
Lesson 4: Business Statistics  
 

Problems 
 

4.1 A supplier shipped a lot of six parts to a company. The lot contained three defective 
parts. Suppose the customer decided to randomly select two parts and test them for 
defects. How large a sample space is the customer potentially working with? List the sample 
space. Using the sample space list, determine the probability that the customer will select a 
sample with exactly one defect. 
 
Solution: 
The sample space for the customer's selection of two parts from the lot of six is the set of all 
possible combinations of two parts that can be selected from the six. The sample space can 
be represented as: 
{(1, 2), (1, 3), (1, 4), (1, 5), (1, 6), (2, 3), (2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6), (4, 5), (4, 6), (5, 
6)} 
 
To determine the probability that the customer will select a sample with exactly one defect, 
we need to determine the number of outcomes in the sample space that result in exactly 
one defect, and divide that by the total number of outcomes in the sample space. 
 
There are 3 defective parts in the lot, so there are 3 ways to choose one defective part and 3 
ways to choose the non-defective part. So, the probability that the customer will select a 
sample with exactly one defect is (3*3) / (15) = 9/15 
 

4.2 Given A = {1, 3, 5, 7, 8, 9}, B = {2, 4, 7, 9}, and C = {1, 2, 3, 4, 7}, solve the 
following. 
 

1. A ∪ C = _________ 

2. A ∩ B = _________ 

3. A ∩ C = _________ 

4. A ∪ B ∪ C = _________ 

5. A ∩ B ∩ C = _________ 

6. (A ∪ B) ∩ C = _________ 

7. (B ∩ C) ∪ (A ∩ B) = _________ 

8. A or B = _________ 

9. B and A = _________ 
 
Solution: 
A ∪ C = {1, 2, 3, 4, 5, 7, 8, 9} 
A ∩ B = {7, 9} 
A ∩ C = {1, 3, 7} 
A ∪ B ∪ C = {1, 2, 3, 4, 5, 7, 8, 9} 



A ∩ B ∩ C = {7} 
(A ∪ B) ∩ C = {1, 2, 3, 4, 7} 
(B ∩ C) ∪ (A ∩ B) = {2, 4, 7, 9} 
A or B = set of all elements that are in A or in B or in both, so it is {1, 2, 3, 4, 5, 7, 8, 9} 
B and A = set of all elements that are in A and in B, so it is {7, 9} 
 
Note: "or" and "and" in this context refers to set union and intersection respectively, not 
logical or and and. 
 

4.3 If a population consists of the positive even numbers through 30 and if A = {2, 6, 
12, 24}, what is A′? 
 
Solution: 
A′ (the complement of A) is the set of all elements that are in the population but not in A. In 
this case, the population consists of the positive even numbers through 30, so the set of all 
elements in the population is {2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30}. The 
elements that are in the population but not in A are {4, 8, 10, 14, 16, 18, 20, 22, 26, 28, 30}, 
so A′ = {4, 8, 10, 14, 16, 18, 20, 22, 26, 28, 30} 
 

4.4 A company's customer service 800 telephone system is set up so that the caller 
has six options. Each of these six options leads to a menu with four options. For each 
of these four options, three more options are available. For each of these three 
options, another three options are presented. If a person calls the 800 number for 
assistance, how many total options are possible? 
 
Solution: 
The customer service 800 telephone system is set up with a tree-like structure where each 
option leads to a new set of options. At each level, the number of options available is 
multiplied by the number of options available at the next level. 
 
Starting with the first level, the caller has 6 options. 
The second level has 4 options for each of the 6 options from the first level, for a total of 64 
= 24 options. 
The third level has 3 options for each of the 24 options from the second level, for a total of 
243 = 72 options. 
The fourth level has 3 options for each of the 72 options from the third level, for a total of 
72*3 = 216 options. 
 
So, the total number of options available to the caller is 216. 
 

4.5 A bin contains six parts. Two of the parts are defective and four are acceptable. If 
three of the six parts are selected from the bin, how large is the sample space? 
Which counting rule did you use, and why? For this sample space, what is the 
probability that exactly one of the three sampled parts is defective? 
 
Solution: 



The sample space for the selection of three parts from the bin of six is the set of all 
possible combinations of three parts that can be selected from the six. The sample 
space can be represented as: 
{(1, 2, 3), (1, 2, 4), (1, 2, 5), (1, 2, 6), (1, 3, 4), (1, 3, 5), (1, 3, 6), (1, 4, 5), (1, 4, 6), (1, 5, 
6), (2, 3, 4), (2, 3, 5), (2, 3, 6), (2, 4, 5), (2, 4, 6), (2, 5, 6), (3, 4, 5), (3, 4, 6), (3, 5, 6), (4, 
5, 6)}. 
 
To find the probability that exactly one of the three sampled parts is defective, we 
can use the combination rule which states that the number of ways to choose k items 
from a set of n items without regard to order is given by the formula C(n,k) = n!/(k!(n-
k)!). In this case, we need to find the number of ways to choose one defective part 
and two acceptable parts from a set of 2 defective and 4 acceptable parts. 
 
We have 2 defective parts and 4 acceptable parts, so we can choose 1 defective part 
in 2 ways and 2 acceptable parts in C(4,2) = 6 ways. 
So, the probability that exactly one of the three sampled parts is defective is 
(26)/C(6,3) = (26)/20 = 3/5. 
 
Note: The sample space has 20 different possible combination of 3 parts from 6 parts, 
The combination rule is used to find the number of ways we can select the sample of 
3 parts from 6 parts. 
 
4.6 A company places a seven-digit serial number on each part that is made. Each 
digit of the serial number can be any number from 0 through 9. Digits can be 
repeated in the serial number. How many different serial numbers are possible? 
 
Solution: 
The company places a seven-digit serial number on each part, and each digit of the 
serial number can be any number from 0 through 9. Since digits can be repeated, we 
can use the concept of permutation with repetition. 
 
For each of the 7 digits of the serial number, there are 10 possible choices (from 0 
through 9). Since the digits can be repeated, the number of different serial numbers 
possible is given by 10^7 which is 10 million or 10,000,000. 
 
4.7 A small company has 20 employees. Six of these employees will be selected 
randomly to be interviewed as part of an employee satisfaction program. How many 
different groups of six can be selected? 
 
Solution: 
To find the number of different groups of six employees that can be selected from a group of 
20, we can use the combination formula. 
The combination formula states that the number of ways to choose k items from a set of n 
items without regard to order is given by the formula C(n,k) = n!/(k!(n-k)!). 



In this case, we need to find the number of ways to choose 6 employees from a group of 20. 
So, the number of different groups of six employees that can be selected is C(20,6) = 15,504. 
 
Note: The combination formula is used to find the number of ways we can select a group of 
6 people from 20 people without regard to the order. 
 
 

4.8 Given P(A) = .10, P(B) = .12, P(C) = .21, P(A ∩ C) = .05, and P(B ∩ C) = .03, solve 
the following. 
 

1. P(A ∪ C) = _________ 

2. P(B ∪ C) = _________ 

3. If A and B are mutually exclusive, P(A ∪ B) = _________ 
 
Solution: 

1. P(A ∪ C) = P(A) + P(C) - P(A ∩ C) = .10 + .21 - .05 = .26 
 

2. P(B ∪ C) = P(B) + P(C) - P(B ∩ C) = .12 + .21 - .03 = .30 
 

3. If A and B are mutually exclusive, it means that they have no elements in 
common, so the probability of any element being in both sets is 0. Therefore, 
P(A ∩ B) = 0. Since A and B are mutually exclusive, P(A ∪ B) = P(A) + P(B) = .10 
+ .12 = .22 

 
Note: P(A ∪ B) is the probability of events A or B happening or both. If A and B are 
mutually exclusive, the probability of both happening at the same time is 0, so P(A ∪ 
B) = P(A) + P(B) 

 
4.9 Use the values in the cross-tabulation table to solve the equations given. 
  

D E F 

A  5  8 12 

B 10  6  4 

C  8  2  5 

 

1. P(A ∪ D) = _________ 

2. P(E ∪ B) = _________ 

3. P(D ∪ E) = _________ 

4. P(C ∪ F) = _________ 
 
Solution: 
Here is the solution for the equations: 



 
1. P(A ∪ D) = P(A) + P(D) - P(A ∩ D) = P(A) + P(D) = (5 + 8 + 12)/ 

(5+8+12+10+6+4+8+2+5) = 25/45 
 

2. P(E ∪ B) = P(E) + P(B) - P(E ∩ B) = P(E) + P(B) = (8 + 6 + 2)/ 
(5+8+12+10+6+4+8+2+5) + (10 + 6 + 4)/ (5+8+12+10+6+4+8+2+5) = 20/45 

 
3. P(D ∪ E) = P(D) + P(E) - P(D ∩ E) = P(D) + P(E) = (5 + 10 + 8)/ 

(5+8+12+10+6+4+8+2+5) + (8 + 6 + 2)/ (5+8+12+10+6+4+8+2+5) = 39/45 
 

4. P(C ∪ F) = P(C) + P(F) - P(C ∩ F) = P(C) + P(F) = (8 + 2 + 5)/ 
(5+8+12+10+6+4+8+2+5) + (12 + 4 + 5)/ (5+8+12+10+6+4+8+2+5) = 25/45 

 
Note: The above solution used the formula P(A ∪ B) = P(A) + P(B) - P(A ∩ B) where A 
and B are mutually exclusive events. 

 
4.10 Use the values in the joint probability table to solve the equations given. 
  

E F 

A .10 .03 

B .04 .12 

C .27 .06 

D .31 .07 

 
 

1. P(A ∪ F) = _________ 

2. P(E ∪ B) = _________ 

3. P(B ∪ C) = _________ 

4. P(E ∪ F) = _________ 
 
Solution: 
Here is the solution for the equations: 
 

1. P(A ∪ F) = P(A) + P(F) - P(A ∩ F) = .10 + .03 - (0) = 0.13 
 

2. P(E ∪ B) = P(E) + P(B) - P(E ∩ B) = .10 + .04 - (0) = 0.14 
 

3. P(B ∪ C) = P(B) + P(C) - P(B ∩ C) = .04 + .27 - (0) = 0.31 
 

4. P(E ∪ F) = P(E) + P(F) - P(E ∩ F) = .10 + .07 - (0) = 0.17 
 



Note: Since the table is a joint probability table, P(A ∩ F) = 0 , P(E ∩ B) = 0 , P(B ∩ C) = 
0 and P(E ∩ F) = 0, so P(A ∪ F) = P(A) + P(F) , P(E ∪ B) = P(E) + P(B) , P(B ∪ C) = P(B) + 
P(C) and P(E ∪ F) = P(E) + P(F) 
 
4.11 According to a survey conducted by Netpop Research, 65% of new car buyers 
use online search engines as part of their car-buying experience. Another study 
reported that 11% of new car buyers skip the test drive. Suppose 7% of new car 
buyers use online search engines as part of their car-buying experience and skip the 
test drive. If a new car buyer is randomly selected, what is the probability that: 
 

1. the buyer used an online search engine as part of the car-buying experience or 

skipped the test drive? 

2. the buyer did not use an online search engine as part of the car-buying 

experience or did skip the test drive? 

3. the buyer used an online search engine as part of the car-buying experience or 

did not skip the test drive? 
 
Solution: 

1. To find the probability that the buyer used an online search engine as part of 

the car-buying experience or skipped the test drive, we can use the formula 

for the union of two events: P(A ∪ B) = P(A) + P(B) - P(A ∩ B) 

 

In this case, let A be the event that the buyer used an online search engine as 

part of the car-buying experience and let B be the event that the buyer 

skipped the test drive. 

 

The probability that the buyer used an online search engine as part of the car-

buying experience is given as 65%, and the probability that the buyer skipped 

the test drive is given as 11%. Also, the probability that the buyer used an 

online search engine as part of the car-buying experience and skipped the test 

drive is 7%. 

 

Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 65% + 11% - 7% = 69% 

 
2. To find the probability that the buyer did not use an online search engine as 

part of the car-buying experience or did skip the test drive, we can use the 

formula for the complement of an event: P(A') = 1 - P(A)  

 

In this case, the event A is the event that the buyer used an online search 

engine as part of the car-buying experience or skipped the test drive. 



Therefore, the complement of A is the event that the buyer did not use an 

online search engine as part of the car-buying experience and did not skip the 

test drive.  

 

The probability that the buyer used an online search engine as part of the car-

buying experience or skipped the test drive is given as 69%. Therefore, the 

probability that the buyer did not use an online search engine as part of the 

car-buying experience or did skip the test drive is P(A') = 1 - P(A) = 1 - 0.69 = 

0.31 or 31% 

3. To find the probability that the buyer used an online search engine as part of 

the car-buying experience or did not skip the test drive, we can use the 

formula for the union of two events: P(A ∪ B) = P(A) + P(B) - P(A ∩ B)  

In this case, let A be the event that the buyer used an online search engine as 

part of the car-buying experience and let B be the event that the buyer did not 

skip the test drive. The probability that the buyer used an online search 

engine as part of the car-buying experience is given as 65%, and the 

probability that the buyer did not skip the test drive is given as 89%.  

 

Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 65% + 89% - 7% = 147% 

 

It is not possible to have a probability greater than 1, so the calculated value 

147% is not a valid probability. This is because the formula P(A ∪ B) = P(A) + 

P(B) - P(A ∩ B) assumes that A and B are mutually exclusive events, but in this 

case, we know that 7% of new car buyers use online search engines as part of 

their car-buying experience and skip the test drive. So, it is not mutually 

exclusive events. In this case, the proper way to calculate the probability 

would be P(A) + P(B) - P(A ∩ B) where P(A ∩ B) = 7% 

 
4.12 According to the U.S. Bureau of Labor Statistics, 75% of the women 25 through 
49 years of age participate in the labor force. Suppose 78% of the women in that age 
group are married. Suppose also that 61% of women 25 through 49 years of age are 
married and are participating in the labor force. 
 

1. What is the probability that a randomly selected woman in that age group is 

married or is participating in the labor force? 

2. What is the probability that a randomly selected woman in that age group is 

married or is participating in the labor force but not both? 

3. What is the probability that a randomly selected woman in that age group is 

neither married nor participating in the labor force? 
Solution: 



1. To find the probability that a randomly selected woman in that age group is 
married or participating in the labor force, we can use the formula for the 
union of two events: P(A ∪ B) = P(A) + P(B) - P(A ∩ B) 
 
In this case, let A be the event that the woman is married and let B be the 
event that the woman is participating in the labor force. 
 
The probability that the woman is married is given as 78% and the probability 
that the woman is participating in the labor force is given as 75%. 
 
Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 78% + 75% = 153% 
 
It is not possible to have a probability greater than 1, so the calculated value 
153% is not a valid probability. 
 
This is because the formula P(A ∪ B) = P(A) + P(B) - P(A ∩ B) assumes that A 
and B are mutually exclusive events, but in this case, we know that 61% of 
women 25 through 49 years of age are married and are participating in the 
labor force. So, it is not mutually exclusive events. 
 
In this case, the proper way to calculate the probability would be P(A) + P(B) - 
P(A ∩ B) where P(A ∩ B) = 61% 

2. To find the probability that a randomly selected woman in that age group is 

married or is participating in the labor force but not both, we can use the 

formula for the mutually exclusive events: P(A ∪ B) = P(A) + P(B) - 2P(A ∩ B)  

 

In this case, let A be the event that the woman is married and let B be the 

event that the woman is participating in the labor force.  

 

The probability that the woman is married is given as 78% and the probability 

that the woman is participating in the labor force is given as 75%. Also, the 

probability that the woman is married and participating in the labor force is 

given as 61%.  

 

Therefore, P(A ∪ B) = P(A) + P(B) - 2P(A ∩ B) = 78% + 75% - 2*61% = 92%  

 

This probability represents the chance that a randomly selected woman in that 

age group is either married or participating in the labor force, but not both. 

3. To find the probability that a randomly selected woman in that age group is 
neither married nor participating in the labor force, we can use the 
complement rule.  
 



Let A be the event that the woman is married and let B be the event that the 
woman is participating in the labor force.  
 
We know that the probability that the woman is married is given as 78% and 
the probability that the woman is participating in the labor force is given as 
75%. 
 
P(A') = 1- P(A) = 1-78% = 22%  
P(B') = 1- P(B) = 1-75% = 25% 
The probability that a randomly selected woman in that age group is neither 
married nor participating in the labor force is the probability of the 
intersection of the complement events of A and B.  
 
P(A' ∩ B') = P(A') * P(B') = 22% * 25% = 5.5%  
 
This probability represents the chance that a randomly selected woman in that 
age group is neither married nor participating in the labor force. 
 

4.13 According to Nielsen Media Research, approximately 86% of all U.S. households 
have High-definition television (HDTV). In addition, 49% of all U.S. households own 
Digital Video Recorders (DVR). Suppose 40% of all U.S. households have HDTV and 
have DVR. A U.S. household is randomly selected. 
 

1. What is the probability that the household has HDTV or has DVR? 

2. What is the probability that the household does not have HDTV or does have 

DVR? 

3. What is the probability that the household does have HDTV or does not have 

DVR? 

4. What is the probability that the household does not have HDTV or does not 

have DVR? 
Solution: 
 

1. To find the probability that the household has HDTV or has DVR, we can use 

the formula for the union of two events: P(A ∪ B) = P(A) + P(B) - P(A ∩ B) 

 

In this case, let A be the event that the household has HDTV and let B be the 

event that the household has DVR. 

 

The probability that the household has HDTV is given as 86% and the 

probability that the household has DVR is given as 49%. Also, the probability 

that the household has HDTV and has DVR is given as 40%. 



 

Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 86% + 49% - 40% = 95% 

2. To find the probability that the household does not have HDTV or does have 

DVR, we can use the formula for the complement of an event: P(A') = 1 - P(A) 

 

In this case, the event A is the event that the household has HDTV or has DVR. 

Therefore, the complement of A is the event that the household does not 

have HDTV and does not have DVR. 

 

The probability that the household has HDTV or has DVR is given as 95%. 

Therefore, the probability that the household does not have HDTV or does 

have DVR is P(A') = 1 - P(A) = 1 - 0.95 = 0.05 or 5% 

3. To find the probability that the household does have HDTV or does not have 

DVR, we can use the formula for the union of two events: P(A ∪ B) = P(A) + 

P(B) - P(A ∩ B)  

 

In this case, let A be the event that the household has HDTV and let B be the 

event that the household does not have DVR.  

 

The probability that the household has HDTV is given as 86% and the 

probability that the household does not have DVR is given as 51% (100% - 

49%). Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 86% + 51% - P(A ∩ B) = 

137% 

 

It is not possible to have a probability greater than 1, so the calculated value 

137% is not a valid probability.  

 

This is because the formula P(A ∪ B) = P(A) + P(B) - P(A ∩ B) assumes that A 

and B are mutually exclusive events, but in this case, we know that 40% of all 

U.S. households have HDTV and have DVR. So, it is not mutually exclusive 

events.  

 

In this case, the proper way to calculate the probability would be P(A) + P(B) - 

P(A ∩ B) where P(A ∩ B) = 40% 

4. To find the probability that the household does not have HDTV or does not 

have DVR, we can use the formula for the union of two events: P(A' ∪ B') = 

P(A') + P(B') - P(A' ∩ B') In this case, let A be the event that the household has 

HDTV and let B be the event that the household has DVR.  

 



The complement of A is A' , the event that the household does not have HDTV 

and complement of B is B', the event that the household does not have DVR. 

The probability that the household does not have HDTV is given as 14% (100% 

- 86%) and the probability that the household does not have DVR is given as 

51% (100% - 49%). Therefore, P(A' ∪ B') = P(A') + P(B') - P(A' ∩ B') = 14% + 51% 

- P(A' ∩ B') = 65% 

 

It is important to note that P(A' ∩ B') represents the probability that the 

household does not have HDTV and does not have DVR, which is different 

from the probability that the household does not have HDTV or does not have 

DVR. 

 
4.14 A survey conducted by the Northwestern University Lindquist-Endicott Report 
asked 320 companies about the procedures they use in hiring. Only 54% of the 
responding companies review the applicant's college transcript as part of the hiring 
process, and only 44% consider faculty references. Assume that these percentages 
are true for the population of companies in the United States and that 35% of all 
companies use both the applicant's college transcript and faculty references. 
 

1. What is the probability that a randomly selected company uses either faculty 

references or college transcript as part of the hiring process? 

2. What is the probability that a randomly selected company uses neither faculty 

references nor college transcript as part of the hiring process? 

3. What is the probability that a randomly selected company uses either faculty 

references or college transcript but not both as part of the hiring process? 

4. What is the probability that a randomly selected company does not use 

faculty references as part of the hiring process or does use college transcript 

as part of the hiring process? 
Solution: 

1. To find the probability that a randomly selected company uses either faculty 
references or college transcript as part of the hiring process, we can use the 
formula for the union of two events: P(A ∪ B) = P(A) + P(B) - P(A ∩ B) 
 
In this case, let A be the event that the company uses the applicant's college 
transcript as part of the hiring process and let B be the event that the 
company considers faculty references as part of the hiring process. 
 
The probability that the company uses the applicant's college transcript as 
part of the hiring process is given as 54% and the probability that the company 
considers faculty references as part of the hiring process is given as 44%. 



 
Also, the probability that the company uses both of these methods as part of 
the hiring process is given as 35%. 
 
Therefore, P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 54% + 44% - 35% = 63% 
 
This probability represents the chance that a randomly selected company uses 
either faculty references or college transcript as part of the hiring process. 

2. To find the probability that a randomly selected company uses neither faculty 
references nor college transcript as part of the hiring process, we can use the 
complement rule. Let A be the event that the company uses the applicant's 
college transcript as part of the hiring process and let B be the event that the 
company considers faculty references as part of the hiring process. We know 
that the probability that the company uses the applicant's college transcript as 
part of the hiring process is given as 54% and the probability that the company 
considers faculty references as part of the hiring process is given as 44%. 
 
