f (x)

3 .25
6 .50
9 .25

a. Compute E(x), the expected value of x.
b. Compute σ 2, the variance of x.
c. Compute σ, the standard deviation of x.
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標準差與隨機變數有相同的單位 (σ＝1.118 輛)，因此更常被用來衡量隨機變數的變

異性。這是因為變異數 σ 2	的單位是衡量單位的平方，在解釋上較為困難。

　習　題

方法

15. 隨機變數 x 的機率分配如下所示。

As equation (5.5) shows, an essential part of the variance formula is the deviation, x � μ,
which measures how far a particular value of the random variable is from the expected
value, or mean, μ. In computing the variance of a random variable, the deviations are
squared and then weighted by the corresponding value of the probability function. The sum
of these weighted squared deviations for all values of the random variable is referred to as
the variance. The notations Var(x) and σ 2 are both used to denote the variance of a random
variable.

The calculation of the variance for the probability distribution of the number of 
automobiles sold during a day at DiCarlo Motors is summarized in Table 5.6. We see 
that the variance is 1.25. The standard deviation, σ, is defined as the positive square root
of the variance. Thus, the standard deviation for the number of automobiles sold during 
a day is

The standard deviation is measured in the same units as the random variable (σ � 1.118 auto-
mobiles) and therefore is often preferred in describing the variability of a random variable.
The variance σ 2 is measured in squared units and is thus more difficult to interpret.

Exercises

Methods
15. The following table provides a probability distribution for the random variable x.

σ � �1.25 � 1.118

Chapter 5 Discrete Probability Distributions 195

x x � μ (x � μ)2 f (x) (x � μ)2f (x)
0 0 � 1.50 � �1.50 2.25 .18 2.25(.18) � .4050
1 1 � 1.50 � �.50 .25 .39 .25(.39) � .0975
2 2 � 1.50 � .50 .25 .24 .25(.24) � .0600
3 3 � 1.50 � 1.50 2.25 .14 2.25(.14) � .3150
4 4 � 1.50 � 2.50 6.25 .04 6.25(.04) � .2500
5 5 � 1.50 � 3.50 12.25 .01 12.25(.01) � .1225

1.2500

σ 2 � �(x � μ)2f (x)

TABLE 5.6 CALCULATION OF THE VARIANCE FOR THE NUMBER OF AUTOMOBILES
SOLD DURING A DAY AT DICARLO MOTORS

x f (x)

3 .25
6 .50
9 .25

a. Compute E(x), the expected value of x.
b. Compute σ 2, the variance of x.
c. Compute σ, the standard deviation of x.
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As equation (5.5) shows, an essential part of the variance formula is the deviation, x � μ,
which measures how far a particular value of the random variable is from the expected
value, or mean, μ. In computing the variance of a random variable, the deviations are
squared and then weighted by the corresponding value of the probability function. The sum
of these weighted squared deviations for all values of the random variable is referred to as
the variance. The notations Var(x) and σ 2 are both used to denote the variance of a random
variable.

The calculation of the variance for the probability distribution of the number of 
automobiles sold during a day at DiCarlo Motors is summarized in Table 5.6. We see 
that the variance is 1.25. The standard deviation, σ, is defined as the positive square root
of the variance. Thus, the standard deviation for the number of automobiles sold during 
a day is

The standard deviation is measured in the same units as the random variable (σ � 1.118 auto-
mobiles) and therefore is often preferred in describing the variability of a random variable.
The variance σ 2 is measured in squared units and is thus more difficult to interpret.

Exercises

Methods
15. The following table provides a probability distribution for the random variable x.