P(A') = 1- P(A) = 1-54% = 46%  
P(B') = 1- P(B) = 1-44% = 56% 
 
The probability that a randomly selected company uses neither faculty 
references nor college transcript as part of the hiring process is the probability 
of the intersection of the complement events of A and B. P(A' ∩ B') = P(A') * 
P(B') = 46% * 56% = 25.76% 
 
This probability represents the chance that a randomly selected company uses 
neither faculty references nor college transcript as part of the hiring process. 

3. To find the probability that a randomly selected company uses either faculty 
references or college transcript but not both as part of the hiring process, we 
can use the complement rule.  
 
Let A be the event that the company uses the applicant's college transcript as 
part of the hiring process and let B be the event that the company considers 
faculty references as part of the hiring process.  
 
We know that the probability that the company uses the applicant's college 
transcript as part of the hiring process is given as 54%, the probability that the 
company considers faculty references as part of the hiring process is given as 
44%, and the probability that the company uses both of these methods as part 
of the hiring process is given as 35%. 
 
P(A ∩ B') = P(A) - P(A ∩ B) = 54% - 35% = 19%  
P(B ∩ A') = P(B) - P(A ∩ B) = 44% - 35% = 9% 



 
The probability that a randomly selected company uses either faculty 
references or college transcript but not both as part of the hiring process is the 
probability of the union of the intersection of the complement events of A and 
B. P(A ∩ B' ∪ B ∩ A' ) = P(A ∩ B') + P(B ∩ A') = 19% + 9% = 28% 
 
This probability represents the chance that a randomly selected company uses 
either faculty references or college transcript but not both as part of the hiring 
process. 

4. To find the probability that a randomly selected company does not use faculty 
references as part of the hiring process or does use college transcript as part 
of the hiring process, we can use the union rule. Let A be the event that the 
company uses the applicant's college transcript as part of the hiring process 
and let B be the event that the company considers faculty references as part of 
the hiring process. We know that the probability that the company uses the 
applicant's college transcript as part of the hiring process is given as 54% and 
the probability that the company considers faculty references as part of the 
hiring process is given as 44%. 
 
P(A' ∪ B) = P(A') + P(B) - P(A' ∩ B) = (1-54%) + 44% = 46% + 44% = 90% 
 
The probability that a randomly selected company does not use faculty 
references as part of the hiring process or does use college transcript as part 
of the hiring process is the probability of the union of the complement events 
of A and B. 
 
This probability represents the chance that a randomly selected company does 
not use faculty references as part of the hiring process or does use college 
transcript as part of the hiring process. 
 

4.15 Use the values in the cross-tabulation table to solve the equations given. 
  

C D E F 

A 5 11 16 8 

B 2  3  5 7 

 
 

1. P(A ∩ E) = ___________ 

2. P(D ∩ B) = ___________ 

3. P(D ∩ E) = ___________ 

4. P(A ∩ B) = ___________ 
Solution: 



1. P(A ∩ E) = 16, this is the cell value in the cross-tabulation table where row A 

and column E intersect. 

2. P(D ∩ B) = 3, this is the cell value in the cross-tabulation table where row B 

and column D intersect. 

3. P(D ∩ E) = 0, there is no cell value that intersects between row D and column 

E in the cross-tabulation table. 

4. P(A ∩ B) = 0, there is no cell value that intersects between row A and column 

B in the cross-tabulation table. 
4.16 Use the values in the joint probability table to solve the equations given. 
  

D E F 

A .12 .13 .08 

B .18 .09 .04 

C .06 .24 .06 

 
 

1. P(E ∩ B) = ___________ 

2. P(C ∩ F) = ___________ 

3. P(E ∩ D) = ___________ 
Solution: 

1. P(E ∩ B) = .09, this is the cell value in the joint probability table where row B 
and column E intersect. 

2. P(C ∩ F) = .06, this is the cell value in the joint probability table where row C 
and column F intersect. 

3. P(E ∩ D) = 0, there is no cell value that intersects between row D and column E 
in the joint probability table. 

 
4.17. a. A batch of 50 parts contains six defects. If two parts are drawn randomly one 
at a time without replacement, what is the probability that both parts are defective? 
 

1. If this experiment is repeated, with replacement, what is the probability that 

both parts are defective? 
Solution: 

1. The probability that both parts are defective, if two parts are drawn randomly 
one at a time without replacement, is the probability of drawing a defective 
part on the first draw, multiplied by the probability of drawing a defective part 
on the second draw, given that the first draw was defective. 
 
The probability of drawing a defective part on the first draw is 6/50, and the 



probability of drawing a defective part on the second draw, given that the first 
draw was defective, is 5/49. 
 
The probability that both parts are defective, in this case, would be (6/50) * 
(5/49) = 30/2450 

 
2. If this experiment is repeated, with replacement, the probability that both 

parts are defective would be the probability of drawing a defective part on the 
first draw, multiplied by the probability of drawing a defective part on the 
second draw. 
 
The probability of drawing a defective part on both draws, in this case, is 
(6/50) * (6/50) = 36/2500 

 
4.18 International Housewares Association (IHA) reported that 73% of all U.S. 
households have ceiling fans. In addition, 77% of all U.S. households have an outdoor 
grill. Suppose 60% of all U.S. households have both a ceiling fan and an outdoor grill. 
A U.S. household is randomly selected. 
 

1. What is the probability that the household has a ceiling fan or an outdoor 

grill? 

2. What is the probability that the household has neither a ceiling fan nor an 

outdoor grill? 

3. What is the probability that the household does not have a ceiling fan and 

does have an outdoor grill? 

4. What is the probability that the household does have a ceiling fan and does 

not have an outdoor grill? 
Solution: 

1. To find the probability that a randomly selected household has a ceiling fan or 
an outdoor grill, we use the formula P(A∪B) = P(A) + P(B) - P(A∩B), where A is 
the event of having a ceiling fan and B is the event of having an outdoor grill. 
 
We know that P(A) = 0.73, P(B) = 0.77, and P(A∩B) = 0.60. 
 
So, P(A∪B) = 0.73 + 0.77 - 0.60 = 0.90. 
 
Hence, the probability that the household has a ceiling fan or an outdoor grill 
is 0.90 

2. To find the probability that the household has neither a ceiling fan nor an 

outdoor grill, we use the formula P(A' ∩ B') = 1 - P(A ∪ B) where A is the event 

of having a ceiling fan and B is the event of having an outdoor grill.  

 



We know that P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = 0.73 + 0.77 - 0.60 = 0.90. So, 

P(A' ∩ B') = 1 - 0.90 = 0.10  

 

Hence, the probability that the household has neither a ceiling fan nor an 

outdoor grill is 0.10 

3. To find the probability that a household does not have a ceiling fan and does 
have an outdoor grill, we can use the formula: P(A' ∩ B) = P(A ∩ B) - P(A' ∪ B). 
 
We know that P(A) = 0.73 (the probability of having a ceiling fan), P(B) = 0.77 
(the probability of having an outdoor grill), and P(A ∩ B) = 0.60 (the probability 
of having both a ceiling fan and an outdoor grill). 
 
So, P(A' ∩ B) = P(A ∩ B) - P(A' ∪ B) = 0.60 - (1 - 0.73) = 0.17 
 
Therefore, the probability that a randomly selected U.S. household does not 
have a ceiling fan and does have an outdoor grill is 0.17. 

4. We can find the probability that a household has a ceiling fan and does not 
have an outdoor grill by subtracting the probability of having both a ceiling fan 
and an outdoor grill (60%) from the probability of having a ceiling fan (73%). 
 
P(Ceiling Fan ∩ ¬Outdoor Grill) = P(Ceiling Fan) - P(Ceiling Fan ∩ Outdoor Grill) 
= 73% - 60% = 13% 
 

4.19. A study by Peter D. Hart Research Associates for the Nasdaq Stock Market 
revealed that 43% of all American adults are stockholders. In addition, the study 
determined that 75% of all American adult stockholders have some college 
education. Suppose 37% of all American adults have some college education. An 
American adult is randomly selected. 
 

1. What is the probability that the adult owns stock and has some college 

education? 

2. What is the probability that the adult owns no stock and has some college 

education? 

3. What is the probability that the adult owns stock and has no college 

education? 

4. What is the probability that the adult neither owns stock nor has some college 

education? 
Solution: 

1. The probability that the adult owns stock and has some college education is 
0.43 * 0.75 = 0.3225 (or 32.25%) 

2. The probability that the adult owns no stock and has some college education is 
0.37*(1-0.43) = 0.2091 



3. The probability that the adult owns stock and has no college education is 
0.43*(1-0.75) = 0.10125 

4. The probability that the adult neither owns stock nor has some college 
education is (1-0.43)(1-0.37) = 0.370.63 = 0.2331 

 
4.20. According to a report released by the National Center for Health Statistics, 41% 
of U.S. households has only cell phones (no land line). According to the FCC, nearly 
70% of the U.S. households have high-speed Internet. Suppose of the U.S. 
households having only cell phones, 80% have high-speed Internet. A U.S household 
is randomly selected. 
 

1. What is the probability that the household has only cell phones and has high-

speed Internet? 

2. What is the probability that the household has only cell phones or has high-

speed Internet? 

3. What is the probability that the household has only cell phones and does not 

have high-speed Internet? 

4. What is the probability that the household does not have only cell phones and 

does not have high-speed Internet? 

5. What is the probability that the household does not have only cell phones and 

has high-speed Internet? 
Solution: 

1. The probability that the household has only cell phones and has high-speed 
Internet is 0.41 * 0.8 = 0.328 

2. The probability that the household has only cell phones or has high-speed 
Internet is 0.41 + 0.7 - (0.41 * 0.8) = 0.698 

3. The probability that the household has only cell phones and does not have 
high-speed Internet is 0.41 * (1 - 0.8) = 0.082 

4. The probability that the household does not have only cell phones and does 
not have high-speed Internet is (1 - 0.41) * (1 - 0.7) = 0.273 

5. The probability that the household does not have only cell phones and has 
high-speed Internet is (1 - 0.41) * 0.7 = 0.399 

 
4.21. A study by Becker Associates, a San Diego travel consultant, found that 30% of 
the traveling public said that their flight selections are influenced by perceptions of 
airline safety. Thirty-nine percent of the traveling public wants to know the age of 
the aircraft. Suppose 87% of the traveling public who say that their flight selections 
are influenced by perceptions of airline safety wants to know the age of the aircraft. 
 

1. What is the probability of randomly selecting a member of the traveling public 

and finding out that she says that flight selection is influenced by perceptions 

of airline safety and she does not want to know the age of the aircraft? 



2. What is the probability of randomly selecting a member of the traveling public 

and finding out that she says that flight selection is neither influenced by 

perceptions of airline safety nor does she want to know the age of the 

aircraft? 

3. What is the probability of randomly selecting a member of the traveling public 

and finding out that he says that flight selection is not influenced by 

perceptions of airline safety and he wants to know the age of the aircraft? 
Solution: 

1. The probability of randomly selecting a member of the traveling public and 
finding out that she says that flight selection is influenced by perceptions of 
airline safety and she does not want to know the age of the aircraft is 0%. This 
is because the statement "87% of the traveling public who say that their flight 
selections are influenced by perceptions of airline safety wants to know the 
age of the aircraft" implies that all members of the traveling public who say 
that their flight selections are influenced by perceptions of airline safety also 
want to know the age of the aircraft. 

2. To calculate this probability, we need to know the percentage of the traveling 
public that does not say that flight selection is influenced by perceptions of 
airline safety and does not want to know the age of the aircraft. Since this 
information is not provided, it is impossible to determine this probability. 

3. To calculate this probability, we need to know the percentage of the traveling 
public that does not say that flight selection is influenced by perceptions of 
airline safety but wants to know the age of the aircraft. Since this information 
is not provided, it is impossible to determine this probability. 

 
4.22. A nationwide CareerBuilder survey was conducted regarding the job hunting 
experience. From the survey, it was learned that 26% of workers have had a bad 
experience as a job applicant. Eighty-two percent of workers expect to hear back 
from a company when they apply for a job. Suppose that 90% of workers who have 
had a bad experience as a job applicant expect to hear back from a company when 
they apply for a job. Based on these results, if a worker hunting for a job is randomly 
selected, 
 

1. What is the probability that the worker expects to hear back from a company 

when they apply for a job and has had a bad experience as a job applicant? 

2. What is the probability that the worker expects to hear back from a company 

when they apply for a job and has not had a bad experience as a job 

applicant? 

3. What is the probability that the worker does not expect to hear back from a 

company when they apply for a job and has had a bad experience as a job 

applicant? 



4. What is the probability that the worker does not expect to hear back from a 

company when they apply for a job and has not had a bad experience as a job 

applicant? 
Solution: 

1. The probability that a worker expects to hear back from a company when they 
apply for a job and has had a bad experience as a job applicant can be 
calculated using conditional probability. 

 
P(expects to hear back and has had bad experience) = P(expects to hear back | 
has had bad experience) * P(has had bad experience) 

 
Given the information provided, we know that: 

 

• P(expects to hear back | has had bad experience) = 90% 

• P(has had bad experience) = 26% 
So, the probability that a worker expects to hear back from a company when 
they apply for a job and has had a bad experience as a job applicant is: 

 

• P(expects to hear back and has had bad experience) = 90% * 26% = 
23.4% 

2. To find the probability that a worker expects to hear back from a company 
when they apply for a job and has not had a bad experience as a job applicant, 
we can use the complement of the probability we found in the previous 
question. Since the total probability of all possible events must equal 1, we can 
find the probability of the opposite event and subtract it from 1. 
 
P(expects to hear back and has not had bad experience) = 1 - P(expects to hear 
back and has had bad experience) 
 
We know that P(expects to hear back and has had bad experience) = 23.4% 
from the previous question. So, 
 

• P(expects to hear back and has not had bad experience) = 1 - 23.4% = 
76.6% 

3. To find the probability that a worker does not expect to hear back from a 
company when they apply for a job and has had a bad experience as a job 
applicant, we can use the conditional probability and the information given in 
the problem. 
 
P(does not expect to hear back | has had bad experience) = 1 - P(expects to 
hear back | has had bad experience) 
 
Given the information provided, we know that: 



• P(expects to hear back | has had bad experience) = 90% 

• P(has had bad experience) = 26% 
So, 

• P(does not expect to hear back | has had bad experience) = 1 - 90% = 
10% 

 
Therefore, the probability that the worker does not expect to hear back from a 
company when they apply for a job and has had a bad experience as a job 
applicant is P(does not expect to hear back | has had bad experience) * P(has 
had bad experience) = 10% * 26% = 2.6% 

4. To find the probability that a worker does not expect to hear back from a 
company when they apply for a job and has not had a bad experience as a job 
applicant, we can use the conditional probability and the information given in 
the problem. 
 
P(does not expect to hear back | has not had bad experience) = 1 - P(expects 
to hear back | has not had bad experience) 
 
Given the information provided, we know that: 

• P(expects to hear back) = 82% 

• P(has not had bad experience) = 1 - 26% = 74% 

• P(expects to hear back | has not had bad experience) = P(expects to 
hear back) * P(has not had bad experience) / P(has not had bad 
experience) = 82% 

 
So, 

• P(does not expect to hear back | has not had bad experience) = 1 - 
P(expects to hear back | has not had bad experience) = 1 - 82% = 18% 

 
Therefore, the probability that the worker does not expect to hear back from a 
company when they apply for a job and has not had a bad experience as a job 
applicant is P(does not expect to hear back | has not had bad experience) * 
P(has not had bad experience) = 18% * 74% = 13.32% 
 
 

4.23. Use the values in the cross-tabulation table to solve the equations given. 
  

E F G 

A 15 12  8 

B 11 17 19 

C 21 32 27 

D 18 13 12 



1. P(G|A) = ___________ 

2. P(B|F) = ___________ 

3. P(C|E) = ___________ 

4. P(E|G) = ___________ 
Solution: 

1. P(G|A) = 8/35 

To calculate P(G|A), we need to find the probability of event G occurring given 

that event A has occurred. We can use the formula: 

 

P(G|A) = P(A and G) / P(A) 

 

P(A) = 15 + 12 + 8 = 35 (total number of occurrences of event A) 

P(A and G) = 8 (number of occurrences of both event A and G) 

 

Therefore, P(G|A) = 8/35 

 

2. P(B|F) = 17/29 

To calculate P(B|F), we need to find the probability of event B occurring given 

that event F has occurred. We can use the formula: 

 

P(B|F) = P(B and F) / P(F) 

 

P(F) = 12 + 17 + 19 + 32 + 13 = 93 (total number of occurrences of event F) 

P(B and F) = 17 (number of occurrences of both event B and F) 

 

Therefore, P(B|F) = 17/93 

 

3. P(C|E) = 32/57 

To calculate P(C|E), we need to find the probability of event C occurring given 

that event E has occurred. We can use the formula: 

 

P(C|E) = P(C and E) / P(E) 

 

P(E) = 15 + 11 + 21 + 18 = 65 (total number of occurrences of event E) 

P(C and E) = 32 (number of occurrences of both event C and E) 

 

Therefore, P(C|E) = 32/65 

 

4. P(E|G) = 13/67 



To calculate P(E|G), we need to find the probability of event E occurring given 

that event G has occurred. We can use the formula: 

 

P(E|G) = P(E and G) / P(G) 

 

P(G) = 8 + 19 + 27 + 12 = 66 (total number of occurrences of event G) 

P(E and G) = 13 (number of occurrences of both event E and G) 

 

Therefore, P(E|G) = 13/66 (approx. 0.197 or 19.7%) 

 
4.24. Use the values in the joint probability table to solve the equations given. 
 

 C D 

A .36 .44 

B .11 .09 

1. P(C|A) = ___________ 

2. P(B|D) = ___________ 

3. P(A|B) = ___________ 
Solution: 

1. P(G|A) = P(A and G) / P(A) = 8 / (15+12+8) = 8/35 

2. P(B|F) = P(B and F) / P(F) = 17 / (17+13) = 17/30 

3. P(C|E) = P(C and E) / P(E) = 21 / (15+21+18) = 21/54 

4. P(E|G) = P(E and G) / P(G) = 21/(8+27+12) = 21/47 

Note that P(A) = 15 + 12 + 8 = 35, P(F) = 17 + 13 = 30, P(E) = 15 + 21 + 18 = 54 and 

P(G) = 8 + 27 + 12 = 47 
4.25. The results of a survey asking, “Do you have a calculator and/or a computer in 
your home?” follow. 
 

Computer 

Calculator 

 Yes No  

Yes 46 3 49 

No 11 15 26 

 57 18 75 

 
Is the variable “calculator” independent of the variable “computer”? Why or why 



not? 
 
Solution: 
The variable "calculator" is not independent of the variable "computer" because the 
probability of having a calculator depends on whether or not one has a computer. 
 
We can see this by calculating the conditional probability of having a calculator given 
that one has a computer, P(Calculator=Yes | Computer=Yes), and comparing it to the 
overall probability of having a calculator, P(Calculator=Yes). 
 
P(Calculator=Yes | Computer=Yes) = P(Calculator=Yes and Computer=Yes) / 
P(Computer=Yes) = 46 / 57 = 0.807 
 
P(Calculator=Yes) = (46 + 3) / 75 = 0.573 
 
If the variable "calculator" were independent of the variable "computer", then 
P(Calculator=Yes | Computer=Yes) would be equal to P(Calculator=Yes) = 0.573, 
which is not the case. 
 
Therefore, the variable "calculator" is not independent of the variable "computer". 
 
 
4.26 In a recent year, business failures in the United States numbered 83,384, 
according to Dun & Bradstreet. The construction industry accounted for 10,867 of 
these business failures. The South Atlantic states accounted for 8,010 of the business 
failures. Suppose that 1,258 of all business failures were construction businesses 
located in the South Atlantic states. A failed business is randomly selected from this 
list of business failures. 

1. What is the probability that the business is located in the South Atlantic 

states? 

2. What is the probability that the business is in the construction industry or 

located in the South Atlantic states? 

3. What is the probability that the business is in the construction industry if it is 

known that the business is located in the South Atlantic states? 

4. What is the probability that the business is located in the South Atlantic states 

if it is known that the business is a construction business? 

5. Given that the business is a construction business, what is the probability that 

the business is not located in the South Atlantic states? 
Solution: 

1. The probability that a failed business is located in the South Atlantic states can 
be calculated by finding the ratio of the number of failed businesses located in 
the South Atlantic states to the total number of failed businesses. 



 
P(South Atlantic) = number of failed businesses located in the South Atlantic 
states / total number of failed businesses 

 
Given the information provided, we know that: 

 

• The total number of failed businesses is 83,384 

• The number of failed businesses located in the South Atlantic states is 
8,010 

So, 
 

• P(South Atlantic) = 8,010 / 83,384 = 0.096 or 9.6% 
Therefore, the probability that the business is located in the South Atlantic 
states is 9.6%. 

2. The probability that a failed business is in the construction industry or located 
in the South Atlantic states can be calculated by using the sum of the 
probabilities of the individual events. 
 
P(Construction or South Atlantic) = P(Construction) + P(South Atlantic) - 
P(Construction and South Atlantic) 
 
Given the information provided, we know that: 

• P(South Atlantic) = 8,010 / 83,384 = 0.096 or 9.6% 

• P(Construction) = 10,867 / 83,384 = 0.13 or 13% 

• P(Construction and South Atlantic) = 1,258 / 83,384 = 0.015 or 1.5% 
 
So, 

• P(Construction or South Atlantic) = 0.13 + 0.096 - 0.015 = 0.215 or 
21.5% 

Therefore, the probability that the business is in the construction industry or 
located in the South Atlantic states is 21.5%. 

3. The probability that a failed business is in the construction industry, given that 
it is known that the business is located in the South Atlantic states can be 
calculated by using the conditional probability formula: 
 
P(Construction | South Atlantic) = P(Construction and South Atlantic) / P(South 
Atlantic) 
 
Given the information provided, we know that: 

• P(Construction and South Atlantic) = 1,258 / 83,384 = 0.015 or 1.5% 

• P(South Atlantic) = 8,010 / 83,384 = 0.096 or 9.6% 
 
So, 



•  
P(Construction | South Atlantic) = 0.015 / 0.096 = 0.156 or 15.6% 

Therefore, the probability that the business is in the construction industry if it 
is known that the business is located in the South Atlantic states is 15.6% 

4. The probability that a failed business is located in the South Atlantic states, 
given that it is known that the business is a construction business can be 
calculated by using the conditional probability formula: 
 
P(South Atlantic | Construction) = P(Construction and South Atlantic) / 
P(Construction) 
 
Given the information provided, we know that: 

• P(Construction and South Atlantic) = 1,258 / 83,384 = 0.015 or 1.5% 

• P(Construction) = 10,867 / 83,384 = 0.13 or 13% 
 
So, 

• P(South Atlantic | Construction) = 0.015 / 0.13 = 0.115 or 11.5% 
Therefore, the probability that the business is located in the South Atlantic 
states if it is known that the business is a construction business is 11.5%. 

5. The probability that a failed business is not located in the South Atlantic states, 
given that it is known that the business is not a construction business, can be 
calculated by using the conditional probability formula: 
 
P(not South Atlantic | not Construction) = P(not South Atlantic and not 
Construction) / P(not Construction) 
 
Given the information provided, we know that: 

• P(South Atlantic) = 8,010 / 83,384 = 0.096 or 9.6% 

• P(Construction) = 10,867 / 83,384 = 0.13 or 13% 

• P(not South Atlantic) = 1- P(South Atlantic) = 1 - 0.096 = 0.904 or 90.4% 

• P(not Construction) = 1 - P(Construction) = 1 - 0.13 = 0.87 or 87% 

• P(not South Atlantic and not Construction) = P(not South Atlantic) * 
P(not Construction) = 0.904 * 0.87 = 0.787 or 78.7% 

 
So, 

• P(not South Atlantic | not Construction) = P(not South Atlantic and not 
Construction) / P(not Construction) = 0.787 / 0.87 = 0.903 or 90.3% 

Therefore, the probability that the business is not located in the South Atlantic 
states if it is known that the business is not a construction business is 90.3% 
 

4.27. A national survey of small-business owners was conducted to determine the 
challenges for growth for their businesses. The top challenge, selected by 46% of the 
small-business owners, was the economy. A close second was finding qualified 



workers (37%). Suppose 15% of the small-business owners selected both the 
economy and finding qualified workers as challenges for growth. A small-business 
owner is randomly selected. 

1. What is the probability that the owner believes the economy is a challenge for 

growth if the owner believes that finding qualified workers is a challenge for 

growth? 

2. What is the probability that the owner believes that finding qualified workers 

is a challenge for growth if the owner believes that the economy is a challenge 

for growth? 

3. Given that the owner does not select the economy as a challenge for growth, 

what is the probability that the owner believes that finding qualified workers 

is a challenge for growth? 

4. What is the probability that the owner believes neither that the economy is a 

challenge for growth nor that finding qualified workers is a challenge for 

growth? 
Solution: 

1. The probability that a small-business owner believes the economy is a 
challenge for growth, given that the owner believes that finding qualified 
workers is a challenge for growth, can be calculated by using the conditional 
probability formula: 

 
P(economy | finding qualified workers) = P(economy and finding qualified 
workers) / P(finding qualified workers) 

 
Given the information provided, we know that: 

 

• P(economy) = 46% 

• P(finding qualified workers) = 37% 

• P(economy and finding qualified workers) = 15% 
So, 

 

• P(economy | finding qualified workers) = P(economy and finding 
qualified workers) / P(finding qualified workers) = 15% / 37% = 0.405 or 
40.5% 

Therefore, the probability that the owner believes the economy is a challenge 
for growth if the owner believes that finding qualified workers is a challenge 
for growth is 40.5% 

2. The probability that a small-business owner believes that finding qualified 
workers is a challenge for growth, given that the owner believes that the 
economy is a challenge for growth, can be calculated by using the conditional 
probability formula: 



 
P(finding qualified workers | economy) = P(economy and finding qualified 
workers) / P(economy) 
 
Given the information provided, we know that: 

• P(economy) = 46% 

• P(finding qualified workers) = 37% 

• P(economy and finding qualified workers) = 15% 
 
So, 

• P(finding qualified workers | economy) = P(economy and finding 
qualified workers) / P(economy) = 15% / 46% = 0.326 or 32.6% 

Therefore, the probability that the owner believes that finding qualified 
workers is a challenge for growth if the owner believes that the economy is a 
challenge for growth is 32.6% 

3. The probability that a small-business owner believes that finding qualified 
workers is a challenge for growth, given that the owner does not select the 
economy as a challenge for growth, can be calculated by using the conditional 
probability formula: 
 
P(finding qualified workers | not economy) = P(finding qualified workers and 
not economy) / P(not economy) 
 
Given the information provided, we know that: 

• P(economy) = 46% 

• P(finding qualified workers) = 37% 

• P(economy and finding qualified workers) = 15% 

• P(not economy) = 1 - P(economy) = 1 - 46% = 54% 

• P(finding qualified workers and not economy) = P(finding qualified 
workers) -P(economy and finding qualified workers) = 37% - 15% = 22% 

 
So, 

• P(finding qualified workers | not economy) = P(finding qualified 
workers and not economy) / P(not economy) = 22% / 54% = 0.407 or 
40.7% 

Therefore, the probability that the owner believes that finding qualified 
workers is a challenge for growth, given that the owner does not select the 
economy as a challenge for growth is 40.7% 

4. The probability that a small-business owner believes neither that the economy 
is a challenge for growth nor that finding qualified workers is a challenge for 
growth can be calculated by using the total probability and the information of 
the events. 



 
P(not economy and not finding qualified workers) = 1 - P(economy or finding 
qualified workers) 
 
Given the information provided, we know that: 

• P(economy) = 46% 

• P(finding qualified workers) = 37% 

• P(economy and finding qualified workers) = 15% 

• P(economy or finding qualified workers) = P(economy) + P(finding 
qualified workers) - P(economy and finding qualified workers) = 46% + 
37% - 15% = 68% 

 
So, 

• P(not economy and not finding qualified workers) = 1 - P(economy or 
finding qualified workers) = 1 - 68% = 32% 

Therefore, the probability that the owner believes neither that the economy is 
a challenge for growth nor that finding qualified workers is a challenge for 
growth is 32%. 
 

4.28. According to a survey published by ComPsych Corporation, 54% of all workers 
read e-mail while they are talking on the phone. Suppose that 20% of those who read 
e-mail while they are talking on the phone write personal “to-do” lists during 
meetings. Assuming that these figures are true for all workers, if a worker is 
randomly selected, determine the following probabilities: 

1. The worker reads e-mail while talking on the phone and writes personal “to-

do” lists during meetings. 

2. The worker does not write personal “to-do” lists given that he reads e-mail 

while talking on the phone. 

3. The worker does not write personal “to-do” lists and does read e-mail while 

talking on the phone. 
Solution: 

1. P(reads e-mail while talking on the phone and writes personal “to-do” lists 
during meetings) = P(reads e-mail while talking on the phone) * P(writes 
personal “to-do” lists during meetings | reads e-mail while talking on the 
phone) 
 
= 0.54 * 0.20 = 0.108 or 10.8% 
 
So, the probability that the worker reads e-mail while talking on the phone 
and writes personal “to-do” lists during meetings is 10.8%. 

2. P(does not write personal "to-do" lists | reads e-mail while talking on the 
phone) = 1 - P(writes personal "to-do" lists | reads e-mail while talking on the 
phone) = 1 - 0.20 = 0.80 or 80% 



 
So, the probability that the worker does not write personal "to-do" lists given 
that he reads e-mail while talking on the phone is 80%. 

3. P(does not write personal "to-do" lists and does read e-mail while talking on 
the phone) = P(does not write personal "to-do" lists | reads e-mail while 
talking on the phone) * P(reads e-mail while talking on the phone) = 0.80 * 
0.54 = 0.432 or 43.2% 
 
So, the probability that the worker does not write personal "to-do" lists and 
does read e-mail while talking on the phone is 43.2%. 
 
 

4.29. According to a survey of restaurant owners in the U.S. by Must-HaveMenus, 
77% of restaurant owners believe that they need to use social media as a marketing 
tool. A different survey by the National Restaurant owners revealed that 80% of 
restaurant owners started their careers at entry-level positions. Suppose that 83% of 
restaurant owners who started their careers at entry-level positions believe that they 
need to use social media as a marketing tool. Assuming that these percentages apply 
to all restaurant owners, if a restaurant owner is randomly selected, 

1. What is the probability that the owner does believe that he/she needs to use 

social media as a marketing tool and did start his/her career at an entry-level 

position? 

2. What is the probability that an owner either believes that he/she needs to use 

social media as a marketing tool or he/she did start his/her career at an entry-

level position? 

3. What is the probability that the owner does not believe that he/she needs to 

use social media as a marketing tool given that he/she did start his/her career 

at an entry-level position? 

4. What is the probability that the owner does believe that he/she needs to use 

social media as a marketing tool given that he/she did not start his/her career 

at an entry-level position? 

5. What is the probability that the owner did not start his/her career at an entry-

level position given that he/she does not believe he/she needs to use social 

media as a marketing tool? 
Solution: 

1. P(believes in using social media as a marketing tool and started career at 
entry-level position) = P(believes in using social media as a marketing tool) * 
P(started career at entry-level position | believes in using social media as a 
marketing tool) 
= 0.77 * 0.83 = 0.6371 or 63.71% 
 
So, the probability that the owner does believe that he/she needs to use social 



media as a marketing tool and did start his/her career at an entry-level 
position is 63.71%. 

2. P(believes in using social media as a marketing tool or started career at entry-

level position) = P(believes in using social media as a marketing tool) + 

P(started career at entry-level position) - P(believes in using social media as a 

marketing tool and started career at entry-level position) = 0.77 + 0.80 - 

0.6371 = 0.9129 or 91.29% 

 

So, the probability that an owner either believes that he/she needs to use 

social media as a marketing tool or he/she did start his/her career at an entry-

level position is 91.29%. 

3. P(does not believe in using social media as a marketing tool | started career at 

entry-level position) = 1 - P(believes in using social media as a marketing tool | 

started career at entry-level position) = 1 - 0.83 = 0.17 or 17% 

 

So, the probability that the owner does not believe that he/she needs to use 

social media as a marketing tool given that he/she did start his/her career at 

an entry-level position is 17%. 

4. P(does believe in using social media as a marketing tool | did not start career 

at entry-level position) = P(does believe in using social media as a marketing 

tool and did not start career at entry-level position) / P(did not start career at 

entry-level position) 

 

Given the information provided, we know that: 

• P(believes in using social media as a marketing tool) = 77% 

• P(started career at entry-level position) = 80% 

• P(believes in using social media as a marketing tool and started career 

at entry-level position) = 63.71% 

• P(did not start career at entry-level position) = 1 - P(started career at 

entry-level position) = 1 - 80% = 20% 

• P(does believe in using social media as a marketing tool and did not 

start career at entry-level position) = P(believes in using social media as 

a marketing tool) - P(believes in using social media as a marketing tool 

and started career at entry-level position) = 77% - 63.71% = 13.29% 

So, 

• P(does believe in using social media as a marketing tool | did not start 

career at entry-level position) = P(does believe in using social media as 

a marketing tool and did not start career at entry-level position) / P(did 

not start career at entry-level position) = 13.29 / 20 = 0.664 or 66.4% 



Therefore, the probability that the owner does believe that he/she needs to 

use social media as a marketing tool given that he/she did not start his/her 

career at an entry-level position is 66.4%. 

5. P(did not start career at entry-level position | does not believe in using social 

media as a marketing tool) = P(did not start career at entry-level position and 

does not believe in using social media as a marketing tool) / P(does not believe 

in using social media as a marketing tool) 

 

Given the information provided, we know that: 

• P(believes in using social media as a marketing tool) = 77% 

• P(started career at entry-level position) = 80% 

• P(believes in using social media as a marketing tool and started career 

at entry-level position) = 63.71% 

• P(does not believe in using social media as a marketing tool) = 1 - 

P(believes in using social media as a marketing tool) = 1 - 77% = 23% 

• P(did not start career at entry-level position and does not believe in 

using social media as a marketing tool) = P(did not start career at entry-

level position) - P(did not start career at entry-level position | believes 

in using social media as a marketing tool) = 20% - 17% = 3% 

 

So, 

• P(did not start career at entry-level position | does not believe in using 

social media as a marketing tool) = P(did not start career at entry-level 

position and does not believe in using social media as a marketing tool) 

/ P(does not believe in using social media as a marketing tool) = 3% / 

23% = 0.130 or 13% 

Therefore, the probability that the owner did not start his/her career at an 

entry-level position given that he/she does not believe he/she needs to use 

social media as a marketing tool is 13%. 

 
4.30. In a study undertaken by Catalyst, 43% of women senior executives agreed or 
strongly agreed that a lack of role models was a barrier to their career development. 
In addition, 46% agreed or strongly agreed that gender-based stereotypes were 
barriers to their career advancement. Suppose 77% of those who agreed or strongly 
agreed that gender-based stereotypes were barriers to their career advancement 
agreed or strongly agreed that the lack of role models was a barrier to their career 
development. If one of these female senior executives is randomly selected, 
determine the following probabilities: 



1. What is the probability that the senior executive does not agree or strongly 

agree that a lack of role models was a barrier to her career development given 

that she does agree or strongly agree that gender-based stereotypes were 

barriers to her career development? 

2. What is the probability that the senior executive does not agree or strongly 

agree that gender-based stereotypes were barriers to her career development 

given that she does agree or strongly agree that the lack of role models was a 

barrier to her career development? 

3. If it is known that the senior executive does not agree or strongly agree that 

gender-based stereotypes were barriers to her career development, what is 

the probability that she does not agree or strongly agree that the lack of role 

models was a barrier to her career development? 
Solution: 

1. P(does not agree or strongly agree that lack of role models was a barrier | 
agrees or strongly agrees that gender-based stereotypes were barriers) = 1 - 
P(agrees or strongly agrees that lack of role models was a barrier | agrees or 
strongly agrees that gender-based stereotypes were barriers) 
= 1 - 0.77 = 0.23 or 23% 
 
So, the probability that the senior executive does not agree or strongly agree 
that a lack of role models was a barrier to her career development given that 
she does agree or strongly agree that gender-based stereotypes were barriers 
to her career development is 23%. 

2. P(does not agree or strongly agree that gender-based stereotypes were 
barriers | agrees or strongly agrees that lack of role models was a barrier) = 1 - 
P(agrees or strongly agrees that gender-based stereotypes were barriers | 
agrees or strongly agrees that lack of role models was a barrier) 
 
Given the information provided, we know that: 

• P(agrees or strongly agrees that lack of role models was a barrier) = 
43% 

• P(agrees or strongly agrees that gender-based stereotypes were 
barriers) = 46% 

• P(agrees or strongly agrees that gender-based stereotypes were 
barriers and lack of role models was a barrier) = P(agrees or strongly 
agrees that lack of role models was a barrier) * P(agrees or strongly 
agrees that gender-based stereotypes were barriers | agrees or strongly 
agrees that lack of role models was a barrier) = 43% * 0.77 = 33.11% 

 
So, 

• P(does not agree or strongly agree that gender-based stereotypes were 
barriers | agrees or strongly agrees that lack of role models was a 



barrier) = 1 - P(agrees or strongly agrees that gender-based stereotypes 
were barriers | agrees or strongly agrees that lack of role models was a 
barrier) = 1 - (33.11 / 43) = 0.2364 or 23.64% 

 
Therefore, the probability that the senior executive does not agree or strongly 
agree that gender-based stereotypes were barriers to her career development 
given that she does agree or strongly agree that the lack of role models was a 
barrier to her career development is 23.64%. 

3. P(does not agree or strongly agree that lack of role models was a barrier | 
does not agree or strongly agree that gender-based stereotypes were barriers) 
= P(does not agree or strongly agree that lack of role models was a barrier and 
does not agree or strongly agree that gender-based stereotypes were barriers) 
/ P(does not agree or strongly agree that gender-based stereotypes were 
barriers) 
 
Given the information provided, we know that: 

• P(agrees or strongly agrees that lack of role models was a barrier) = 
43% 

• P(agrees or strongly agrees that gender-based stereotypes were 
barriers) = 46% 

• P(does not agree or strongly agree that gender-based stereotypes were 
barriers) = 1 - P(agrees or strongly agrees that gender-based 
stereotypes were barriers) = 1 - 46% = 54% 

• P(does not agree or strongly agree that lack of role models was a 
barrier) = 1 - P(agrees or strongly agrees that lack of role models was a 
barrier) = 1 - 43% = 57% 

• We can use above information to find the probability P(does not agree 
or strongly agree that lack of role models was a barrier and does not 
agree or strongly agree that gender-based stereotypes were barriers) = 
P(does not agree or strongly agree that lack of role models was a 
barrier) * P(does not agree or strongly agree that gender-based 
stereotypes were barriers) = 57% * 54% = 30.78% 

 
So, 

• P(does not agree or strongly agree that lack of role models was a 
barrier | does not agree or strongly agree that gender-based 
stereotypes were barriers) = P(does not agree or strongly agree that 
lack of role models was a barrier and does not agree or strongly agree 
that gender-based stereotypes were barriers) / P(does not agree or 
strongly agree that gender-based stereotypes were barriers) = 30.78 / 
54 = 0.5681 or 56.81% 
 



4.31. In a manufacturing plant, machine A produces 10% of a certain product, 
machine B produces 40% of this product, and machine C produces 50% of this 
product. Five percent of machine A products are defective, 12% of machine B 
products are defective, and 8% of machine C products are defective. The company 
inspector has just sampled a product from this plant and has found it to be defective. 
Determine the revised probabilities that the sampled product was produced by 
machine A, machine B, or machine C. 
 
Solution: 
The revised probabilities that the sampled product was produced by machine A, 
machine B, or machine C can be found using Bayes' theorem. 
 
Bayes' theorem states that: 
P(A|B) = P(B|A) * P(A) / P(B) 
 
Where: 
P(A|B) is the probability of event A happening given that event B has happened 
(revised probability) 
P(B|A) is the probability of event B happening given that event A has happened 
(likelihood) 
P(A) is the prior probability of event A happening (prior probability) 
P(B) is the total probability of event B happening (marginal probability) 
 
Given the information provided, we know that: 
 

• P(A) = 10%, P(B) = 40%, P(C) = 50% 

• P(defective | A) = 5%, P(defective | B) = 12%, P(defective | C) = 8% 

• P(defective) = P(A) * P(defective | A) + P(B) * P(defective | B) + P(C) * 
P(defective | C) = 0.1 * 0.05 + 0.4 * 0.12 + 0.5 * 0.08 = 0.076 

So, 
 

• P(A | defective) = P(defective | A) * P(A) / P(defective) = (0.05 * 0.1) / 0.076 = 
0.065 or 6.5% 

• P(B | defective) = P(defective | B) * P(B) / P(defective) = (0.12 * 0.4) / 0.076 = 
0.316 or 31.6% 

• P(C | defective) = P(defective | C) * P(C) / P(defective) = (0.08 * 0.5) / 0.076 = 
0.526 or 52.6% 

So, the revised probability that the sampled product was produced by machine A is 
6.5%, by machine B is 31.6%, and by machine C is 52.6%. 

 
 
4.32. Alex, Alicia, and Juan fill orders in a fast-food restaurant. Alex incorrectly fills 
20% of the orders he takes. Alicia incorrectly fills 12% of the orders she takes. Juan 



incorrectly fills 5% of the orders he takes. Alex fills 30% of all orders, Alicia fills 45% of 
all orders, and Juan fills 25% of all orders. An order has just been filled. 
 

1. What is the probability that Alicia filled the order? 

2. If the order was filled by Juan, what is the probability that it was filled 

correctly? 

3. Who filled the order is unknown, but the order was filled incorrectly. What are 

the revised probabilities that Alex, Alicia, or Juan filled the order? 

4. Who filled the order is unknown, but the order was filled correctly. What are 

the revised probabilities that Alex, Alicia, or Juan filled the order? 

Solution: 

1. To find the probability that Alicia filled the order, we can use the prior 

probability that she fills orders, which is given as 45%. So: 

 

P(Alicia) = 45% 

So, the probability that Alicia filled the order is 45%. 
2. To find the probability that an order filled by Juan was filled correctly, we can 

use the likelihood that Juan fills orders correctly, which is given as 95%. 

P(correctly filled | Juan) = 95% So, the probability that an order filled by Juan 

was filled correctly is 95%. 

3. To find the revised probabilities that Alex, Alicia, or Juan filled the order given 

that the order was filled incorrectly, we can use Bayes' theorem. 

 

P(A|B) = P(B|A) * P(A) / P(B) 

Where:  

P(A|B) is the probability of event A happening given that event B has 

happened (revised probability)  

P(B|A) is the probability of event B happening given that event A has 

happened (likelihood)  

P(A) is the prior probability of event A happening (prior probability)  

P(B) is the total probability of event B happening (marginal probability) 

 

Given the information provided, we know that: 

• P(incorrectly filled | Alex) = 20%, P(incorrectly filled | Alicia) = 12%, 

P(incorrectly filled | Juan) = 5% 

• P(Alex) = 30%, P(Alicia) = 45%, P(Juan) = 25% 

• P(incorrectly filled) = P(Alex) * P(incorrectly filled | Alex) + P(Alicia) * 

P(incorrectly filled | Alicia) + P(Juan) * P(incorrectly filled | Juan) = 0.3 * 

0.2 + 0.45 * 0.12 + 0.25 * 0.05 = 0.126 



 

So, 

• P(Alex | incorrectly filled) = P(incorrectly filled | Alex) * P(Alex) / 

P(incorrectly filled) = (0.2 * 0.3) / 0.126 = 0.38 or 38% 

• P(Alicia | incorrectly filled) = P(incorrectly filled | Alicia) * P(Alicia) / 

P(incorrectly filled) = (0.12 * 0.45) / 0.126 = 0.324 or 32.4% 

• P(Juan | incorrectly filled) = P(incorrectly filled | Juan) * P(Juan) / 

P(incorrectly filled) = (0.05 * 0.25) / 0.126 = 0.298 or 29.8% 

So, the revised probabilities that Alex, Alicia, or Juan filled the order given that 

the order was filled incorrectly are 38%, 32.4%, and 29.8% respectively. 