σ � �1.25 � 1.118

Chapter 5 Discrete Probability Distributions 195

x x � μ (x � μ)2 f (x) (x � μ)2f (x)
0 0 � 1.50 � �1.50 2.25 .18 2.25(.18) � .4050
1 1 � 1.50 � �.50 .25 .39 .25(.39) � .0975
2 2 � 1.50 � .50 .25 .24 .25(.24) � .0600
3 3 � 1.50 � 1.50 2.25 .14 2.25(.14) � .3150
4 4 � 1.50 � 2.50 6.25 .04 6.25(.04) � .2500
5 5 � 1.50 � 3.50 12.25 .01 12.25(.01) � .1225

1.2500

σ 2 � �(x � μ)2f (x)

TABLE 5.6 CALCULATION OF THE VARIANCE FOR THE NUMBER OF AUTOMOBILES
SOLD DURING A DAY AT DICARLO MOTORS

x f (x)

3 .25
6 .50
9 .25

a. Compute E(x), the expected value of x.
b. Compute σ 2, the variance of x.
c. Compute σ, the standard deviation of x.
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變異數是隨機變數

與平均數差的平方

的加權平均數，權

重為機率值。

DiCarlo 汽車日銷售量變異數的計算過程表 5.6

As equation (5.5) shows, an essential part of the variance formula is the deviation, x � μ,
which measures how far a particular value of the random variable is from the expected
value, or mean, μ. In computing the variance of a random variable, the deviations are
squared and then weighted by the corresponding value of the probability function. The sum
of these weighted squared deviations for all values of the random variable is referred to as
the variance. The notations Var(x) and σ 2 are both used to denote the variance of a random
variable.

The calculation of the variance for the probability distribution of the number of 
automobiles sold during a day at DiCarlo Motors is summarized in Table 5.6. We see 
that the variance is 1.25. The standard deviation, σ, is defined as the positive square root
of the variance. Thus, the standard deviation for the number of automobiles sold during 
a day is

The standard deviation is measured in the same units as the random variable (σ � 1.118 auto-
mobiles) and therefore is often preferred in describing the variability of a random variable.
The variance σ 2 is measured in squared units and is thus more difficult to interpret.

Exercises

Methods
15. The following table provides a probability distribution for the random variable x.

σ � �1.25 � 1.118

Chapter 5 Discrete Probability Distributions 195

x x � μ (x � μ)2 f (x) (x � μ)2f (x)
0 0 � 1.50 � �1.50 2.25 .18 2.25(.18) � .4050
1 1 � 1.50 � �.50 .25 .39 .25(.39) � .0975
2 2 � 1.50 � .50 .25 .24 .25(.24) � .0600
3 3 � 1.50 � 1.50 2.25 .14 2.25(.14) � .3150
4 4 � 1.50 � 2.50 6.25 .04 6.25(.04) � .2500
5 5 � 1.50 � 3.50 12.25 .01 12.25(.01) � .1225

1.2500

σ 2 � �(x � μ)2f (x)

TABLE 5.6 CALCULATION OF THE VARIANCE FOR THE NUMBER OF AUTOMOBILES
SOLD DURING A DAY AT DICARLO MOTORS

x f (x)

3 .25
6 .50
9 .25

a. Compute E(x), the expected value of x.
b. Compute σ 2, the variance of x.
c. Compute σ, the standard deviation of x.
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0
0
0
0
0
0

0
0
0
0
0
0

2.25(0
0.25(0
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2.25(0
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12.25(0
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0

0
0
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a. 計算 x 的期望值 E(x)。

b. 計算 x 的變異數 σ 2。

c. 計算 x 的標準差 σ。

16. 隨機變數 y 的機率分配如下所示。

196 STATISTICS FOR BUSINESS AND ECONOMICS

16. The following table provides a probability distribution for the random variable y.

a. Compute E( y).
b. Compute Var( y) and σ.

Applications
17. A volunteer ambulance service handles 0 to 5 service calls on any given day. The proba-

bility distribution for the number of service calls is as follows.

a. What is the expected number of service calls?
b. What is the variance in the number of service calls? What is the standard deviation?

18. TheAmericanHousingSurveyreportedthefollowingdataonthenumberofbedroomsinowner-
occupied and renter-occupied houses in central cities (www.census.gov, March 31, 2003).

a. Define a random variable x � number of bedrooms in renter-occupied houses and de-
velop a probability distribution for the random variable. (Let x � 4 represent 4 or
more bedrooms.)

b. Compute the expected value and variance for the number of bedrooms in renter-
occupied houses.

c. Define a random variable y � number of bedrooms in owner-occupied houses and de-
velop a probability distribution for the random variable. (Let y � 4 represent 4 or
more bedrooms.)

d. Compute the expected value and variance for the number of bedrooms in owner-
occupied houses.

e. What observations can you make from a comparison of the number of bedrooms in
renter-occupied versus owner-occupied homes?

testSELF

testSELF

y f ( y)

2 .20
4 .30
7 .40
8 .10

Number of Service Calls Probability

0 0.10
1 0.15
2 0.30
3 0.20
4 0.15
5 0.10

Number of Houses (1000s)
Bedrooms Renter-Occupied Owner-Occupied

0 547 23
1 5012 541
2 6100 3832
3 2644 8690

4 or more 557 3783
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0
0
0
0

a. 計算 E(y)。

b. 計算 Var(y) 和 σ。

應用

17. 義務救難服務隊每天接到的求救電話在 0 通到 5 通之間。求救電話通數的機率

分配如下所示。

196 STATISTICS FOR BUSINESS AND ECONOMICS

16. The following table provides a probability distribution for the random variable y.

a. Compute E( y).
b. Compute Var( y) and σ.

Applications
17. A volunteer ambulance service handles 0 to 5 service calls on any given day. The proba-

bility distribution for the number of service calls is as follows.

a. What is the expected number of service calls?
b. What is the variance in the number of service calls? What is the standard deviation?

18. TheAmericanHousingSurveyreportedthefollowingdataonthenumberofbedroomsinowner-
occupied and renter-occupied houses in central cities (www.census.gov, March 31, 2003).

a. Define a random variable x � number of bedrooms in renter-occupied houses and de-
velop a probability distribution for the random variable. (Let x � 4 represent 4 or
more bedrooms.)

b. Compute the expected value and variance for the number of bedrooms in renter-
occupied houses.

c. Define a random variable y � number of bedrooms in owner-occupied houses and de-
velop a probability distribution for the random variable. (Let y � 4 represent 4 or
more bedrooms.)

d. Compute the expected value and variance for the number of bedrooms in owner-
occupied houses.

e. What observations can you make from a comparison of the number of bedrooms in
renter-occupied versus owner-occupied homes?

testSELF

testSELF

y f ( y)

2 .20
4 .30
7 .40
8 .10

Number of Service Calls Probability

0 0.10
1 0.15
2 0.30
3 0.20
4 0.15
5 0.10

Number of Houses (1000s)
Bedrooms Renter-Occupied Owner-Occupied

0 547 23
1 5012 541
2 6100 3832
3 2644 8690

4 or more 557 3783
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求救電話通數 機率

a. 電話通數的期望值為何？

b. 電話通數的變異數與標準差為何？

18. 美國住屋調查報告提出下列資料，資料中顯示主要城市的自有住宅及出租住宅

的臥室數目資料 (www.census.gov, March 31, 2003)。

196 STATISTICS FOR BUSINESS AND ECONOMICS

16. The following table provides a probability distribution for the random variable y.

a. Compute E( y).
b. Compute Var( y) and σ.

Applications
17. A volunteer ambulance service handles 0 to 5 service calls on any given day. The proba-

bility distribution for the number of service calls is as follows.

a. What is the expected number of service calls?
b. What is the variance in the number of service calls? What is the standard deviation?