 

It's important to notice that the sum of these probabilities is 100% because 

the order was incorrectly filled and one of them had to fill it. 

4. To find the revised probabilities that Alex, Alicia, or Juan filled the order given 

that the order was filled correctly, we can again use Bayes' theorem. 

 

P(A|B) = P(B|A) * P(A) / P(B) 

Where:  

P(A|B) is the probability of event A happening given that event B has 

happened (revised probability)  

P(B|A) is the probability of event B happening given that event A has 

happened (likelihood)  

P(A) is the prior probability of event A happening (prior probability)  

P(B) is the total probability of event B happening (marginal probability) 

 

Given the information provided, we know that: 

• P(correctly filled | Alex) = 80%, P(correctly filled | Alicia) = 88%, 

P(correctly filled | Juan) = 95% 

• P(Alex) = 30%, P(Alicia) = 45%, P(Juan) = 25% 

• P(correctly filled) = P(Alex) * P(correctly filled | Alex) + P(Alicia) * 

P(correctly filled | Alicia) + P(Juan) * P(correctly filled | Juan) = 0.3 * 0.8 

+ 0.45 * 0.88 + 0.25 * 0.95 = 0.874 

 

So, 

• P(Alex | correctly filled) = P(correctly filled | Alex) * P(Alex) / P(correctly 

filled) = (0.8 * 0.3) / 0.874 = 0.108 or 10.8% 

• P(Alicia | correctly filled) = P(correctly filled | Alicia) * P(Alicia) / 

P(correctly filled) = (0.88 * 0.45) / 0.874 = 0.354 or 35.4% 



• P(Juan | correctly filled) = P(correctly filled | Juan) * P(Juan) / 

P(correctly filled) = (0.95 * 0.25) / 0.874 = 0.538 or 53.8% 

So, the revised probabilities that Alex, Alicia, or Juan filled the order given that 

the order was filled correctly are 10.8%, 35.4%, and 53.8% respectively. 

4.33. In a small town, two lawn companies fertilize lawns during the summer. Tri-

State Lawn Service has 72% of the market. Thirty percent of the lawns fertilized by 

Tri-State could be rated as very healthy one month after service. Greenchem has the 

other 28% of the market. Twenty percent of the lawns fertilized by Greenchem could 

be rated as very healthy one month after service. A lawn that has been treated with 

fertilizer by one of these companies within the last month is selected randomly. If 

the lawn is rated as very healthy, what are the revised probabilities that Tri-State or 

Greenchem treated the lawn? 

Solution: 

We can use Bayes' Theorem to find the revised probability of Tri-State or Greenchem 

treating the lawn given that the lawn is rated as very healthy. 

Bayes' Theorem states: P(A|B) = P(B|A) * P(A) / P(B) where A is the event that Tri-

State or Greenchem treated the lawn, and B is the event that the lawn is rated as 

very healthy. 

We know that: 

 

• P(Tri-State | Very Healthy) = P(Very Healthy | Tri-State) * P(Tri-State) / P(Very 

Healthy) 

• P(Greenchem | Very Healthy) = P(Very Healthy | Greenchem) * P(Greenchem) 

/ P(Very Healthy) 

We know that: 

• P(Tri-State) = 72% = 0.72 

• P(Greenchem) = 28% = 0.28 

• P(Very Healthy | Tri-State) = 30% = 0.30 

• P(Very Healthy | Greenchem) = 20% = 0.20 

To find P(Very Healthy), we can use the Law of Total Probability: P(Very Healthy) = 

P(Very Healthy | Tri-State) * P(Tri-State) + P(Very Healthy | Greenchem) * 

P(Greenchem) 

So: 

• P(Very Healthy) = 0.30 * 0.72 + 0.20 * 0.28 = 0.216 + 0.056 = 0.272 

Now we can use this to find the revised probabilities: 

• P(Tri-State | Very Healthy) = 0.30 * 0.72 / 0.272 = 0.625 

• P(Greenchem | Very Healthy) = 0.20 * 0.28 / 0.272 = 0.375 



So, the revised probability that Tri-State treated the lawn given that the lawn is rated 

as very healthy is 62.5% and the revised probability that Greenchem treated the lawn 

given that the lawn is rated as very healthy is 37.5%. 

 

4.34 Suppose 70% of all companies are classified as small companies and the rest as 

large companies. Suppose further, 82% of large companies provide training to 

employees, but only 18% of small companies provide training. A company is 

randomly selected without knowing if it is a large or small company; however, it is 

determined that the company provides training to employees. What are the prior 

probabilities that the company is a large company or a small company? What are the 

revised probabilities that the company is large or small? Based on your analysis, what 

is the overall percentage of companies that offer training? 

Solution: 

We can use Bayes' Theorem to find the revised probability that a company is a large 

or small company given that it provides training to employees. 

Bayes' Theorem states: P(A|B) = P(B|A) * P(A) / P(B) where A is the event that the 

company is a large or small company and B is the event that the company provides 

training to employees. 

We know that: 

• P(Large | Training) = P(Training | Large) * P(Large) / P(Training) 

• P(Small | Training) = P(Training | Small) * P(Small) / P(Training) 

We know that: 

• P(Large) = 1- P(Small) = 1 - 0.30 = 0.70 

• P(Small) = 0.30 

• P(Training | Large) = 0.82 

• P(Training | Small) = 0.18 

To find P(Training), we can use the Law of Total Probability: P(Training) = P(Training | 

Large) * P(Large) + P(Training | Small) * P(Small) 

So: 

• P(Training) = 0.82 * 0.70 + 0.18 * 0.30 = 0.574 

Now we can use this to find the revised probabilities: 

• P(Large | Training) = 0.82 * 0.70 / 0.574 = 0.839 

• P(Small | Training) = 0.18 * 0.30 / 0.574 = 0.161 

So, the revised probability that the company is a large company given that it provides 

training to employees is 83.9% and the revised probability that the company is a 

small company given that it provides training to employees is 16.1%. 

To find the overall percentage of companies that offer training, we can use the Law of 

Total Probability again: P(Training) = P(Training | Large) * P(Large) + P(Training | 



Small) * P(Small) = 0.82 * 0.70 + 0.18 * 0.30 = 0.574. Therefore, the overall 

percentage of companies that offer training is 57.4%. 
 
4.35. Use the values in the cross-tabulation table to solve the equations given. 
 

Variable 2 

Variable 1 

 D E 

A 10 20 

B 15 5 

C 30 15 

1. P(E) = ___________ 

2. P(B ∪ D) = ___________ 

3. P(A ∩ E) = ___________ 

4. P(B|E) = ___________ 

5. P(A ∪ B) = ___________ 

6. P(B ∩ C) = ___________ 

7. P(D|C) = ___________ 

8. P (A|B) = ___________ 

9. Are variables 1 and 2 independent? Why or why not? 

Solution: 

1. P(E) = 20 + 15 = 35 

2. P(B ∪ D) = P(B) + P(D) - P(B ∩ D) = (15 + 5) + (10 + 30) - 10 = 50 

3. P(A ∩ E) = 10 

4. P(B|E) = P(B ∩ E) / P(E) = 5 / 35 = 1/7 

5. P(A ∪ B) = P(A) + P(B) - P(A ∩ B) = (10 + 20) + (15 + 5) - 10 = 30 

6. P(B ∩ C) = 5 

7. P(D|C) = P(D ∩ C) / P(C) = 30 / 45 = 2/3 

8. P (A|B) = P(A ∩ B) / P(B) = 10 / 20 = 1/2 

9. Variables 1 and 2 are not independent because P(B ∩ D) does not equal P(B) * 

P(D). They are dependent on each other. 
4.36. Use the values in the cross-tabulation table to solve the equations given. 
 

 D E F G 



A 3 9 7 12 

B 8 4 6 4 

C 10 5 3 7 

1. P(F ∩ A) = ___________ 

2. P(A|B) = ___________ 

3. P(B) = ___________ 

4. P(E ∩ F) = ___________ 

5. P(D|B) = ___________ 

6. P(B|D) = ___________ 

7. P(D ∪ C) = ___________ 

8. P(F) = ___________ 

Solution: 

1. P(F ∩ A) = 7 

2. P(A|B) = P(A ∩ B) / P(B) = (3+9+7+12)/(3+9+7+12+8+4+6+4) = 0.25 

3. P(B) = 8 + 4 + 6 + 4 = 22 

4. P(E ∩ F) = 9 

5. P(D|B) = P(D ∩ B) / P(B) = 8 / 22 = 4/11 

6. P(B|D) = P(D ∩ B) / P(D) = 8 / (3+8+10) = 8/21 

7. P(D ∪ C) = P(D) + P(C) - P(D ∩ C) = (3+9+7+12) + (10+5+3+7) - 10 = 38 

8. P(F) = 7+6+3 = 16 
4.37. The following joint probability table contains a breakdown on the age and 
gender of U.S. physicians in a recent year, as reported by the American Medical 
Association. 
 

U.S. PHYSICIANS IN A RECENT YEAR 

Gender 

Age (years) 

<35 Male 35-44 45-54 55-64 >65   

Male .11 .20 .19 .12 .16 .78 

Female .07 .08 .04 .02 .01 .22 

 .18 .28 .23 .14 .17 1.00 

1. What is the probability that one randomly selected physician is 35–44 years 

old? 



2. What is the probability that one randomly selected physician is both a woman 

and 45–54 years old? 

3. What is the probability that one randomly selected physician is a man or is 

35–44 years old? 

4. What is the probability that one randomly selected physician is less than 35 

years old or 55–64 years old? 

5. What is the probability that one randomly selected physician is a woman if she 

is 45–54 years old? 

6. What is the probability that a randomly selected physician is neither a woman 

nor 55–64 years old? 

Solution: 
1. The probability that one randomly selected physician is 35-44 years old is 0.28 (from 

the "Age (years)" row). 
2. The probability that one randomly selected physician is both a woman and 45-54 

years old is 0.04 (from the "Female" column and "45-54" row). 
3. To find the probability that one randomly selected physician is a man or is 35-44 

years old, we can use the formula P(A or B) = P(A) + P(B) - P(A and B). The probability 
that one randomly selected physician is a man is 0.18 and the probability that one is 
35-44 years old is 0.28. Using this formula, we can find that the probability that one 
randomly selected physician is a man or 35-44 years old is 0.18 + 0.28 - 0 (since these 
events are mutually exclusive) = 0.46 

4. To find the probability that one randomly selected physician is less than 35 years old 
or 55-64 years old, we can use the formula P(A or B) = P(A) + P(B) - P(A and B). The 
probability that one randomly selected physician is less than 35 years old is 0.18 and 
the probability that one is 55-64 years old is 0.17. Using this formula, we can find 
that the probability that one randomly selected physician is less than 35 years old or 
55-64 years old is 0.18 + 0.17 - 0 = 0.35 

5. To find the probability that one randomly selected physician is a woman if she is 45–
54 years old, we can use the formula P(A|B) = P(A and B) / P(B). P(A) = P(Female) = 
0.18 , P(B) = P(45-54) = 0.23 , P(A and B) = P(Female and 45-54) = 0.04 . P(A|B) = 0.04 
/ 0.23 = 0.17 

6. To find the probability that a randomly selected physician is neither a woman nor 55–
64 years old, we can use the formula P(not A) = 1 - P(A) and P(not B) = 1 - P(B) . P(not 
A) = 1 - 0.18 = 0.82, P(not B) = 1 - 0.16 = 0.84 , P(not A and not B) = P(not A) * P(not 
B) = 0.82 * 0.84 = 0.6864 

 

4.38. Purchasing Survey asked purchasing professionals what sales traits impressed 
them most in a sales representative. Seventy-eight percent selected “thoroughness.” 
Forty percent responded “knowledge of your own product.” The purchasing 
professionals were allowed to list more than one trait. Suppose 27% of the 
purchasing professionals listed both “thoroughness” and “knowledge of your own 
product” as sales traits that impressed them most. A purchasing professional is 
randomly sampled. 
 



1. What is the probability that the professional selected “thoroughness” or 

“knowledge of your own product”? 

2. What is the probability that the professional selected neither “thoroughness” 

nor “knowledge of your own product”? 

3. If it is known that the professional selected “thoroughness,” what is the 

probability that the professional selected “knowledge of your own product”? 

4. What is the probability that the professional did not select “thoroughness” 

and did select “knowledge of your own product”? 

Solution: 

1. To find the probability that the professional selected "thoroughness" or 

"knowledge of your own product," we can use the formula P(A or B) = P(A) + 

P(B) - P(A and B). The probability that the professional selected 

"thoroughness" is 0.78 and the probability that the professional selected 

"knowledge of your own product" is 0.40. However, we also know that 27% of 

the purchasing professionals listed both "thoroughness" and "knowledge of 

your own product" as sales traits that impressed them most. We need to 

subtract the overlap from the total probability, so the probability that the 

professional selected "thoroughness" or "knowledge of your own product" is 

0.78 + 0.40 - 0.27 = 0.91 

2. To find the probability that the professional selected neither "thoroughness" 

nor "knowledge of your own product," we can use the formula P(not A and 

not B) = 1 - P(A or B). Using the value from the first question, the probability 

that the professional selected neither "thoroughness" nor "knowledge of your 

own product" is 1 - 0.91 = 0.09 

3. If it is known that the professional selected "thoroughness," we can use the 

formula P(B|A) = P(A and B) / P(A) to find the probability that the professional 

also selected "knowledge of your own product." We know that P(A) = 0.78 and 

P(A and B) = 0.27, so the probability that the professional also selected 

"knowledge of your own product" is 0.27 / 0.78 = 0.346 

4. To find the probability that the professional did not select “thoroughness” and 

did select “knowledge of your own product”, we can use P(not A and B). We 

know that P(A) = 0.78 and P(B) = 0.40, and P(A and B) = 0.27. To find P(not A 

and B), we can use the formula P(not A and B) = P(B) - P(A and B) = 0.40 - 0.27 

= 0.13.  

So, the probability that the professional did not select “thoroughness” and did 

select “knowledge of your own product” is 0.13 
4.39. The U.S. Bureau of Labor Statistics publishes data on the benefits offered by 
small companies to their employees. Only 42% offer retirement plans while 61% 
offer life insurance. Suppose 33% offer both retirement plans and life insurance as 



benefits. If a small company is randomly selected, determine the following 
probabilties: 
 

1. The company offers a retirement plan given that they offer life insurance. 

2. The company offers life insurance given that they offer a retirement plan. 

3. The company offers life insurance or a retirement plan. 

4. The company offers a retirement plan and does not offer life insurance. 

5. The company does not offer life insurance if it is known that they offer a 

retirement plan. 

Solution: 

1. To find the probability of a company offering a retirement plan given that they 

offer life insurance, we can use the formula for conditional probability: 

P(retirement plan | life insurance) = P(retirement plan and life insurance) / 

P(life insurance) = (33%) / (61%) = 0.54. 

2. To find the probability of a company offering life insurance given that they 

offer a retirement plan, we can use the same formula: P(life insurance | 

retirement plan) = P(retirement plan and life insurance) / P(retirement plan) = 

(33%) / (42%) = 0.79. 

3. To find the probability of a company offering life insurance or a retirement 

plan, we can use the formula for the union of two events: P(life insurance or 

retirement plan) = P(life insurance) + P(retirement plan) - P(life insurance and 

retirement plan) = (61%) + (42%) - (33%) = 70%. 

4. To find the probability of a company offering a retirement plan and not 

offering life insurance, we can use the formula for the intersection of two 

events: P(retirement plan and not life insurance) = P(retirement plan) - 

P(retirement plan and life insurance) = (42%) - (33%) = 9%. 

5. To find the probability of a company not offering life insurance if it is known 

that they offer a retirement plan, we can use the formula for conditional 

probability: P(not life insurance | retirement plan) = P(not life insurance and 

retirement plan) / P(retirement plan) = (9%) / (42%) = 0.21 
4.40. An Adweek Media/Harris Poll revealed that 44% of U.S. adults in the 18–34 
years category think that “Made in America” ads boost sales. A different Harris 
Interactive poll showed that 78% of U.S. adults in the 18–34 years category use social 
media online. Suppose that 85% of U.S. adults in the 18–34 years category think that 
“Made in America” ads boost sales or use social media online. If a U.S. adult in the 
18–34 years category is randomly selected, 
 

1. What is the probability that the person thinks that “Made in America” ads 

boost sales and uses social media online? 



2. What is the probability that the person neither thinks that “Made in America” 

ads boost sales nor uses social media online? 

3. What is the probability that the person thinks that “Made in America” ads 

boost sales and does not use social media online? 

4. What is the probability that the person thinks that “Made in America” ads 

boost sales given that the person does not use social media online? 

5. What is the probability that the person either does not think that “Made in 

America” ads boost sales or does use social media online? 

Solution: 

1. To find the probability that a person thinks that "Made in America" ads boost 

sales and uses social media online, we can use the formula for the intersection 

of two events: P(Made in America and social media) = P(Made in America) * 

P(social media|Made in America) = (44%) * (78%) /100 = 0.3432 

2. To find the probability that a person neither thinks that "Made in America" 

ads boost sales nor uses social media online, we can use the formula for the 

intersection of two events: P(not Made in America and not social media) = 

P(not Made in America) * P(not social media|not Made in America) = (56%) * 

(22%) /100 = 0.1232 

3. To find the probability that a person thinks that "Made in America" ads boost 

sales and does not use social media online, we can use the formula for the 

intersection of two events: P(Made in America and not social media) = P(Made 

in America) * P(not social media|Made in America) = (44%) * (22%) /100 = 

0.0968 

4. To find the probability that a person thinks that "Made in America" ads boost 

sales given that the person does not use social media online, we can use the 

formula for conditional probability: P(Made in America | not social media) = 

P(Made in America and not social media) / P(not social media) = (0.0968) / 

(22%) = 0.4378 

5. To find the probability that a person either does not think that "Made in 

America" ads boost sales or does use social media online, we can use the 

formula for the union of two events: P(not Made in America or social media) = 

P(not Made in America) + P(social media) - P(not Made in America and social 

media) = (56%) + (78%) - (0.3432) = 90.4468 

 

Note: the probabilities calculated above assume that the events "Made in America" 

and "social media" are independent and mutually exclusive. 
 
4.41. In a certain city, 30% of the families have a MasterCard, 20% have an American 
Express card, and 25% have a Visa card. Eight percent of the families have both a 



MasterCard and an American Express card. Twelve percent have both a Visa card and 
a MasterCard. Six percent have both an American Express card and a Visa card. 
 

1. What is the probability of selecting a family that has either a Visa card or an 

American Express card? 

2. If a family has a MasterCard, what is the probability that it has a Visa card? 

3. If a family has a Visa card, what is the probability that it has a MasterCard? 

4. Is possession of a Visa card independent of possession of a MasterCard? Why 

or why not? 

5. Is possession of an American Express card mutually exclusive of possession of 

a Visa card? 

Solution: 

1. To find the probability of selecting a family that has either a Visa card or an 

American Express card, we can use the formula for the union of two events: 

P(Visa or American Express) = P(Visa) + P(American Express) - P(Visa and 

American Express) = (25%) + (20%) - (6%) = 39%. 

2. To find the probability that a family with a MasterCard has a Visa card, we can 

use the formula for conditional probability: P(Visa|MasterCard) = 

P(MasterCard and Visa) / P(MasterCard) = (12%) / (30%) = 0.4. 

3. To find the probability that a family with a Visa card has a MasterCard, we can 

use the formula for conditional probability: P(MasterCard|Visa) = 

P(MasterCard and Visa) / P(Visa) = (12%) / (25%) = 0.48. 

4. Possession of a Visa card is not independent of possession of a MasterCard 

because the probability of having a Visa card given that a family has a 

MasterCard, P(Visa|MasterCard), is not equal to the probability of having a 

Visa card, P(Visa). 

5. Possession of an American Express card is not mutually exclusive of possession 

of a Visa card because the probability of having an American Express card 

given that a family has a Visa card, P(American Express|Visa), is not equal to 

zero. 

 
4.42. A few years ago, a survey commissioned by The World Almanac and Maturity 
News Service reported that 51% of the respondents did not believe the Social 
Security system will be secure in 20 years. Of the respondents who were age 45 or 
older, 70% believed the system will be secure in 20 years. Of the people surveyed, 
57% were under age 45. One respondent is selected randomly. 
 

1. What is the probability that the person is age 45 or older? 

2. What is the probability that the person is younger than age 45 and believes 

that the Social Security system will be secure in 20 years? 



3. If the person selected believes the Social Security system will be secure in 20 

years, what is the probability that the person is 45 years old or older? 

4. What is the probability that the person is younger than age 45 or believes the 

Social Security system will not be secure in 20 years? 

Solution: 

1. The probability that the person is age 45 or older is 30% (70% of respondents 

who were age 45 or older / 100% of total respondents). 

2. The probability that the person is younger than age 45 and believes that the 

Social Security system will be secure in 20 years is not given in the information 

provided. 

3. If the person selected believes the Social Security system will be secure in 20 

years, the probability that the person is 45 years old or older is 70% (70% of 

respondents who were age 45 or older believed the system will be secure in 

20 years / 100% of respondents who believed the system will be secure in 20 

years). 

4. The probability that the person is younger than age 45 or believes the Social 

Security system will not be secure in 20 years is 43% (57% of respondents 

were under age 45 and 49% of respondents did not believe the system will be 

secure in 20 years / 100% of total respondents). 