18. TheAmericanHousingSurveyreportedthefollowingdataonthenumberofbedroomsinowner-
occupied and renter-occupied houses in central cities (www.census.gov, March 31, 2003).

a. Define a random variable x � number of bedrooms in renter-occupied houses and de-
velop a probability distribution for the random variable. (Let x � 4 represent 4 or
more bedrooms.)

b. Compute the expected value and variance for the number of bedrooms in renter-
occupied houses.

c. Define a random variable y � number of bedrooms in owner-occupied houses and de-
velop a probability distribution for the random variable. (Let y � 4 represent 4 or
more bedrooms.)

d. Compute the expected value and variance for the number of bedrooms in owner-
occupied houses.

e. What observations can you make from a comparison of the number of bedrooms in
renter-occupied versus owner-occupied homes?

testSELF

testSELF

y f ( y)

2 .20
4 .30
7 .40
8 .10

Number of Service Calls Probability

0 0.10
1 0.15
2 0.30
3 0.20
4 0.15
5 0.10

Number of Houses (1000s)
Bedrooms Renter-Occupied Owner-Occupied

0 547 23
1 5012 541
2 6100 3832
3 2644 8690

4 or more 557 3783
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臥室數目 出租 自住

4 間 (含) 以上

房屋數目 (千戶)

a. 定義隨機變數 x 為出租住宅之臥室數目，請編製此隨機變數的機率分配 [令 x

＝4 表示擁有 4 間 (含) 以上臥室]。

b. 請計算 (a) 中隨機變數 x 的期望值及變異數。

c. 定義隨機變數 y 為自有住宅之臥室數目，請編製此隨機變數的機率分配 [令 y

＝4 表示擁有 4 間 (含) 以上臥室]。

d. 請計算 (c) 中隨機變數 y 的期望值及變異數。

testSELF

testSELF
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e. 比較出租及自有住宅的臥室數目後，請說明你的觀察結果。

19. NBA 會對所屬的每個隊伍提供許多不同的統計數據。其中包括投籃命中率及三

分球命中率。2004 年球季，29 支 NBA 球隊的 2 分球命中率是 0.44，3 分球命

中率則是 0.34 (www.nba.com, January 3, 2004)。

a. 投 2 分球的期望值為何？ 

b. 投 3 分球的期望值為何？ 

c. 如果 2 分球的命中率高於 3 分球，為何教練允許某些球員在有機會時就投 3 

分球？請以期望值解釋之。

20. Newton 汽車保險公司的損害保險理賠狀況如下所示。

5.3 Expected Value and Variance 199

a field goal was .44, and the probability of scoring three points by making a three-point
shot was .34 (www.nba.com, January 3, 2004).
a. What is the expected value of a two-point shot for these teams?
b. What is the expected value of a three-point shot for these teams?
c. If the probability of making a two-point shot is greater than the probability of making

a three-point shot, why do coaches allow some players to shoot the three-point shot if
they have the opportunity? Use expected value to explain your answer.

20. The probability distribution for damage claims paid by the Newton Automobile Insurance
Company on collision insurance follows.

a. Use the expected collision payment to determine the collision insurance premium that
would enable the company to break even.

b. The insurance company charges an annual rate of $520 for the collision coverage.
What is the expected value of the collision policy for a policyholder? (Hint: It is the ex-
pected payments from the company minus the cost of coverage.) Why does the policy-
holder purchase a collision policy with this expected value?

21. The following probability distributions of job satisfaction scores for a sample of informa-
tion systems (IS) senior executives and IS middle managers range from a low of 1 (very
dissatisfied) to a high of 5 (very satisfied).

Payment ($) Probability

0 .85
500 .04

1000 .04
3000 .03
5000 .02
8000 .01

10000 .01

Probability

Job Satisfaction IS Senior IS Middle
Score Executives Managers

1 .05 .04
2 .09 .10
3 .03 .12
4 .42 .46
5 .41 .28

a. What is the expected value of the job satisfaction score for senior executives?
b. What is the expected value of the job satisfaction score for middle managers?
c. Compute the variance of job satisfaction scores for executives and middle managers.
d. Compute the standard deviation of job satisfaction scores for both probability distributions.
e. Compare the overall job satisfaction of senior executives and middle managers.