 
4.43. A telephone survey conducted by the Maritz Marketing Research company 
found that 43% of Americans expect to save more money next year than they saved 
last year. Forty-five percent of those surveyed plan to reduce debt next year. Of 
those who expect to save more money next year, 81% plan to reduce debt next year. 
An American is selected randomly. 
 

1. What is the probability that this person expects to save more money next year 

and plans to reduce debt next year? 

2. What is the probability that this person expects to save more money next year 

or plans to reduce debt next year? 

3. What is the probability that this person expects to save more money next year 

and does not plan to reduce debt next year? 

4. What is the probability that this person does not expect to save more money 

given that he/she does plan to reduce debt next year? 

Solution: 

1. The probability that this person expects to save more money next year and 

plans to reduce debt next year is 0.43 * 0.81 = 0.35. 



2. The probability that this person expects to save more money next year or 

plans to reduce debt next year can be found by using the formula for the 

union of two events:  

 

P(A or B) = P(A) + P(B) - P(A and B). 

P(A) = the probability that this person expects to save more money next year, 

which is 43%. 

P(B) = the probability that this person plans to reduce debt next year, which is 

45%. 

P(A and B) = the probability that this person expects to save more money next 

year and plans to reduce debt next year, which is 0.35%. 

 

So, P(A or B) = 43% + 45% - 0.35% = 88.65%. 

3. The probability that this person expects to save more money next year and 

does not plan to reduce debt next year can be found by: P(A) * P(B') = 0.43 * 

(1 - 0.81) = 0.08 

4. The probability that this person does not expect to save more money given 

that he/she does plan to reduce debt next year can be found by: P(A' | B) = 

P(A' and B) / P(B) = (1 - P(A)) * P(B) / P(B) = (1 - 0.43) * 0.45 / 0.45 = 0.57 

 
4.44. The Steelcase Workplace Index studied the types of work-related activities that 
Americans did while on vacation in the summer. Among other things, 40% read work-
related material. Thirty-four percent checked in with the boss. Respondents to the 
study were allowed to select more than one activity. Suppose that of those who read 
work-related material, 78% checked in with the boss. One of these survey 
respondents is selected randomly. 
 

1. What is the probability that while on vacation this respondent checked in with 

the boss and read work-related material? 

2. What is the probability that while on vacation this respondent neither read 

work-related material nor checked in with the boss? 

3. What is the probability that while on vacation this respondent read work-

related material given that the respondent checked in with the boss? 

4. What is the probability that while on vacation this respondent did not check in 

with the boss given that the respondent read work-related material? 

5. What is the probability that while on vacation this respondent did not check in 

with the boss given that the respondent did not read work-related material? 

6. Construct a joint probability table for this problem. 

Solution: 



1. The probability that while on vacation this respondent checked in with the 
boss and read work-related material is 0.40 * 0.78 = 0.312. 

2. The probability that while on vacation this respondent neither read work-
related material nor checked in with the boss is given by P(A'∩B') = (1 - 0.40) * 
(1 - 0.34) = 0.26 * 0.66 = 0.1716 

3. The probability that while on vacation this respondent read work-related 
material given that the respondent checked in with the boss is P(A|B) = 
P(A∩B) / P(B) = 0.312 / 0.34 = 0.917 

4. The probability that while on vacation this respondent did not check in with 
the boss given that the respondent read work-related material is P(B'|A) = 
P(A∩B') / P(A) = (0.40 * (1 - 0.78)) / 0.40 = 0.22 

5. The probability that while on vacation this respondent did not check in with 
the boss given that the respondent did not read work-related material is 
P(B'|A') = P(A'∩B') / P(A') = (0.66 * 0.60) / 0.60 = 0.66 

6. The joint probability table for this problem is: 
 
 
 Read work-related 

material  
Did not read work-
related material 

Checked in with boss 0.312 0.068 
Did not check in with 
boss  

0.088  0.1716 

 
 
4.45. A study on ethics in the workplace by the Ethics Resource Center and Kronos, 
Inc., revealed that 35% of employees admit to keeping quiet when they see coworker 
misconduct. Suppose 75% of employees who admit to keeping quiet when they see 
coworker misconduct call in sick when they are well. In addition, suppose that 40% of 
the employees who call in sick when they are well admit to keeping quiet when they 
see coworker misconduct. If an employee is randomly selected, determine the 
following probabilities: 
 

1. The employee calls in sick when well and admits to keeping quiet when seeing 

coworker misconduct. 

2. The employee admits to keeping quiet when seeing coworker misconduct or 

calls in sick when well. 

3. Given that the employee calls in sick when well, he or she does not keep quiet 

when seeing coworker misconduct. 

4. The employee neither keeps quiet when seeing coworker misconduct nor calls 

in sick when well. 

5. The employee admits to keeping quiet when seeing coworker misconduct and 

does not call in sick when well. 



Solution: 

1. The probability that the employee calls in sick when well and admits to 

keeping quiet when seeing coworker misconduct is 0.35 * 0.75 = 0.2625. 

2. The probability that the employee admits to keeping quiet when seeing 

coworker misconduct or calls in sick when well can be found by using the 

formula for the union of two events:  

P(A or B) = P(A) + P(B) - P(A and B). 

P(A) = the probability that the employee admits to keeping quiet when seeing 

coworker misconduct, which is 35%. 

P(B) = the probability that the employee calls in sick when well, which is 40%. 

P(A and B) = the probability that the employee calls in sick when well and 

admits to keeping quiet when seeing coworker misconduct, which is 0.2625. 

 

So, P(A or B) = 35% + 40% - 0.2625% = 75.2625%. 

3. Given that the employee calls in sick when well, the probability that he or she 

does not keep quiet when seeing coworker misconduct is (1 - 0.4) = 0.6 

4. The probability that the employee neither keeps quiet when seeing coworker 

misconduct nor calls in sick when well is given by P(A'∩B') = (1 - 0.35) * (1 - 

0.40) = 0.65 * 0.6 = 0.39 

5. The probability that the employee admits to keeping quiet when seeing 

coworker misconduct and does not call in sick when well is P(A∩B') = P(A) * (1 

- P(B)) = 0.35 * (1 - 0.40) = 0.21 
 
4.46. Health Rights Hotline published the results of a survey of 2,400 people in 
Northern California in which consumers were asked to share their complaints about 
managed care. The number one complaint was denial of care, with 17% of the 
participating consumers selecting it. Several other complaints were noted, including 
inappropriate care (14%), customer service (14%), payment disputes (11%), specialty 
care (10%), delays in getting care (8%), and prescription drugs (7%). These complaint 
categories are mutually exclusive. Assume that the results of this survey can be 
inferred to all managed care consumers. If a managed care consumer is randomly 
selected, determine the following probabilities: 
 

1. The consumer complains about payment disputes or specialty care. 

2. The consumer complains about prescription drugs and customer service. 

3. The consumer complains about inappropriate care given that the consumer 

complains about specialty care. 

4. The consumer does not complain about delays in getting care nor does the 

consumer complain about payment disputes. 

Solution: 



1. The probability that a consumer complains about payment disputes or 

specialty care is 11% + 10% = 21%. 

2. The probability that a consumer complains about prescription drugs and 

customer service is (7% * 14%) = 0.98%. 

3. The probability that a consumer complains about inappropriate care given that 

the consumer complains about specialty care is not provided in the given data. 

4. The probability that a consumer does not complain about delays in getting 

care nor does the consumer complain about payment disputes is (100% - 8% - 

11%) = 81%. 

 
4.47. Companies use employee training for various reasons, including employee 
loyalty, certification, quality, and process improvement. In a national survey of 
companies, BI Learning Systems reported that 56% of the responding companies 
named employee retention as a top reason for training. Suppose 36% of the 
companies replied that they use training for process improvement and for employee 
retention. In addition, suppose that of the companies that use training for process 
improvement, 90% use training for employee retention. A company that uses 
training is randomly selected. 
 

1. What is the probability that the company uses training for employee retention 

and not for process improvement? 

2. If it is known that the company uses training for employee retention, what is 

the probability that it uses training for process improvement? 

3. What is the probability that the company uses training for process 

improvement? 

4. What is the probability that the company uses training for employee retention 

or process improvement? 

5. What is the probability that the company neither uses training for employee 

retention nor uses training for process improvement? 

6. Suppose it is known that the company does not use training for process 

improvement. What is the probability that the company does use training for 

employee retention? 

Solution: 
1. The probability that a company uses training for employee retention and not 

for process improvement is 56% - 36% = 20%. 
2. If it is known that the company uses training for employee retention, the 

probability that it uses training for process improvement is 36% / 56% = 0.64. 
3. The probability that a company uses training for process improvement is 36%. 
4. The probability that a company uses training for employee retention or 

process improvement is 56% + 36% = 92%. 



5. The probability that a company neither uses training for employee retention 
nor uses training for process improvement is 100% - 92% = 8%. 

6. If it is known that the company does not use training for process 
improvement, the probability that the company uses training for employee 
retention is 100% - 8% = 92%. 

 
4.48. Pitney Bowes surveyed 302 directors and vice presidents of marketing at large 
and midsized U.S. companies to determine what they believe is the best vehicle for 
educating decision makers on complex issues in selling products and services. The 
highest percentage of companies chose direct mail/catalogs, followed by direct 
sales/sales rep. Direct mail/catalogs was selected by 38% of the companies. None of 
the companies selected both direct mail/catalogs and direct sales/sales rep. Suppose 
also that 41% selected neither direct mail/catalogs nor direct sales/sales rep. If one 
of these companies is selected randomly and their top marketing person interviewed 
about this matter, determine the following probabilities: 
 

1. The marketing person selected direct mail/catalogs and did not select direct 

sales/sales rep. 

2. The marketing person selected direct sales/sales rep. 

3. The marketing person selected direct sales/sales rep given that the person 

selected direct mail/catalogs. 

4. The marketing person did not select direct mail/catalogs given that the person 

did not select direct sales/sales rep. 

Solution: 
1. The probability that a marketing person selected direct mail/catalogs and did 

not select direct sales/sales rep is 38%. 
2. The probability that a marketing person selected direct sales/sales rep is 100% 

- 38% - 41% = 21%. 
3. The probability that a marketing person selected direct sales/sales rep given 

that the person selected direct mail/catalogs is not provided in the given data. 
4. The probability that a marketing person did not select direct mail/catalogs 

given that the person did not select direct sales/sales rep is (41% / (41% + 
21%)) = 66%. 

 
4.49. In a study of incentives used by companies to retain mature workers by The 
Conference Board, it was reported that 41% use flexible work arrangements. 
Suppose that of those companies that do not use flexible work arrangements, 10% 
give time off for volunteerism. In addition, suppose that of those companies that use 
flexible work arrangements, 60% give time off for volunteerism. If a company is 
randomly selected, determine the following probabilities: 
 



1. The company uses flexible work arrangements or gives time off for 

volunteerism. 

2. The company uses flexible work arrangements and does not give time off for 

volunteerism. 

3. Given that the company does not give time off for volunteerism, the company 

uses flexible work arrangements. 

4. The company does not use flexible work arrangements given that the 

company does give time off for volunteerism. 

5. The company does not use flexible work arrangements or the company does 

not give time off for volunteerism. 

Solution: 
1. The probability that a company uses flexible work arrangements or gives time 

off for volunteerism is 41% + (100% - 10% - 41%)*60% = 71%. 
2. The probability that a company uses flexible work arrangements and does not 

give time off for volunteerism is 41% * (100% - 60%) = 16.4%. 
3. Given that the company does not give time off for volunteerism, the 

probability that the company uses flexible work arrangements is 10% / (10% + 
(100% - 41% - 60%)) = 10% / 49% = 0.2040816326530612 

4. The probability that a company does not use flexible work arrangements given 
that the company does give time off for volunteerism is (100% - 41%) * (60%) 
/ (60% +10%) = 0.11764705882352941 

5. The probability that a company does not use flexible work arrangements or 
the company does not give time off for volunteerism is (100% - 41%) + (100% - 
41%) * (100% - 60%) = 59% 

 

4.50. A small independent physicians' practice has three doctors. Dr. Sarabia sees 

41% of the patients, Dr. Tran sees 32%, and Dr. Jackson sees the rest. Dr. Sarabia 

requests blood tests on 5% of her patients, Dr. Tran requests blood tests on 8% of his 

patients, and Dr. Jackson requests blood tests on 6% of her patients. An auditor 

randomly selects a patient from the past week and discovers that the patient had a 

blood test as a result of the physician visit. Knowing this information, what is the 

probability that the patient saw Dr. Sarabia? For what percentage of all patients at 

this practice are blood tests requested? 

 

Solution: 
To find the probability that the patient saw Dr. Sarabia, we use Bayes' Theorem, 
which states that P(A|B) = P(B|A) * P(A) / P(B), where A is the event that the patient 
saw Dr. Sarabia, B is the event that the patient had a blood test, P(A|B) is the 
probability that the patient saw Dr. Sarabia given that the patient had a blood test, 
P(B|A) is the probability that the patient had a blood test given that the patient saw 



Dr. Sarabia, P(A) is the probability that the patient saw Dr. Sarabia, and P(B) is the 
probability that the patient had a blood test. 
 
P(B) = P(B|A) * P(A) + P(B|A') * P(A') = 5% * 41% + 8% * 32% + 6% * 27% = 5%41% + 
8%32% + 6%(100% - 41% -32%) = 0.050.41 + 0.080.32 + 0.060.27 = 0.021+0.0256 + 
0.0162 = 0.0638 
 
P(A|B) = P(B|A) * P(A) / P(B) = (5% * 41%) / 0.0638 = 0.41/0.0638 = 6.44 
 
The probability that a blood test was requested for all patients is 5% * 41% + 8% * 
32% + 6% * 27% = 0.050.41 + 0.080.32 + 0.06*0.27 = 0.021+0.0256 + 0.0162 = 6.38% 
 
 
4.51. A survey by the Arthur Andersen Enterprise Group/National Small Business 
United attempted to determine what the leading challenges are for the growth and 
survival of small businesses. Although the economy and finding qualified workers 
were the leading challenges, several others were listed in the results of the study, 
including regulations, listed by 30% of the companies, and the tax burden, listed by 
35%. Suppose that 71% of the companies listing regulations as a challenge listed the 
tax burden as a challenge. Assume these percentages hold for all small businesses. If 
a small business is randomly selected, determine the following probabilities: 
 

1. The small business lists both the tax burden and regulations as a challenge. 

2. The small business lists either the tax burden or regulations as a challenge. 

3. The small business lists either the tax burden or regulations but not both as a 

challenge. 

4. The small business lists regulations as a challenge given that it lists the tax 

burden as a challenge. 

5. The small business does not list regulations as a challenge given that it lists the 

tax burden as a challenge. 

6. The small business does not list regulations as a challenge given that it does 

not list the tax burden as a challenge. 
 

Solution: 
1. The probability that a small business lists both the tax burden and regulations 

as a challenge is 35% * 30% = 10.5% 
2. The probability that a small business lists either the tax burden or regulations 

as a challenge is 35% + 30% - 10.5% = 54.5% 
3. The probability that a small business lists either the tax burden or regulations 

but not both as a challenge is 35% + 30% - 2*10.5% = 44% 
4. The probability that a small business lists regulations as a challenge given that 

it lists the tax burden as a challenge is 30% / 35% = 0.857 



5. The probability that a small business does not list regulations as a challenge 
given that it lists the tax burden as a challenge is (100% - 30%) / 35% = 0.143 

6. The probability that a small business does not list regulations as a challenge 
given that it does not list the tax burden as a challenge is (100% - 30%) / 
(100% - 35%) = 0.846 

 

4.52. According to U.S. Census Bureau figures, 34.0% of all Americans are in the 0–24 

age bracket, 13.3% are in the 25–34 age bracket, 13.3% are in the 35–44 age bracket, 

and 39.4% are in the 45 and older age bracket. A study by Jupiter Media Metrix 

determined that Americans use their leisure time in different ways according to age. 

For example, of those who are in the 45 and older age bracket, 39% read a book or a 

magazine more than 10 hours per week. Of those who are in the 0–24 age bracket, 

only 11% read a book or a magazine more than 10 hours per week. The percentage 

figures for reading a book or a magazine for more than 10 hours per week are 24% 

for the 25–34 age bracket and 27% the 35–44 age bracket. Suppose an American is 

randomly selected and it is determined that he or she reads a book or a magazine 

more than 10 hours per week. Revise the probabilities that he or she is in any given 

age category. Using these figures, what is the overall percentage of the U.S. 

population that reads a book or a magazine more than 10 hours per week? 

Solution: 
To revise the probabilities that the American is in any given age category, we use 
Bayes' Theorem, which states that P(A|B) = P(B|A) * P(A) / P(B), where A is the event 
that the American is in a certain age category, B is the event that the American reads 
a book or a magazine more than 10 hours per week, P(A|B) is the probability that the 
American is in a certain age category given that he or she reads a book or a magazine 
more than 10 hours per week, P(B|A) is the probability that the American reads a 
book or a magazine more than 10 hours per week given that he or she is in a certain 
age category, P(A) is the probability that the American is in a certain age category, 
and P(B) is the probability that the American reads a book or a magazine more than 
10 hours per week. 
P(B) = P(B|A) * P(A) + P(B|A') * P(A') 
 
P(B) = 0.39 * 0.394 + 0.24 * 0.133 + 0.27 * 0.133 + 0.11 * 0.34 
 
P(B) = 0.15366 
 
P(0-24 | B) = P(B|0-24) * P(0-24) / P(B) = 0.11 * 0.34 / 0.15366 = 0.096 
 
P(25-34 | B) = P(B|25-34) * P(25-34) / P(B) = 0.24 * 0.133 / 0.15366 = 0.2 
 
P(35-44 | B) = P(B|35-44) * P(35-44) / P(B) = 0.27 * 0.133 / 0.15366 = 0.2 
 



P(45+ | B) = P(B|45+) * P(45+) / P(B) = 0.39 * 0.394 / 0.15366 = 0.5 
 
The overall percentage of the U.S. population that reads a book or a magazine more 
than 10 hours per week is P(B) = 0.15366. 
 
4.53. A retail study by Deloitte revealed that 54% of adults surveyed believed that 
plastic, noncompostable shopping bags should be banned. Suppose 41% of adults 
regularly recycle aluminum cans and believe that plastic, noncompostable shopping 
bags should be banned. In addition, suppose that 60% of adults who do not believe 
that plastic, noncompostable shopping bags should be banned do recycle. If an adult 
is randomly selected, 
 

1. What is the probability that the adult recycles and does not believe that 

plastic, noncompostable shopping bags should be banned? 

2. What is the probability that the adult does recycle? 

3. What is the probability that the adult does recycle or does believe that plastic, 

noncompostable shopping bags should be banned? 

4. What is the probability that the adult does not recycle or does not believe that 

plastic, noncompostable shopping bags should be banned? 

5. What is the probability that the adult does not believe that plastic, 

noncompostable shopping bags should be banned given that the adult does 

recycle? 

Solution: 
1. To find the probability that the adult recycles and does not believe that plastic, 

noncompostable shopping bags should be banned, we need to find the probability of 
both events happening together. We are given that 41% of adults regularly recycle 
and that 60% of adults who do not believe that plastic, noncompostable shopping 
bags should be banned do recycle. We can find the probability of both events 
happening together by multiplying the probability of each event: (0.41)(0.60) = 0.246 
or 24.6%. 

2. To find the probability that the adult does recycle, we are given that 41% of adults 
regularly recycle and we can use this information. So the probability is 41% 

3. To find the probability that the adult does recycle or does believe that plastic, 
noncompostable shopping bags should be banned, we need to find the probability of 
either event happening. We can use the formula P(A or B) = P(A) + P(B) - P(A and B). 
We are given that 41% of adults regularly recycle and that 54% of adults believe that 
plastic, noncompostable shopping bags should be banned. We can find the 
probability of both events happening together by multiplying the probability of each 
event: (0.41)(0.54) = 0.2204 or 22.04%. So P(A or B) = P(A) + P(B) - P(A and B) = 0.41 + 
0.54 - 0.2204 = 0.7294 or 72.94% 

4. To find the probability that the adult does not recycle or does not believe that plastic, 
noncompostable shopping bags should be banned, we need to find the probability of 
either event happening. We are given that 41% of adults regularly recycle and that 
54% of adults believe that plastic, noncompostable shopping bags should be banned. 



We can find the probability of not recycling by subtracting the probability of recycling 
from 1: 1 - 0.41 = 0.59. We can find the probability of not believing in the ban by 
subtracting the probability of believing in the ban from 1: 1 - 0.54 = 0.46. We can find 
the probability of both events happening together by multiplying the probability of 
each event: (0.59)(0.46) = 0.2734 or 27.34%. 

5. To find the probability that the adult does not believe that plastic, noncompostable 
shopping bags should be banned given that the adult does recycle, we need to use 
Bayes' theorem. P(A|B) = P(B|A) * P(A) / P(B) where A is the event "does not believe 
that plastic, noncompostable shopping bags should be banned" and B is the event 
"does recycle". We are given that 60% of adults who do not believe that plastic, 
noncompostable shopping bags should be banned do recycle, and 41% of adults 
regularly recycle. So P(A|B) = (0.60) * (0.41) / (0.41) = 0.60 or 60%. 

 

4.54. Read each of the following statements. Assuming that statistical hypotheses 
are set up to test them, classify each as a one-tailed or a two-tailed test. 

1. Maritz Marketing Research reports that 42% of all adults seek advice from 

others in selecting a lawyer. A business researcher wants to test this claim. 

2. A study reported by Roper Starch Worldwide states that, on average, an 

influential person makes 5.8 recommendations about office equipment per 

year. You believe that this figure is too high and you want to test your belief. 

3. The results of a survey conducted by Purchasing revealed that the mean age 

of a purchasing manager is 46.2. This seems too young to you and you want to 

conduct a test to determine if the average age of a purchasing manager is 

older than 46.2. 

4. According to the U.S. Department of Labor Statistics Consumer Expenditure 

Survey, the average family spends $3,465 annually on meals at home. A 

business researcher would like to conduct a survey of families in her state to 

determine if this figure is true for her state, but she does not really have any 

idea whether or not the average might be higher or lower in her state. 

Solution: 

1. One-tailed test would not be appropriate because the researcher wants to 

test if the percentage of adults who seek advice from others in selecting a 

lawyer is different from 42% (the claim made by Maritz Marketing Research), 

without specifying whether it is higher or lower. So it is a two-tailed test. 

2. A one-tailed test (left-tailed) would be appropriate because the researcher 

wants to test if the number of recommendations made by an influential 

person is less than 5.8 (the claim made by Roper Starch Worldwide). 

3. A one-tailed test (right-tailed) would be appropriate because the researcher 

wants to test if the average age of a purchasing manager is older than 46.2 

(the claim made by Purchasing). 



4. A two-tailed test would be appropriate because the researcher wants to test if 

the average family spends $3,465 annually on meals at home in her state, 

without specifying whether it is higher or lower than the national average. 

 
4.55. In each of the following scenarios, tell if the researcher has committed a Type I 
error, a Type II error, or made a correct decision. 

1. A researcher is testing to determine if .31 of all families own more than one 

car. His null hypothesis is that the population proportion is .31. He randomly 

samples 600 families and obtains a sample proportion of .33 that own more 

than one car. Based on this sample data, his decision is to fail to reject the null 

hypothesis. The actual population proportion is .31. 

2. Suppose it is generally known that the average price per square foot for a 

home in a particular U.S. suburb is $73. A researcher believes that due to the 

economy, the average may now be less than that. To test her belief, she takes 

a random sample of 45 homes in this community, resulting in a sample mean 

of $70 per square foot. The researcher's decision based on this sample 

information is to fail to reject the null hypothesis. The actual average price per 

square foot is now $68. 

3. Suppose a utility researcher knows from past experience that the average 

water bill for a 2000-square-foot home in a large Midwest city is $25 per 

month. The utility researcher wants to test to determine if this figure is still 

true today. Her null hypothesis is that the population mean is $25. To test this, 

she randomly samples 63 homes, resulting in a sample mean of $29. From 

this, she decides to reject the null hypothesis. The actual average is $27. 

4. According to PR Newswire, 71% of all expectant mothers wish they had to go 

to only one source to get their baby information. Suppose in your region of 

the country, you think that this figure is too high so you conduct a test of 358 

expectant mothers. In your study, only 66% of the expectant mothers wish 

they had to go to only one source to get their baby information. Based on this, 

your decision is to reject the null hypothesis. It turns out that in actuality, 71% 

of all expectant mothers in your region of the country wish they had to go to 

only one source to get their information. 

Solution: 

1. The null hypothesis is that the population proportion of families owning 

more than one car is .31. The researcher samples 600 families and obtains 

a sample proportion of .33, which is not significantly different from .31 at 

the chosen level of significance. So, the researcher fails to reject the null 

hypothesis. Since the actual population proportion is .31, which is the 

same as the null hypothesis, there is no error. 



2. The researcher has committed a Type II error in this scenario. 

 

The researcher's null hypothesis is that the average price per square foot 

for a home in the community is $73. She takes a random sample of 45 

homes and finds a sample mean of $70, which is not significantly different 

from $73 at the chosen level of significance. So, the researcher fails to 

reject the null hypothesis, concluding that the average price per square 

foot has not changed. However, the actual average price per square foot is 

$68, which is less than $73. Because the researcher failed to reject the null 

hypothesis when it was actually false, this is a Type II error. 

3. The researcher has committed a Type I error in this scenario. 

 

The researcher's null hypothesis is that the average water bill for a 2000-

square-foot home in the city is $25 per month. She takes a random sample 

of 63 homes and finds a sample mean of $29, which is significantly 

different from $25 at the chosen level of significance. So, the researcher 

rejects the null hypothesis and concludes that the average water bill has 

changed. However, the actual average is $27, which is not significantly 

different from $25 at the chosen level of significance. Because the 

researcher rejected the null hypothesis when it was actually true, this is a 

Type I error. 

4. The researcher has made a correct decision in this scenario. 

 

The researcher's null hypothesis is that the percentage of expectant 

mothers wishing they had to go to only one source to get their baby 

information is 71%. In their study, only 66% of the expectant mothers wish 

they had to go to only one source to get their baby information. This is 

significantly different from the null hypothesis at the chosen level of 

significance, so the researcher correctly rejects the null hypothesis. Even 

though the actual percentage of expectant mothers wishing they had to go 

to only one source to get their baby information is 71%, which is the same 

as the null hypothesis, because the researcher's sample data is different 

enough from the null hypothesis to reject it, the researcher's decision is 

correct. 

 

 
4.56.a. Use the data given to test the following hypotheses. 
 
 



 
b. Use the p-value to reach a statistical conclusion. 

 

c. Using the critical value method, what are the critical sample mean values? 

 

Solution: 

1. To test the hypotheses, we can use a t-test for the mean, assuming that 

the population standard deviation is unknown. 

H0: μ = 25 

Ha: μ ≠ 25 

 

The test statistic is calculated as: 

t = (28.1 - 25) / (8.46 / √57) = 3.14 

 

The degrees of freedom for this t-test is df = 57-1 = 56 

 

Using a t-table or a calculator with the t-distribution function, we can find 

the p-value associated with a t-value of 3.14 and 56 degrees of freedom. 

The p-value is calculated as P-value = 2P(t > 3.14) = 2(1- P(t < 3.14)) = 2(1-

0.0016) = 0.0032. 

 

Since the calculated p-value (0.0032) is less than the level of significance 

(0.01), we reject the null hypothesis and conclude that the average water 

bill for a 2000-square-foot home in the city is not $25 per month. 

 

So, based on the data, the researcher can conclude that the mean of water 

bill is different than 25. 

2. The p-value is a measure of the evidence against the null hypothesis. A 

small p-value (typically less than 0.05) indicates strong evidence against 

the null hypothesis and in favor of the alternative hypothesis. 

 

In this case, the calculated p-value is 0.0032, which is less than the level 

of significance (0.01). This means that there is strong evidence against 

the null hypothesis that the average water bill for a 2000-square-foot 

home in the city is $25 per month, and in favor of the alternative 

hypothesis that the average water bill is different from $25. 



 

Therefore, the statistical conclusion is that the average water bill for a 

2000-square-foot home in the city is different from $25 per month. 

 
3. Using the critical value method, the critical sample mean values are 

determined by identifying the critical values of the test statistic that 
correspond to a given level of significance. The critical values are 
determined by using a t-table or a calculator with the t-distribution 
function, and depend on the number of degrees of freedom (n-1) and 
the level of significance (α). 
 
For example, if the level of significance is 0.01, and the degrees of 
freedom is 57-1 = 56, the critical values can be found by looking up the 
t-value in a t-table or by calculating it using a calculator with the t-
distribution function. The critical values can be defined as the point 
beyond which the t-value is unlikely to occur if the null hypothesis is 
true. 
 
The critical value can be written as ±t* 
 
For a two-tailed test with a level of significance of 0.01 and df = 56, the 
critical values can be found to be -2.65 and 2.65. 
 
So, the critical sample mean values are μ - t* (S/√n) and μ + t* (S/√n) 
where μ is the hypothesized population mean, S is the sample standard 
deviation, and n is the sample size. 
 
In this case: 
critical sample mean values = 25 - 2.65 * (8.46 / √57) = 25 - 2.65 * (0.85) 
= 23.14 and 25 + 2.65 * (0.85) = 26.86. 
 
So, any sample mean that falls outside of the range of 23.14 and 26.86 
would be considered statistically significant at the 0.01 level. 

 
4.57. Use the data given to test the following hypotheses. Assume the data are 
normally distributed in the population. 
 
 

 



Solution: 
 
To test the hypotheses, we can use a t-test for the mean, assuming that the 
population standard deviation is unknown. 
 
H0: μ = 7.48 
Ha: μ < 7.48 
 
The test statistic is calculated as: 
t = (6.91 - 7.48) / (1.21 / √24) = -2.63 
 
The degrees of freedom for this t-test is df = 24-1 = 23 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of -2.63 and 23 degrees of freedom. The p-value is 
calculated as P-value = P(t < -2.63) = 0.0098. 
 
Since the calculated p-value (0.0098) is less than the level of significance (0.01), 
we reject the null hypothesis and conclude that the mean of the population is less 
than 7.48. 
 
So, based on the data, the researcher can conclude that the mean of the 
population is less than 7.48 at 0.01 level of significance. 
 
4.58.a. Use the data given to test the following hypotheses. 
 

 
 
b. Use the p-value to obtain the results. 
 
c. Solve for the critical value required to reject the mean. 
 
Solution: 

1. To test the hypotheses, we can use a t-test for the mean, assuming that 
the population standard deviation is known. 

 
H0: μ = 1200 
Ha: μ > 1200 

 
The test statistic is calculated as: 



t = (1215 - 1200) / (100 / √113) = 1.57 
 

The degrees of freedom for this t-test is df = 113 
 

Using a t-table or a calculator with the t-distribution function, we can find the 
p-value associated with a t-value of 1.57 and 113 degrees of freedom. The p-
value is calculated as P-value = P(t > 1.57) = 1-P(t<1.57) = 1-0.0605 = 0.9395 

 
Since the calculated p-value (0.9395) is greater than the level of significance 
(0.10), we fail to reject the null hypothesis and conclude that the mean of the 
population is not greater than 1200. 

 
So, based on the data, the researcher cannot conclude that the mean of the 
population is greater than 1200 at 0.10 level of significance. 

2. The p-value represents the probability of observing a test statistic as extreme 
or more extreme than the one computed from the sample data, assuming the 
null hypothesis is true. A small p-value (typically less than 0.05) indicates 
strong evidence against the null hypothesis, while a large p-value (greater 
than 0.05) indicates weak evidence against the null hypothesis. 
 
In this case, the calculated p-value is 0.9395, which is greater than the level of 
significance (0.10). This means that there is weak evidence against the null 
hypothesis that the mean of the population is not greater than 1200. 
 
Therefore, the statistical conclusion is that we fail to reject the null hypothesis 
and the mean of the population is not statistically different than 1200 at 0.10 
level of significance. 

3. The critical value is the point on the test distribution that marks the boundary 
between the region where the null hypothesis is accepted and the region where 
the null hypothesis is rejected. 
 
When testing a hypothesis about the population mean using a t-test, the critical 
value is calculated based on the level of significance (alpha) and the degrees of 
freedom (n-1). The critical value is the t-value that corresponds to the chosen 
level of significance. 
 
For example, if the level of significance is 0.10 and the degrees of freedom is 113, 
the critical value for a one-tailed test can be found by looking up the t-value in a 
t-table or by calculating it using a calculator with the t-distribution function. 
 
For a one-tailed test with a level of significance of 0.10 and df = 113, the critical 
value can be found to be 1.645. 
 



So, to reject the null hypothesis that the population mean is equal to 1200, the 
sample mean would have to be greater than 1.645 standard errors away from the 
hypothesized population mean of 1200. 
 
So the critical value for this test would be μ + t* (S/√n) where μ is the 
hypothesized population mean, S is the population standard deviation, t* is the 
critical value and n is the sample size. 
 
In this case: 
critical value = 1200 + 1.645 * (100 / √113) = 1200 + 1.645 * (10) = 1216.45 
 
So, to reject the null hypothesis that the population mean is equal to 1200, the 
sample mean would have to be greater than 1216.45. As the sample mean is 
1215, this value falls short of the critical value, so the null hypothesis cannot be 
rejected. 
 

4.59. The Environmental Protection Agency releases figures on urban air soot in 
selected cities in the United States. For the city of St. Louis, the EPA claims that the 
average number of micrograms of suspended particles per cubic meter of air is 82. 
Suppose St. Louis officials have been working with businesses, commuters, and 
industries to reduce this figure. These city officials hire an environmental company to 
take random measures of air soot over a period of several weeks. The resulting data 
follow. Assume that the population standard deviation is 9.184. Use these data to 
determine whether the urban air soot in St. Louis is significantly lower than it was 
when the EPA conducted its measurements. Let α = .01. If the null hypothesis is 
rejected, discuss the substantive hypothesis. 
 

81.6 66.6 70.9 82.5 58.3 71.6 72.4 

96.6 78.6 76.1 80.0 73.2 85.5 73.2 

68.6 74.0 68.7 83.0 86.9 94.9 75.6 

77.3 86.6 71.7 88.5 87.0 72.5 83.0 

85.8 74.9 61.7 92.2 
   

 



Solution: 
To determine whether the urban air soot in St. Louis is significantly lower than it was 
when the EPA conducted its measurements, we can use a t-test for the mean, 
assuming that the population standard deviation is known. 
 
H0: μ = 82 (average number of micrograms of suspended particles per cubic meter of 
air is 82, as reported by the EPA) 
Ha: μ < 82 (average number of micrograms of suspended particles per cubic meter of 
air is less than 82) 
 
The sample mean, standard deviation and sample size are: 
 
Sample Mean = (81.6 + 66.6 + 70.9 + 82.5 + 58.3 + 71.6 + 72.4 + 96.6 + 78.6 + 76.1 + 
80.0 + 73.2 + 85.5 + 73.2 + 68.6 + 74.0 + 68.7 + 83.0 + 86.9 + 94.9 + 75.6 + 77.3 + 86.6 
+ 71.7 + 88.5 + 87.0 + 72.5 + 83.0 + 85.8 + 74.9 + 61.7 + 92.2) / 35 = 76.9 
 
Sample Standard Deviation = 9.184 
Sample Size = 35 
 
The test statistic is calculated as: 
t = (76.9 - 82) / (9.184 / √35) = -2.53 
 
The degrees of freedom for this t-test is df = 35-1 = 34 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of -2.53 and 34 degrees of freedom. The p-value is 
calculated as P-value = P(t < -2.53) = 0.0098 
 
Since the calculated p-value (0.0098) is less than the level of significance (0.01), we 
reject the null hypothesis and conclude that the mean of the population is less than 
82. 
 
So, based on the data, the researcher can conclude that the mean of the population 
is less than 82 at 0.01 level of significance. Therefore, the Urban air soot in St. Louis is 
lower than it was when the EPA conducted its measurements. 
 
4.60. According to the U.S. Bureau of Labor Statistics, the average weekly earnings of 
a production worker in manufacturing in the United States as of October 2014 was 
$827.27. Suppose a labor researcher wants to test to determine whether this figure 
is still accurate today. The researcher randomly selects 54 production workers from 
across the United States and obtains a representative earnings statement for one 
week from each worker. The resulting sample average is $843.56. Assuming a 
population standard deviation of $63.90 and a 5% level of significance, determine 



whether the mean weekly earnings of a production worker have changed. 
 
Solution: 
To determine whether the mean weekly earnings of a production worker have 
changed, we can use a t-test for the mean, assuming that the population standard 
deviation is known. 
 
H0: μ = 827.27 (the average weekly earnings of a production worker in 
manufacturing in the United States is $827.27) 
Ha: μ ≠ 827.27 (the average weekly earnings of a production worker in 
manufacturing in the United States is not $827.27) 
 
The sample mean, sample size and population standard deviation are: 
 
Sample Mean = $843.56 
Sample Size = 54 
Population Standard Deviation = $63.90 
 
The test statistic is calculated as: 
t = (843.56 - 827.27) / (63.90 / √54) = 2.10 
 
The degrees of freedom for this t-test is df = 54-1 = 53 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of 2.10 and 53 degrees of freedom. The p-value is 
calculated as P-value = P(t > 2.10) = 1-P(t<2.10) = 1-0.037 = 0.963 
 
Since the calculated p-value (0.963) is greater than the level of significance (0.05), we 
fail to reject the null hypothesis and conclude that the mean of the population is not 
different than 827.27. 
 
So, based on the data, the researcher cannot conclude that the mean of the 
population is different than 827.27 at 0.05 level of significance. Therefore, the 
researcher can infer that the mean weekly earnings of a production worker have not 
changed from the U.S. Bureau of Labor Statistics figures as of October 2014. 
 
4.61. According to a study several years ago by the Personal Communications 
Industry Association, the average cell phone user earns $62,600 per year. Suppose a 
researcher believes that the average annual earnings of a cell phone user are lower 
now, and he sets up a study in an attempt to prove his theory. He randomly samples 
18 cell phone users and finds out that the average annual salary for this sample is 
$58,974, with a population standard deviation of $7,810. Use α = .01 to test the 



researcher's theory. Assume wages of cell phone users are normally distributed in 
the population. 
 
Solution: 
To test the researcher's theory that the average annual earnings of a cell phone user 
are lower now, we can use a t-test for the mean, assuming that the population 
standard deviation is known. 
 
H0: μ = $62,600 (the average annual earnings of a cell phone user is $62,600) 
Ha: μ < $62,600 (the average annual earnings of a cell phone user is less than 
$62,600) 
 
The sample mean, sample size and population standard deviation are: 
Sample Mean = $58,974 
Sample Size = 18 
Population Standard Deviation = $7,810 
 
The test statistic is calculated as: 
t = ($58,974 - $62,600) / ($7,810 / √18) = -3.32 
 
The degrees of freedom for this t-test is df = 18-1 = 17 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of -3.32 and 17 degrees of freedom. The p-value is 
calculated as P-value = P(t < -3.32) = 0.0024 
 
Since the calculated p-value (0.0024) is less than the level of significance (0.01), we 
reject the null hypothesis and conclude that the mean of the population is less than 
$62,600. 
 
So, based on the data, the researcher can conclude that the mean of the population 
is less than $62,600 at 0.01 level of significance. Therefore, the researcher's theory 
that the average annual earnings of a cell phone user are lower now is supported by 
the data. 
 
4.62. A manufacturing company produces valves in various sizes and shapes. One 
particular valve plate is supposed to have a tensile strength of 5 pounds per 
millimeter (lbs/mm). The company tests a random sample of 42 such valve plates 
from a lot of 650 valve plates. The sample mean is a tensile strength of 5.0611 
lbs/mm, and the population standard deviation is 0.2803 lbs/mm. Use α = .10 and 
test to determine whether the lot of valve plates has an average tensile strength of 5 
lbs/mm. 
 



Solution: 
To test whether the lot of valve plates has an average tensile strength of 5 lbs/mm, 
we can use a t-test for the mean, assuming that the population standard deviation is 
known. 
 
H0: μ = 5 (the average tensile strength of the valve plates is 5 lbs/mm) 
Ha: μ ≠ 5 (the average tensile strength of the valve plates is not 5 lbs/mm) 
 
The sample mean, sample size and population standard deviation are: 
Sample Mean = 5.0611 lbs/mm 
Sample Size = 42 
Population Standard Deviation = 0.2803 lbs/mm 
 
The test statistic is calculated as: 
t = (5.0611 - 5) / (0.2803 / √42) = 2.17 
 
The degrees of freedom for this t-test is df = 42-1 = 41 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of 2.17 and 41 degrees of freedom. The p-value is 
calculated as P-value = P(t > 2.17) = 0.0317 
 
Since the calculated p-value (0.0317) is less than the level of significance (0.10), we 
reject the null hypothesis and conclude that the mean tensile strength of the valve 
plates is not 5 lbs/mm. 
 
So, based on the data, the researcher can conclude that the mean of the population 
is not equal to 5 lbs/mm at 0.10 level of significance. Therefore, the lot of valve 
plates does not have an average tensile strength of 5 lbs/mm. 
 
 
4.63. According to a report released by CIBC entitled “Women Entrepreneurs: 
Leading the Charge,” the average age for Canadian businesswomen in 2008 was 41. 
In the report, there was some indication that researchers believed that this mean 
age will increase. Suppose now, a few years later, business researchers in Canada 
want to test to determine if, indeed, the mean age of Canadian businesswomen has 
increased. The researchers randomly sample 97 Canadian businesswomen and 
ascertain that the sample mean age is 43.4. From past experience, it is known that 
the population standard deviation is 8.95. Test to determine if the mean age of 
Canadian businesswomen has increased using a 1% level of significance. What is the 
p-value for this test? What is the decision? If the null hypothesis is rejected, is the 
result substantive? 
 



Solution: 
To test if the mean age of Canadian businesswomen has increased, we can use a t-
test for the mean, assuming that the population standard deviation is known. 
 
H0: μ = 41 (the average age of Canadian businesswomen is 41) 
Ha: μ > 41 (the average age of Canadian businesswomen is greater than 41) 
 
The sample mean, sample size and population standard deviation are: 
Sample Mean = 43.4 
Sample Size = 97 
Population Standard Deviation = 8.95 
 
The test statistic is calculated as: 
t = (43.4 - 41) / (8.95 / √97) = 2.95 
 
The degrees of freedom for this t-test is df = 97-1 = 96 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of 2.95 and 96 degrees of freedom. The p-value is 
calculated as P-value = P(t > 2.95) = 0.0024 
 
Since the calculated p-value (0.0024) is less than the level of significance (0.01), we 
reject the null hypothesis and conclude that the mean age of Canadian 
businesswomen is greater than 41. 
 
So, based on the data, the researcher can conclude that the mean of the population 
is greater than 41 at 0.01 level of significance. Therefore, the mean age of Canadian 
businesswomen has indeed increased. The result is substantive, as it has a 
meaningful impact on the real-world. 
 
4.64. According to HowtoAdvice.com, the average price charged to a customer to 
have a 12′ by 18′ wall-to-wall carpet shampoo cleaned is about $50. Suppose that a 
start-up carpet-cleaning company believes that in the region in which it operates, the 
average price for this service is higher. To test this hypothesis, the carpet-cleaning 
company randomly contacts 23 customers who have recently had a 12′ by 18′ wall-to-
wall carpet shampoo cleaned and asks the customers how much they were charged 
for the job. Suppose the resulting data are given below and that the population 
standard deviation price is $3.49. Use a 10% level of significance to test the 
hypothesis. Assume that such prices are normally distributed in the population. What 
is the observed value? What is the p-value? What is the decision? If the null 
hypothesis is rejected, is the result substantive? 
 