22. The demand for a product of Carolina Industries varies greatly from month to month. The
probability distribution in the following table, based on the past two years of data, shows
the company’s monthly demand.

Unit Demand Probability

300 .20
400 .30
500 .35
600 .15
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理賠金額 ($) 機率

0
0
0
0
0
0
0

a. 利用理賠金額的期望值決定損益兩平的保險費。 

b. 保險公司每年收取 $520 的保費，對投保人而言，其投保損害保險的期望值

為何 (提示：保險公司平均理賠金額減投保保費)？為什麼保戶要購買此一保

險？

21. 資訊系統 (IS) 資深主管及中階經理工作滿意度分數的機率分配表示如下。分數

範圍由最低的 1 分 (非常不滿意) 到最高的 5 分 (非常滿意)。

Chapter 5 Discrete Probability Distributions 197

19. The actual shooting records of four basketball teams showed the probability of making a
2-point basket was .50 and the probability of making a 3-point basket was .39.
a. What is the expected value of a 2-point shot for these teams?
b. What is the expected value of a 3-point shot for these teams?
c. If the probability of making a 2-point basket is greater than the probability of making

a 3-point basket, why do coaches allow some players to shoot the 3-point shot if they
have the opportunity? Use expected value to explain your answer.

20. The probability distribution for damage claims paid by the Newton Automobile Insurance
Company on collision insurance follows.

a. Use the expected collision payment to determine the collision insurance premium that
would enable the company to break even.

b. The insurance company charges an annual rate of $260 for the collision coverage.
What is the expected value of the collision policy for a policyholder? (Hint: It is the
expected payments from the company minus the cost of coverage.) Why does the pol-
icyholder purchase a collision policy with this expected value?

21. The following probability distributions of job satisfaction scores for a sample of informa-
tion systems (IS) senior executives and IS middle managers range from a low of 1 (very
dissatisfied) to a high of 5 (very satisfied) (Computerworld,May 26, 1997).

Payment ($) Probability

0 .90
400 .04

1000 .03
2000 .01
4000 .01
6000 .01

Probability

Job Satisfaction IS Senior IS Middle
Score Executives Managers

1 .05 .04
2 .09 .10
3 .03 .12
4 .42 .46
5 .41 .28

a. What is the expected value of the job satisfaction score for senior executives?
b. What is the expected value of the job satisfaction score for middle managers?
c. Compute the variance of job satisfaction scores for executives and middle managers.
d. Compute the standard deviation of job satisfaction scores for both probability distributions.
e. Compare the overall job satisfaction of senior executives and middle managers.

22. The demand for a product of Carolina Industries varies greatly from month to month. The
probability distribution in the following table, based on the past two years of data, shows
the company’s monthly demand.

Unit Demand Probability

300 .20
400 .30
500 .35
600 .15
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工作滿意度
分數

資訊系統　
資深主管　

資訊系統
中階經理

機率

0
0
0
0
0

0
0
0
0
0

a. 資深主管工作滿意度分數的期望值為何？

b. 中階經理工作滿意度分數的期望值為何？

c. 計算資深主管和中階經理工作滿意度分數的變異數。

d. 計算兩類員工工作滿意度分數機率分配的標準差。

e. 比較資深主管及中階經理整體工作滿意程度的差異。

22. 某產品的市場需求量每月皆不相同，其需求狀況如下所示。該表是根據過去兩

年來每月的市場需求狀況加以彙總而得。
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19. The actual shooting records of four basketball teams showed the probability of making a
2-point basket was .50 and the probability of making a 3-point basket was .39.
a. What is the expected value of a 2-point shot for these teams?
b. What is the expected value of a 3-point shot for these teams?
c. If the probability of making a 2-point basket is greater than the probability of making

a 3-point basket, why do coaches allow some players to shoot the 3-point shot if they
have the opportunity? Use expected value to explain your answer.