$52 52 56 50 50 51 49 49 54 51 51 48 



 56 52 52 53 56 52 52 56 57 48 53 
 

 
Solution: 
To test if the average price for carpet cleaning service is higher in the region in which 
the carpet-cleaning company operates, we can use a t-test for the mean, assuming 
that the population standard deviation is known. 
 
H0: μ = 50 (the average price for carpet cleaning service is $50) 
Ha: μ > 50 (the average price for carpet cleaning service is greater than $50) 
 
The sample mean, sample size, population standard deviation and level of 
significance are: 
Sample Mean = 52.61 
Sample Size = 23 
Population Standard Deviation = 3.49 
Level of significance = 0.10 
 
The test statistic is calculated as: 
t = (52.61 - 50) / (3.49 / √23) = 2.21 
 
The degrees of freedom for this t-test is df = 23-1 = 22 
 
Using a t-table or a calculator with the t-distribution function, we can find the p-
value associated with a t-value of 2.21 and 22 degrees of freedom. The p-value is 
calculated as P-value = P(t > 2.21) = 0.0433 
 
Since the calculated p-value (0.0433) is greater than the level of significance (0.10), 
we fail to reject the null hypothesis and conclude that there is not enough evidence 
to suggest that the average price for carpet cleaning service is greater than $50. 
 
So, based on the data, the researcher cannot conclude that the mean of the 
population is greater than 50 at 0.10 level of significance. Therefore, the result is not 
substantive as it fails to find a meaningful impact on the real-world. 
 
4.65. The American Water Works Association estimates that the average person in 
the United States uses 123 gallons of water per day. Suppose some researchers 
believe that more water is being used now and want to test to determine whether 
this is so. They randomly select a sample of Americans and carefully keep track of the 
water used by each sample member for a day, then analyze the results by using a 
statistical computer software package. The output is given here. Assume α = .05. 
How many people were sampled? What were the sample mean? Was this a one- or 
two-tailed test? What was the result of the study? What decision could be stated 
about the null hypothesis from these results? 



Solution: 
It seems that there is not enough information provided to answer the question. To conduct a 
statistical analysis, we would need to know the sample mean, sample size, population 
standard deviation, and the level of significance. With this information, we could determine 
the test statistic, p-value and make a conclusion about the null hypothesis. 
 

4.66. A random sample of size 20 is taken, resulting in a sample mean of 16.45 and a 
sample standard deviation of 3.59. Assume x is normally distributed and use this 
information and α = .05 to test the following hypotheses. 

 
 
Solution: 
To test the hypotheses, we can use a one-sample t-test. The test statistic for this test 
is calculated as: 
 
t = (x̄ - μ) / (s / √n) 
 
where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, the test statistic would be: 
 
t = (16.45 - 16) / (3.59 / √20) = 0.87 
 
We can then use this value to find the p-value for the test. Since we are testing for a 
mean less than 16, this would be a one-tailed test and we would use the lower tail of 
the t-distribution. 
 
Using a t-table or a calculator, we find that the p-value is approximately 0.39. 
 
Since the p-value (0.39) is greater than the level of significance (α = 0.05), we fail to 
reject the null hypothesis. This means that there is not enough evidence to suggest 
that the population mean is less than 16. 
 
The probability of committing a Type II error is related to the power of the test which 
is 1-β, where β is the probability of failing to reject the null hypothesis when it is 
false. The probability of a type II error will be higher if the sample size is smaller or 
the difference between the true mean and the hypothesized mean is smaller. 
 
4.67. A random sample of 51 items is taken, with �¯=58.42 and s2 = 25.68. Use these 
data to test the following hypotheses, assuming you want to take only a 1% risk of 



committing a Type I error and that x is normally distributed. 
 

 
 
Solution: 
 
To test the hypotheses, we can use a t-test for the mean with a significance level of 
0.01 (1%). We can use the sample mean and standard deviation to calculate the t-
value and compare it to the critical t-value from the t-distribution table to determine 
whether to reject or fail to reject the null hypothesis. 
 
The formula for the t-value is: 
(sample mean - hypothesized mean) / (sample standard deviation / sqrt(sample size)) 
 
In this case, the t-value is: 
(58.42 - 60) / (sqrt(25.68) / sqrt(51)) = -2.24 
 
Using a t-distribution table with 49 degrees of freedom (sample size - 1) and a 
significance level of 0.01, the critical t-value is -2.821. 
 
Since the calculated t-value of -2.24 is greater than the critical t-value of -2.821, we 
fail to reject the null hypothesis. This means that there is not enough evidence to 
suggest that the true population mean is less than 60. 
 
4.68. The following data were gathered from a random sample of 11 items. 
 

1200 1175 1080 1275 1201 1387 

1090 1280 1400 1287 1225 
 

 
Use these data and a 5% level of significance to test the following hypotheses, 
assuming that the data come from a normally distributed population. 
 

 
 

Solution: 
To test the hypotheses, we can use a t-test for the mean with a significance level of 
0.05 (5%). We can use the sample mean and standard deviation to calculate the t-



value and compare it to the critical t-value from the t-distribution table to determine 
whether to reject or fail to reject the null hypothesis. 
 
The formula for the t-value is: 
(sample mean - hypothesized mean) / (sample standard deviation / sqrt(sample size)) 
 
In this case, we can use the sample data to find the sample mean and standard 
deviation. Sample mean is: 
(1200+1175+1080+1275+1201+1387+1090+1280+1400+1287+1225)/11 = 1232.909 
Sample standard deviation can be calculated as: sqrt(((1200-1232.909)^2+(1175-
1232.909)^2+...)/10) = 128.912 
 
The t-value is: 
(sample mean - hypothesized mean) / (sample standard deviation / sqrt(sample size)) 
= (1232.909 - 1160) / (128.912 / sqrt(11)) = 2.33 
 
Using a t-distribution table with 10 degrees of freedom (sample size - 1) and a 
significance level of 0.05, the critical t-value is 1.833. 
 
Since the calculated t-value of 2.33 is greater than the critical t-value of 1.833, we 
reject the null hypothesis. This means that there is enough evidence to suggest that 
the true population mean is greater than 1160. 
  
4.69. The following data (in pounds), which were selected randomly from a normally 
distributed population of values, represent measurements of a machine part that is 
supposed to weigh, on average, 8.3 pounds. 
 

8.1 8.4 8.3 8.2 8.5 8.6 8.4 8.3 8.4 8.2 

8.8 8.2 8.2 8.3 8.1 8.3 8.4 8.5 8.5 8.7 

 
Use these data and α = .01 to test the hypothesis that the parts average 8.3 pounds. 
Solution: 
To test the hypothesis that the parts average 8.3 pounds at the 1% significance level, 
we can use a t-test. This test compares the sample mean to the hypothesized 
population mean (in this case, 8.3 pounds) and takes into account the sample size 
and standard deviation. 
 
First, we need to calculate the sample mean (x̄) and standard deviation (s) for the 
data set given. 
 
Sample Mean: 
(8.1+8.4+8.3+8.2+8.5+8.6+8.4+8.3+8.4+8.2+8.8+8.2+8.2+8.3+8.1+8.3+8.4+8.5+8.5+8.
7) / 20 = 8.34 



 
Sample Standard Deviation: sqrt(((8.1-8.34)^2 + (8.4-8.34)^2 + (8.3-8.34)^2 + .... + 
(8.7-8.34)^2 ) / 19 ) = 0.16 
 
Now that we have the sample mean and sample standard deviation, we can calculate 
the t-statistic using the formula: 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, t = (8.34 - 8.3) / (0.16 / √20) = 1.8 
 
Next, we need to determine the critical value for t at the 1% significance level. To do 
this, we can use a t-table. With a sample size of 20 and a significance level of 1%, the 
critical value is approximately 2.821. 
 
Since the calculated t-value of 1.8 is less than the critical value of 2.821, we fail to 
reject the null hypothesis that the parts average 8.3 pounds. 
 
In conclusion, the data do not provide strong evidence to suggest that the parts 
weigh differently than 8.3 pounds on average. 
 
4.70. A hole-punch machine is set to punch a hole 1.84 centimeters in diameter in a 
strip of sheet metal in a manufacturing process. The strip of metal is then creased 
and sent on to the next phase of production, where a metal rod is slipped through 
the hole. It is important that the hole be punched to the specified diameter of 1.84 
cm. To test punching accuracy, technicians have randomly sampled 12 punched holes 
and measured the diameters. The data (in centimeters) follow. Use an alpha of .10 to 
determine whether the holes are being punched an average of 1.84 centimeters. 
Assume the punched holes are normally distributed in the population. 
 

1.81 1.89 1.86 1.83 

1.85 1.82 1.87 1.85 

1.84 1.86 1.88 1.85 

 
Solution: 
To test whether the holes are being punched an average of 1.84 centimeters at the 
10% significance level, we can use a t-test. This test compares the sample mean to 
the hypothesized population mean (in this case, 1.84 centimeters) and takes into 
account the sample size and standard deviation. 
 



First, we need to calculate the sample mean (x̄) and standard deviation (s) for the 
data set given. 
 
Sample Mean: (1.81+1.89+1.86+1.83+1.85+1.82+1.87+1.85+1.84+1.86+1.88+1.85) / 
12 = 1.85 
 
Sample Standard Deviation: sqrt(((1.81-1.85)^2 + (1.89-1.85)^2 + (1.86-1.85)^2 + 
(1.83-1.85)^2 + (1.85-1.85)^2 + (1.82-1.85)^2 + (1.87-1.85)^2 + (1.85-1.85)^2 + (1.84-
1.85)^2 + (1.86-1.85)^2 + (1.88-1.85)^2 + (1.85-1.85)^2 ) / 11 ) = 0.03 
 
Now that we have the sample mean and sample standard deviation, we can calculate 
the t-statistic using the formula: 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, t = (1.85 - 1.84) / (0.03 / √12) = 2.5 
 
Next, we need to determine the critical value for t at the 10% significance level. To 
do this, we can use a t-table. With a sample size of 12 and a significance level of 10%, 
the critical value is approximately 1.796. 
 
Since the calculated t-value of 2.5 is greater than the critical value of 1.796, we can 
reject the null hypothesis that the holes are being punched an average of 1.84 
centimeters. 
 
In conclusion, the data provide evidence to suggest that the holes are not being 
punched to an average of 1.84 centimeters, and further investigation is needed to 
identify the cause of the discrepancy. 
 
4.71. Suppose a study reports that the average price for a gallon of self-serve regular 
unleaded gasoline is $3.76. You believe that the figure is higher in your area of the 
country. You decide to test this claim for your part of the United States by randomly 
calling gasoline stations. Your random survey of 25 stations produces the following 
prices. 
 

$3.87 $3.89 $3.76 $3.80 $3.97 

3.80 3.83 3.79 3.80 3.84 

3.76 3.67 3.87 3.69 3.95 

3.75 3.83 3.74 3.65 3.95 

3.81 3.74 3.74 3.67 3.70 



 
Assume gasoline prices for a region are normally distributed. Do the data you 
obtained provide enough evidence to reject the null hypothesis? Use a 1% level of 
significance. 
 
Solution: 
To test whether the average price for a gallon of self-serve regular unleaded gasoline 
is higher in your area of the country than the reported average of $3.76, we can use 
a t-test. This test compares the sample mean to the hypothesized population mean 
(in this case, $3.76) and takes into account the sample size and standard deviation. 
 
First, we need to calculate the sample mean (x̄) and standard deviation (s) for the 
data set given. 
 
Sample Mean: 
(3.87+3.89+3.76+3.80+3.97+3.80+3.83+3.79+3.80+3.84+3.76+3.67+3.87+3.69+3.95+
3.75+3.83+3.74+3.65+3.95+3.81+3.74+3.74+3.67+3.70) / 25 = 3.787 
 
Sample Standard Deviation: sqrt(((3.87-3.787)^2 + (3.89-3.787)^2 + (3.76-3.787)^2 + 
(3.80-3.787)^2 + (3.97-3.787)^2 + (3.80-3.787)^2 + (3.83-3.787)^2 + (3.79-3.787)^2 + 
(3.80-3.787)^2 + (3.84-3.787)^2 + (3.76-3.787)^2 + (3.67-3.787)^2 + (3.87-3.787)^2 + 
(3.69-3.787)^2 + (3.95-3.787)^2 + (3.75-3.787)^2 + (3.83-3.787)^2 + (3.74-3.787)^2 + 
(3.65-3.787)^2 + (3.95-3.787)^2 + (3.81-3.787)^2 + (3.74-3.787)^2 + (3.74-3.787)^2 + 
(3.67-3.787)^2 + (3.70-3.787)^2 ) / 24 ) = 0.081 
 
Now that we have the sample mean and sample standard deviation, we can calculate 
the t-statistic using the formula: 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, t = (3.787 - 3.76) / (0.081 / √25) = 2.5 
 
Next, we need to determine the critical value for t at the 1% significance level. To do 
this, we can use a t-table. With a sample size of 25 and a significance level of 1%, the 
critical value is approximately -2.602. 
 
Since the calculated t-value of 2.5 is greater than the critical value of -2.602, we can 
reject the null hypothesis that the average price for a gallon of self-serve regular 
unleaded gasoline is $3.76 in your area of the country. 
 



In conclusion, the data provide evidence to suggest that the average price for a 
gallon of self-serve regular unleaded gasoline is higher in your area of the country 
than the reported average of $3.76, at a 1% level of significance. This suggests that 
further investigation is needed to determine the reason for the discrepancy in prices 
and to confirm the findings with a larger sample size. 
 
4.72. Suppose that in past years the average price per square foot for warehouses in 
the United States has been $32.28. A national real estate investor wants to 
determine whether that figure has changed now. The investor hires a researcher 
who randomly samples 49 warehouses that are for sale across the United States and 
finds that the mean price per square foot is $31.67, with a sample standard deviation 
of $1.29. Assume that prices of warehouse footage are normally distributed in 
population. If the researcher uses a 5% level of significance, what statistical 
conclusion can be reached? What are the hypotheses? 
 
Solution: 
The researcher wants to determine whether the average price per square foot for 
warehouses in the United States has changed from $32.28. To test this, the 
researcher can use a t-test for the mean. 
 
The null hypothesis is that the average price per square foot for warehouses in the 
United States is $32.28. The alternative hypothesis is that the average price per 
square foot for warehouses in the United States is different from $32.28. 
 
To test these hypotheses, the researcher can calculate the t-statistic using the 
sample mean, sample standard deviation, and hypothesized population mean, and 
the sample size. 
 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean ($31.67), μ is the population mean ($32.28), s is the 
sample standard deviation ($1.29), and n is the sample size (49) 
 
t = (31.67 - 32.28) / (1.29/√49) = -2.3 
 
Next, the researcher can determine the critical value for t at the 5% significance 
level. To do this, the researcher can use a t-table. With a sample size of 49 and a 
significance level of 5%, the critical value is approximately -1.645. 
 
Since the calculated t-value of -2.3 is less than the critical value of -1.645, we can 
reject the null hypothesis that the average price per square foot for warehouses in 
the United States is $32.28. 
 



In conclusion, based on the sample data, there is enough evidence to suggest that 
the average price per square foot for warehouses in the United States has changed 
from $32.28 at a 5% level of significance. 
 
4.73. Major cities around the world compete with each other to attract new 
businesses. Some of the criteria that businesses use to judge cities as potential 
locations for their headquarters might include the labor pool; the environment, 
including work, governmental, and living; the tax structure; the availability of 
skilled/educated labor; housing; education; medical care; and others. Suppose in a 
study done several years ago, the city of Atlanta received a mean rating of 3.51 (on a 
scale of 1 to 5 and assuming an interval level of data) on housing, but that since that 
time, considerable residential building has occurred in the Atlanta area such that city 
leaders feel the mean might now be higher. They hire a team of researchers to 
conduct a survey of businesses around the world to determine how businesses now 
rate the city on housing (and other variables). Sixty-one businesses take part in the 
new survey, with a result that Atlanta receives a mean response of 3.72 on housing 
with a sample standard deviation of 0.65. Assuming that such responses are normally 
distributed, use a 1% level of significance and these data to test to determine if the 
mean housing rating for the city of Atlanta by businesses has significantly increased. 
 
Solution: 
 
The null hypothesis in this case is that the mean housing rating for the city of Atlanta 
by businesses is still 3.51. The alternative hypothesis is that the mean housing rating 
for the city of Atlanta by businesses has significantly increased from 3.51. 
 
To test these hypotheses, we can use a t-test for the mean. The t-statistic can be 
calculated using the sample mean, sample standard deviation, hypothesized 
population mean and sample size. 
 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean (3.72), μ is the population mean (3.51), s is the sample 
standard deviation (0.65), and n is the sample size (61) 
 
t = (3.72 - 3.51) / (0.65 / √61) = 3.2 
 
Next, we need to determine the critical value for t at the 1% significance level. To do 
this, we can use a t-table. With a sample size of 61 and a significance level of 1%, the 
critical value is approximately -2.601. 
 



Since the calculated t-value of 3.2 is greater than the critical value of -2.601, we can 
reject the null hypothesis that the mean housing rating for the city of Atlanta by 
businesses is still 3.51. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that 
the mean housing rating for the city of Atlanta by businesses has significantly 
increased from 3.51 at a 1% level of significance. 
 
4.74. Based on population figures and other general information on the U.S. 
population, suppose it has been estimated that, on average, a family of four in the 
United States spends about $1,135 annually on dental procedures. Suppose further 
that a regional dental association wants to test to determine if this figure is accurate 
for its area of the country. To test this, 22 families of four are randomly selected 
from the population in that area of the country and a log is kept of the family's 
dental expenditures for one year. The resulting data are given below. Assuming that 
dental expenditures are normally distributed in the population, use the data and an 
alpha of .05 to test the dental association's hypothesis. 
 

1008 812 1117 1323 1308 1415 

831 1021 1287 851 930 730 

699 872 913 944 954 987 

1695 995 1003 994 
  

 
Solution: 
To test whether the average annual dental expenditure for families of four in the 
regional area of the country is $1,135, the dental association can use a t-test. This 
test compares the sample mean to the hypothesized population mean (in this case, 
$1,135) and takes into account the sample size and standard deviation. 
 
First, we need to calculate the sample mean (x̄) and standard deviation (s) for the 
data set given. 
 
Sample Mean: 
(1008+812+1117+1323+1308+1415+831+1021+1287+851+930+730+699+872+913+9
44+954+987+1695+995+1003+994) / 22 = 1058.27 
 
Sample Standard Deviation: sqrt(((1008-1058.27)^2 + (812-1058.27)^2 + (1117-

1058.27)^2 + (1323-1058.27)^2 + (1308-1058.27)^2 + (1415-1058.27)^2 + (831-

1058.27)^2 + (1021- 1058.27)^2 + (1287-1058.27)^2 + (851-1058.27)^2 + (930-

1058.27)^2 + (730-1058.27)^2 + (699-1058.27)^2 + (872-1058.27)^2 + (913-

1058.27)^2 + (944-1058.27)^2 + (954-1058.27)^2 + (987-1058.27)^2 + (1695-

1058.27)^2 + (995-1058.27)^2 + (1003-1058.27)^2 + (994-1058.27)^2 ) / 21 ) = 251.3 



 
Now that we have the sample mean and sample standard deviation, we can calculate 
the t-statistic using the formula: t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, t = (1058.27 - 1135) / (251.3 / √22) = -2.3 
 
Next, we need to determine the critical value for t at the .05 significance level. To do 
this, we can use a t-table. With a sample size of 22 and a significance level of .05, the 
critical value is approximately -1.645. 
 
Since the calculated t-value of -2.3 is less than the critical value of -1.645, we fail to 
reject the null hypothesis that the average annual dental expenditure for families of 
four in the regional area of the country is $1,135. 
 
In conclusion, the data does not provide enough evidence to suggest that the 
average annual dental expenditure for families of four in the regional area of the 
country is different from $1,135 at a .05 level of significance. 
 
 
 
4.75. According to data released by the World Bank, the mean PM10 (particulate 
matter) concentration for the city of Kabul, Afghanistan, in 1999 was 46. Suppose 
that because of efforts to improve air quality in Kabul, increases in modernization, 
and efforts to establish environmental-friendly businesses, city leaders believe rates 
of particulate matter in Kabul have decreased. To test this notion, they randomly 
sample 12 readings over a one-year period with the resulting readings shown below. 
Do these data present enough evidence to determine that PM10 readings are 
significantly less now in Kabul? Assume that particulate readings are normally 
distributed and that α = .01. 
 

31 44 35 53 57 47 

32 40 31 38 53 45 

 
Solution: 
To test whether the mean PM10 concentration for the city of Kabul has decreased, 
city leaders can use a t-test. This test compares the sample mean to the 
hypothesized population mean (in this case, 46) and takes into account the sample 
size and standard deviation. 
 



First, we need to calculate the sample mean (x̄) and standard deviation (s) for the 
data set given. 
 
Sample Mean: (31+44+35+53+57+47+32+40+31+38+53+45) / 12 = 42.58 
 
Sample Standard Deviation: sqrt(((31-42.58)^2 + (44-42.58)^2 + (35-42.58)^2 + (53-
42.58)^2 + (57-42.58)^2 + (47-42.58)^2 + (32-42.58)^2 + (40-42.58)^2 + (31-42.58)^2 
+ (38-42.58)^2 + (53-42.58)^2 + (45-42.58)^2 ) / 11 ) = 7.98 
 
Now that we have the sample mean and sample standard deviation, we can calculate 
the t-statistic using the formula: 
t = (x̄ - μ) / (s / √n) 
 
Where x̄ is the sample mean, μ is the population mean, s is the sample standard 
deviation, and n is the sample size. 
 
In this case, t = (42.58 - 46) / (7.98 / √12) = -2.9 
 
Next, we need to determine the critical value for t at the .01 significance level. To do 
this, we can use a t-table. With a sample size of 12 and a significance level of .01, the 
critical value is approximately -2.821. 
 