20. The probability distribution for damage claims paid by the Newton Automobile Insurance
Company on collision insurance follows.

a. Use the expected collision payment to determine the collision insurance premium that
would enable the company to break even.

b. The insurance company charges an annual rate of $260 for the collision coverage.
What is the expected value of the collision policy for a policyholder? (Hint: It is the
expected payments from the company minus the cost of coverage.) Why does the pol-
icyholder purchase a collision policy with this expected value?

21. The following probability distributions of job satisfaction scores for a sample of informa-
tion systems (IS) senior executives and IS middle managers range from a low of 1 (very
dissatisfied) to a high of 5 (very satisfied) (Computerworld,May 26, 1997).

Payment ($) Probability

0 .90
400 .04

1000 .03
2000 .01
4000 .01
6000 .01

Probability

Job Satisfaction IS Senior IS Middle
Score Executives Managers

1 .05 .04
2 .09 .10
3 .03 .12
4 .42 .46
5 .41 .28

a. What is the expected value of the job satisfaction score for senior executives?
b. What is the expected value of the job satisfaction score for middle managers?
c. Compute the variance of job satisfaction scores for executives and middle managers.
d. Compute the standard deviation of job satisfaction scores for both probability distributions.
e. Compare the overall job satisfaction of senior executives and middle managers.

22. The demand for a product of Carolina Industries varies greatly from month to month. The
probability distribution in the following table, based on the past two years of data, shows
the company’s monthly demand.

Unit Demand Probability

300 .20
400 .30
500 .35
600 .15
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需求量 機率

0
0
0
0

a. 若該公司以每月的期望需求量決定生產量，則應生產多少？

b. 假設每單位產品的售價為 $70，成本為 $50。則若公司生產量如 (a) 所示，但

實際需求量為 300 單位時，該公司賺或賠多少錢？

23. 2002 年紐約市住房及空屋調查顯示，共有 59,234 個出租單位受到房租管制，在

房租平穩化規範中的出租單位則有 236,263。這些出租單位內的房客數目的機率

分配情形如下 (www.census.gov, January 12, 2004)。
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a. If the company bases monthly orders on the expected value of the monthly demand,
what should Carolina’s monthly order quantity be for this product?

b. Assume that each unit demanded generates $70 in revenue and that each unit ordered
costs $50. How much will the company gain or lose in a month if it places an order
based on your answer to part (a) and the actual demand for the item is 300 units?

23. The 2002 New York City Housing and Vacancy Survey showed a total of 59,324 rent-
controlled housing units and 236,263 rent-stabilized units built in 1947 or later. For these
rental units, the probability distributions for the number of persons living in the unit are
given (www.census.gov, January 12, 2004).

a. What is the expected value of the number of persons living in each type of unit?
b. What is the variance of the number of persons living in each type of unit?
c. Make some comparisons between the number of persons living in rent-controlled units

and the number of persons living in rent-stabilized units.

24. The J. R. Ryland Computer Company is considering a plant expansion to enable the com-
pany to begin production of a new computer product. The company’s president must deter-
mine whether to make the expansion a medium- or large-scale project. Demand for the new
product is uncertain, which for planning purposes may be low demand, medium demand, or
high demand. The probability estimates for demand are .20, .50, and .30, respectively. Let-
ting x and y indicate the annual profit in thousands of dollars, the firm’s planners developed
the following profit forecasts for the medium- and large-scale expansion projects.

a. Compute the expected value for the profit associated with the two expansion alterna-
tives. Which decision is preferred for the objective of maximizing the expected profit?

b. Compute the variance for the profit associated with the two expansion alternatives.
Which decision is preferred for the objective of minimizing the risk or uncertainty?

5.4 Binomial Probability Distribution
The binomial probability distribution is a discrete probability distribution that provides
many applications. It is associated with a multiple-step experiment that we call the bino-
mial experiment.

Number of
Persons Rent-Controlled Rent-Stabilized

1 .61 .41
2 .27 .30
3 .07 .14
4 .04 .11
5 .01 .03
6 .00 .01

Medium-Scale Large-Scale
Expansion Profit Expansion Profit

x f(x) y f ( y)

Low 50 .20 0 .20
Demand Medium 150 .50 100 .50

High 200 .30 300 .30
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房租管制房客人數 房租平穩化

0
0
0
0
0
0

0
0
0
0
0
0

a. 不同形式出租單位的房客數目的期望值是多少?

b. 不同形式出租單位的房客數目的變異數是多少?

c. 請對住在不同形式出租單位的房客人數進行比較。

24. J. R. Ryland 電腦公司正考慮一擴廠計畫。該公司負責人必須決定該建中型或大

型廠房。由於新產品的需求量並不確定，因此估計其需求量為低、中、高的機率

分別為 0.20, 0.50 和 0.30。令 x 與 y 分別表示中型及大型規模擴廠之每年利潤 (單

位：$1000)，該公司的規劃分析人員估計不同生產規模下的利潤如下所示。
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a. If the company bases monthly orders on the expected value of the monthly demand,
what should Carolina’s monthly order quantity be for this product?

b. Assume that each unit demanded generates $70 in revenue and that each unit ordered
costs $50. How much will the company gain or lose in a month if it places an order
based on your answer to part (a) and the actual demand for the item is 300 units?

23. According to a survey, 95% of subscribers to The Wall Street Journal Interactive Edition
have a computer at home. For those households, the probability distributions for the num-
ber of laptop and desktop computers are given (The Wall Street Journal Interactive Edi-
tion Subscriber Study, 1999).

a. What is the expected value of the number of computers per household for each type
of computer?

b. What is the variance of the number of computers per household for each type of
computer?

c. Make some comparisons between the number of laptops and the number of desktops
owned by the Journal’s subscribers.

24. The J. R. Ryland Computer Company is considering a plant expansion that will enable the
company to begin production of a new computer product. The company’s president must de-
termine whether to make the expansion a medium- or large-scale project. An uncertainty is the
demand for the new product, which for planning purposes may be low demand, medium de-
mand, or high demand. The probability estimates for demand are .20, .50, and .30, respec-
tively. Letting x and y indicate the annual profit in thousands of dollars, the firm’s planners
developed the following profit forecasts for the medium- and large-scale expansion projects.

a. Compute the expected value for the profit associated with the two expansion alterna-
tives. Which decision is preferred for the objective of maximizing the expected profit?

b. Compute the variance for the profit associated with the two expansion alternatives.
Which decision is preferred for the objective of minimizing the risk or uncertainty?

5.4 Binomial Probability Distribution
The binomial probability distribution is a discrete probability distribution that provides
many applications. It is associated with a multiple-step experiment that we call the bino-
mial experiment.

Probability

Number of Computers Laptop Desktop

0 .47 .06
1 .45 .56
2 .06 .28
3 .02 .10

Medium-Scale Large-Scale
Expansion Profit Expansion Profit

x f (x) y f ( y)

Low 50 .20 0 .20
Demand Medium 150 .50 100 .50

High 200 .30 300 .30
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需求量
低
中
高

中型規模
擴廠之利潤

大型規模
擴廠之利潤

0
0
0

0
0
0

a. 請計算兩種不同擴廠規模下的期望利潤。在期望利潤最大化的考量下，何種

擴廠規模較佳？

b. 請計算兩種不同擴廠規模下的變異數。在風險或不確定情況最小的目標下，

何種擴廠規模較佳？

5.4　二項機率分配

二項機率分配為應用相當廣泛的離散機率分配。與此分配有關的多重步驟實
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