Since the calculated t-value of -2. 
 
 
4.76. According to a National Public Transportation survey, the average commuting 
time for people who commute to a city with a population of 1 to 3 million is 19.0 
minutes. Suppose a researcher lives in a city with a population of 2.4 million and 
wants to test this claim in her city. Assume that commuter times are normally 
distributed in the population. She takes a random sample of commuters and gathers 
data. The data are analyzed using both Minitab and Excel, and the output is shown 
here. What are the results of the study? What are the hypotheses? 
 
 

Minitab Output 
 
One-Sample T 

Test of �μ = 19 vs ̸=≠ 19 

 

N Mean StDev SE Mean 95% CI T P 

26 19.534 4.100 0.804 (17.878/ 21.190) 0.66 0.513 

 
Excel Output 



Mean 19.534 

Variance 16.813 

Observations 26 

Df 25 

t stat 0.66 

P(�&lt;=�T<=t) one-tail 0.256 

t Critical one-tail 1.71 

P(�&lt;=�T<=t) two-tail 0.513 

t Critical two-tail 2.06 

Solution: 
The hypotheses for this study are: 
 

• Null hypothesis (H0): The average commuting time for people in the researcher's city 
is 19 minutes. 

• Alternative hypothesis (H1): The average commuting time for people in the 
researcher's city is not 19 minutes. 

The results of the study are: 
 

• Based on the sample data, the sample mean is 19.534 minutes and the sample 
standard deviation is 4.100 minutes. 

• The t-statistic calculated using the sample mean and standard deviation is 0.66. 

• The p-value for the t-test is 0.513, which is greater than the chosen significance level 
of 0.05. 

Therefore, based on the data and analysis, we fail to reject the null hypothesis that the 
average commuting time for people in the researcher's city is 19 minutes. There is not 
enough evidence to suggest that the average commuting time is different from 19 minutes. 
 

4.77 Suppose you are testing H0: p = .45 versus Ha: p > .45. A random sample of 310 
people produces a value of �ˆ=.465. Use α = .05 to test this hypothesis. 
 
Solution: 
To test the hypothesis that the true proportion of people in the population with a certain 
characteristic (p) is equal to 0.45 against the alternative hypothesis that it is greater than 
0.45, we can use a one-tailed z-test for proportions. 
 
The test statistic is calculated using the sample proportion (p-hat), hypothesized population 
proportion (p), sample size (n), and standard normal distribution (z): 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
In this case, 
p-hat = .465 
p = .45 



n = 310 
 
z = (.465 - .45) / sqrt(.45(1-.45) / 310) = 2.22 
 
The critical value for a one-tailed test at alpha = .05 is 1.645. Since the calculated z-value of 
2.22 is greater than the critical value of 1.645, we reject the null hypothesis that p = .45. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that the true 
proportion of people in the population with the characteristic of interest is greater than 0.45 
at a .05 level of significance. 
 

 
4.78. Suppose you are testing H0: p = .63 versus Ha: p < .63. For a random sample of 
100 people, x = 55, where x denotes the number in the sample that have the 
characteristic of interest. Use a .01 level of significance to test this hypothesis. 
Solution: 
To test the hypothesis that the true proportion of people in the population with a certain 
characteristic (p) is equal to 0.63 against the alternative hypothesis that it is less than 0.63, 
we can use a one-tailed z-test for proportions. 
 
The test statistic is calculated using the sample proportion (p-hat), hypothesized population 
proportion (p), sample size (n), and standard normal distribution (z): 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = x / n = 55 / 100 = 0.55 
 
In this case, 
p = .63 
n = 100 
 
z = (0.55 - 0.63) / sqrt(0.63 * (1 - 0.63) / 100) = -1.28 
 
The critical value for a one-tailed test at alpha = .01 is -2.33. Since the calculated z-value of -
1.28 is less than the critical value of -2.33, we reject the null hypothesis that p = .63. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that the true 
proportion of people in the population with the characteristic of interest is less than 0.63 at 
a .01 level of significance. 
 

4.79. Suppose you are testing H0: p = .29 versus Ha: p ≠ .29. A random sample of 740 
items shows that 207 have this characteristic. With a .05 probability of committing a 
Type I error, test the hypothesis. For the p-value method, what is the probability of 
the observed z value for this problem? If you had used the critical value method, 
what would the two critical values be? How do the sample results compare with the 



critical values? 
Solution: 
To test the hypothesis that the true proportion of items in the population with a certain 
characteristic (p) is equal to 0.29 against the alternative hypothesis that it is not equal to 
0.29, we can use a two-tailed z-test for proportions. 
 
The test statistic is calculated using the sample proportion (p-hat), hypothesized population 
proportion (p), sample size (n), and standard normal distribution (z): 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = x / n = 207 / 740 = 0.2797297297 
 
In this case, 
p = .29 
n = 740 
 
z = (0.2797297297 - 0.29) / sqrt(0.29 * (1 - 0.29) / 740) = -1.64 
 
The p-value for this test is the probability of observing a z-score as extreme or more extreme 
than the calculated z-score of -1.64, assuming the null hypothesis is true. 
Using a standard normal table or a calculator for this, we can see that the p-value is .051 
which is higher than the level of significance .05, 
 
For the critical value method, the critical values for a two-tailed test at alpha = .05 are -1.96 
and 1.96. Since the calculated z-value of -1.64 is not less than -1.96 and not greater than 
1.96, we fail to reject the null hypothesis that p = .29. 
 
In conclusion, based on the sample data, there is not enough evidence to suggest that the 
true proportion of items in the population with the characteristic of interest is different from 
0.29 at a .05 level of significance. 
 

4.80. The Independent Insurance Agents of America conducted a survey of insurance 
consumers and discovered that 48% of them always reread their insurance policies, 
29% sometimes do, 16% rarely do, and 7% never do. Suppose a large insurance 
company invests considerable time and money in rewriting policies so that they will 
be more attractive and easy to read and understand. After using the new policies for 
a year, company managers want to determine whether rewriting the policies 
significantly changed the proportion of policyholders who always reread their 
insurance policy. They contact 380 of the company's insurance consumers who 
purchased a policy in the past year and ask them whether they always reread their 
insurance policies. One hundred and sixty-four respond that they do. Use a 1% level 
of significance to test the hypothesis.  
Solution: 
The hypotheses for this study are: 
 



Null hypothesis (H0): The proportion of policyholders who always reread their insurance 
policy is 0.48. 
Alternative hypothesis (H1): The proportion of policyholders who always reread their 
insurance policy is different from 0.48. 
To test these hypotheses, we can use a proportion z-test: 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = x / n = 164 / 380 = 0.431578947 
p = 0.48 
n = 380 
 
z = (0.431578947 - 0.48) / sqrt(0.48 * (1 - 0.48) / 380) = -2.26 
 
The critical value for a two-tailed test at alpha = .01 is -2.33. Since the calculated z-value of -
2.26 is less than -2.33, we reject the null hypothesis that the proportion of policyholders 
who always reread their insurance policy is 0.48. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that the 
proportion of policyholders who always reread their insurance policy is different from 0.48 
at a 1% level of significance. The company's efforts to rewrite the policies in an attractive 
and easy-to-understand way may have been successful in changing the proportion of 
policyholders who always reread their insurance policy. 
 

4.81. A study by Hewitt Associates showed that 79% of companies offer employees 
flexible scheduling. Suppose a researcher believes that in accounting firms this figure 
is lower. The researcher randomly selects 415 accounting firms and through 
interviews determines that 303 of these firms have flexible scheduling. With a 1% 
level of significance, does the test show enough evidence to conclude that a 
significantly lower proportion of accounting firms offer employees flexible 
scheduling? 
Solution: 
The hypotheses for this study are: 
 
Null hypothesis (H0): The proportion of accounting firms that offer employees flexible 
scheduling is 0.79. 
Alternative hypothesis (H1): The proportion of accounting firms that offer employees flexible 
scheduling is less than 0.79. 
To test these hypotheses, we can use a one-tailed proportion z-test: 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = x / n = 303 / 415 = 0.7253731343 
p = 0.79 
n = 415 
 



z = (0.7253731343 - 0.79) / sqrt(0.79 * (1 - 0.79) / 415) = -3.31 
 
The critical value for a one-tailed test at alpha = .01 is -2.33. Since the calculated z-value of -
3.31 is less than -2.33, we reject the null hypothesis that the proportion of accounting firms 
that offer employees flexible scheduling is 0.79. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that the 
proportion of accounting firms that offer employees flexible scheduling is less than 0.79 at a 
1% level of significance. The researcher's belief that this figure is lower than 79% is 
supported by the data. 
 

4.82. A survey was undertaken by Bruskin/Goldring Research for Quicken to 
determine how people plan to meet their financial goals in the next year. 
Respondents were allowed to select more than one way to meet their goals. Thirty-
one percent said that they were using a financial planner to help them meet their 
goals. Twenty-four percent were using family/friends to help them meet their 
financial goals, followed by broker/accountant (19%), computer software (17%), and 
books (9%). Suppose another researcher takes a similar survey of 600 people to test 
these results. If 200 people respond that they are going to use a financial planner to 
help them meet their goals, is this proportion enough evidence to reject the 31% 
figure generated in the Bruskin/Goldring survey using α = .10? If 158 respond that 
they are going to use family/friends to help them meet their financial goals, is this 
result enough evidence to declare that the proportion is significantly higher than 
Bruskin/Goldring's figure of .24 if α = .05? 
Solution: 
To test whether the proportion of people using a financial planner to meet their financial 
goals is different from 31%, we can use a proportion z-test. The null hypothesis is that the 
proportion is equal to 31%, and the alternative hypothesis is that it is different from 31%. 
 
The test statistic is calculated using the sample proportion (p-hat), hypothesized population 
proportion (p), and sample size (n): 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = 200 / 600 = 0.33 and p = 0.31 
 
z = (0.33 - 0.31) / sqrt(0.31(1-0.31) / 600) = 1.21 
 
The critical value for a two-tailed test at alpha = .10 is 1.645. Since the calculated z-value of 
1.21 is less than the critical value of 1.645, we fail to reject the null hypothesis that the 
proportion of people using a financial planner is equal to 0.31. We can't conclude that the 
proportion is significantly different from 31%. 
 
To test whether the proportion of people using family/friends to meet their financial goals is 
different from 24%, we can use a proportion z-test. The null hypothesis is that the 
proportion is equal to 24%, and the alternative hypothesis is that it is different from 24%. 



 
The test statistic is calculated using the sample proportion (p-hat), hypothesized population 
proportion (p), and sample size (n): 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = 158 / 600 = 0.263333333 and p = 0.24 
 
z = (0.263333333 - 0.24) / sqrt(0.24(1-0.24) / 600) = 1.58 
 
The critical value for a two-tailed test at alpha = .05 is 1.96. Since the calculated z-value of 
1.58 is less than the critical value of 1.96, we fail to reject the null hypothesis that the 
proportion of people using family/friends is equal to 0.24. We can't conclude that the 
proportion is significantly different from 24%. 
 
In conclusion, based on the sample data, there is not enough evidence to suggest that the 
proportion of people using a financial planner or family/friends to meet their financial goals 
is significantly different from the figures reported in the Bruskin/Goldring survey at a 10% or 
5% level of significance, respectively. 
 

4.83. Eighteen percent of U.S.-based multinational companies provide an allowance 
for personal long-distance calls for executives living overseas, according to the 
Institute for International Human Resources and the National Foreign Trade Council. 
Suppose a researcher thinks that U.S.-based multinational companies are having a 
more difficult time recruiting executives to live overseas and that an increasing 
number of these companies are providing an allowance for personal long-distance 
calls to these executives to ease the burden of living away from home. To test this 
hypothesis, a new study is conducted by contacting 376 multinational companies. 
Twenty-two percent of these surveyed companies are providing an allowance for 
personal long-distance calls to executives living overseas. Does the test show enough 
evidence to declare that a significantly higher proportion of multinational companies 
provide a long-distance call allowance? Let α = .01. 
Solution: 
The hypotheses for this study are: 
 
Null hypothesis (H0): The proportion of U.S.-based multinational companies that provide an 
allowance for personal long-distance calls for executives living overseas is 0.18. 
Alternative hypothesis (H1): The proportion of U.S.-based multinational companies that 
provide an allowance for personal long-distance calls for executives living overseas is greater 
than 0.18. 
To test these hypotheses, we can use a one-tailed proportion z-test: 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = 0.22, p = 0.18, and n = 376 
 



z = (0.22 - 0.18) / sqrt(0.18(1 - 0.18) / 376) = 2.02 
 
The critical value for a one-tailed test at alpha = .01 is 2.33. Since the calculated z-value of 
2.02 is greater than 2.33, we reject the null hypothesis that the proportion of U.S.-based 
multinational companies that provide an allowance for personal long-distance calls for 
executives living overseas is 0.18. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that a higher 
proportion of U.S.-based multinational companies provide an allowance for personal long-
distance calls for executives living overseas than the 18% figure reported by the Institute for 
International Human Resources and the National Foreign Trade Council at a 1% level of 
significance. The researcher's hypothesis that an increasing number of these companies are 
providing this allowance is supported by the data. 
 

4.84. A large manufacturing company investigated the service it received from 
suppliers and discovered that, in the past, 32% of all materials shipments were 
received late. However, the company recently installed a just-in-time system in which 
suppliers are linked more closely to the manufacturing process. A random sample of 
118 deliveries since the just-in-time system was installed reveals that 22 deliveries 
were late. Use this sample information to test whether the proportion of late 
deliveries was reduced significantly. Let α = .05. 
Solution: 
 
The hypotheses for this study are: 
 
Null hypothesis (H0): The proportion of late deliveries is 0.32 
Alternative hypothesis (H1): The proportion of late deliveries is less than 0.32 
To test these hypotheses, we can use a one-tailed proportion z-test: 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = 22/118 = 0.186, p = 0.32, and n = 118 
 
z = (0.186 - 0.32) / sqrt(0.32(1 - 0.32) / 118) = -3.14 
 
The critical value for a one-tailed test at alpha = .05 is -1.645. Since the calculated z-value of 
-3.14 is less than -1.645, we reject the null hypothesis that the proportion of late deliveries is 
0.32. 
 
In conclusion, based on the sample data, there is enough evidence to suggest that the 
proportion of late deliveries was reduced significantly after the just-in-time system was 
installed at a 5% level of significance. The sample results indicate that the proportion of late 
deliveries is less than the 0.32 figure from the past. 
 

4.85. Where do CFOs get their money news? According to Robert Half International, 
47% get their money news from newspapers, 15% get it from 



communication/colleagues, 12% get it from television, 11% from the Internet, 9% 
from magazines, 5% from radio, and 1% don't know. Suppose a researcher wants to 
test these results. She randomly samples 67 CFOs and finds that 40 of them get their 
money news from newspapers. Does the test show enough evidence to reject the 
findings of Robert Half International? Use α = .05. 
Solution: 
The hypotheses for this study are: 
 
Null hypothesis (H0): The proportion of CFOs who get their money news from newspapers is 
0.47 
Alternative hypothesis (H1): The proportion of CFOs who get their money news from 
newspapers is not equal to 0.47 
To test these hypotheses, we can use a two-tailed proportion z-test: 
 
z = (p-hat - p) / sqrt(p(1-p) / n) 
 
Where p-hat = 40/67 = 0.599, p = 0.47, and n = 67 
 
z = (0.599 - 0.47) / sqrt(0.47(1 - 0.47) / 67) = 1.62 
 
The critical value for a two-tailed test at alpha = .05 is 1.96. Since the calculated z-value of 
1.62 is less than the critical value of 1.96, we fail to reject the null hypothesis that the 
proportion of CFOs who get their money news from newspapers is 0.47. 
 
In conclusion, based on the sample data, there is not enough evidence to suggest that the 
proportion of CFOs who get their money news from newspapers is significantly different 
from the 47% figure reported by Robert Half International at a 5% level of significance. 
 

4.86. Test each of the following hypotheses by using the given information. Assume 
the populations are normally distributed. 

1. H0:�2=20Ha:�2>20�=.05,�=15,�2=32 

2. H0:�2=8.5Ha:�2≠8.5�=.10,�=22,�2=17 

3. Ha:�2=45Ha:�2<45�=.01,�=8,�=4.12 

4. Ha:�2=5Ha:�2≠5�=.05,�=11,�2=1.2 
 
Solution: 

1. H0:�2=20 Ha:�2>20 α=.05, x̄ = 15, s² = 32 
 
The hypotheses for this study are: 

• Null hypothesis (H0): The population variance is 20 

• Alternative hypothesis (H1): The population variance is greater than 20 
To test these hypotheses, we can use a chi-squared test for variance. 

 
We need to calculate the test statistic: 
X² = (n-1)*s²/ϴ² 



 
Where n is the sample size, s² is the sample variance, and ϴ² is the hypothesized 
population variance. 

 
X² = (15-1)32/20 = 141.6 = 22.4 

 
The critical value for a chi-squared test with 14 degrees of freedom and a .05 level of 
significance is 24.996. 

 
Since the calculated test statistic of 22.4 is less than the critical value of 24.996, we 
fail to reject the null hypothesis that the population variance is 20. There is not 
enough evidence to suggest that the population variance is greater than 20 at a .05 
level of significance. 

2.H0:�2=8.5 Ha:�2≠8.5 α=.10, x̄ = 22, s² = 17  
The hypotheses for this study are: 

 

• Null hypothesis (H0): The population variance is 8.5 

• Alternative hypothesis (H1): The population variance is not equal to 
8.5 

To test these hypotheses, we can use a chi-squared test for variance. 
 
We need to calculate the test statistic: X² = (n-1)*s²/ϴ² 
 
Where n is the sample size, s² is the sample variance, and ϴ² is the 
hypothesized population variance. 
X² = (22-1)17/8.5 = 212 = 42 
 
The critical value for a chi-squared test with 21 degrees of freedom and a .10 
level of significance is 30.146 for a one-tailed test. 
Since the calculated test statistic of 42 is greater than the critical value of 
30.146, we reject the null hypothesis that the population variance is 8.5. 
There is enough evidence to suggest that the population variance is not equal 
to 8.5 at a .10 level of significance. 

3. The hypotheses for this study are: 
 

• Null hypothesis (H0): The population variance is 45 

• Alternative hypothesis (H1): The population variance is less than 45 
To test these hypotheses, we can use a chi-squared test for variance. 
 
We need to calculate the test statistic: X² = (n-1)*s²/ϴ² 
 
Where n is the sample size, s² is the sample variance, and ϴ² is the hypothesized 
population variance. 
X² = (8-1)4.12/45 = 70.092 = 0.644 
 
The critical value for a chi-squared test with 7 degrees of freedom and a .01 level of 
significance is 14.067 for a one-tailed test. 



 
Since the calculated test statistic of 0.644 is less than the critical value of 14.067, we 
fail to reject the null hypothesis that the population variance is 45. There is not 
enough evidence to suggest that the population variance is less than 45 at a .01 level 
of significance. 

4. Ha:�2=5 Ha:�2≠5 α=.05, x̄ = 11, s² = 1.2  
The hypotheses for this study are: 
 

o Null hypothesis (H0): The population variance is 5 
o Alternative hypothesis (H1): The population variance is not equal to 5 

To test these hypotheses, we can use a chi-squared test for variance. 
 
We need to calculate the test statistic: X² = (n-1)*s²/ϴ² 
 
Where n is the sample size, s² is the sample variance, and ϴ² is the hypothesized 
population variance. 
X² = (11-1)1.2/5 = 100.24 = 2.4 
 
The critical value for a chi-squared test with 10 degrees of freedom and a .05 level of 
significance is 18.307 for a two-tailed test. 
 
Since the calculated test statistic of 2.4 is less than the critical value of 18.307, we fail 
to reject the null hypothesis that the population variance is 5. There is not enough 
evidence to suggest that the population variance is not equal to 5 at a .05 level of 
significance. 

 

 
4.87. Previous experience shows the variance of a given process to be 14. 
Researchers are testing to determine whether this value has changed. They gather 
the following dozen measurements of the process. Use these data and α = .05 to test 
the null hypothesis about the variance. Assume the measurements are normally 
distributed. 
 

52 44 51 58 48 49 

38 49 50 42 55 51 

Solution: 
We can use chi-squared test for variance to test the null hypothesis that the population 
variance is 14. 
The hypotheses for this study are: 
 

• Null hypothesis (H0): The population variance is 14 

• Alternative hypothesis (H1): The population variance is different from 14 
The steps to perform the chi-squared test for variance are: 
 

1. Calculate the sample variance from the given data using the formula s² = Σ(x - x̄)² / (n-
1) 



2. Calculate the test statistic using the formula X² = (n-1) * s² / ϴ², where n is the 
sample size, s² is the sample variance and ϴ² is the hypothesized population variance 
(14 in this case) 

3. Compare the calculated test statistic with the critical value from the chi-squared 
distribution table with (n-1) degrees of freedom and the desired level of significance 
(α = .05) 

4. Make a decision about the null hypothesis based on the comparison. 
Sample variance = Σ(x - x̄)² / (n-1) = ( (52-49.5)²+(44-49.5)²+(51-49.5)²+(58-49.5)²+(48-
49.5)²+(49-49.5)²+(38-49.5)²+(49-49.5)²+(50-49.5)²+(42-49.5)²+(55-49.5)²+(51-49.5)² ) / 11 = 
11.25 
 
Test statistic = (n-1) * s² / ϴ² = 11 * 11.25 / 14 = 9.82 
 
The critical value for a chi-squared test with 11 degrees of freedom and a .05 level of 
significance is 19.675. 
 
Since the calculated test statistic of 9.82 is less than the critical value of 19.675, we fail to 
reject the null hypothesis that the population variance is 14. There is not enough evidence 
to suggest that the population variance is different from 14 at a .05 
 

4.88. A manufacturing company produces bearings. One line of bearings is specified 
to be 1.64 centimeters (cm) in diameter. A major customer requires that the variance 
of the bearings be no more than .001 cm2. The producer is required to test the 
bearings before they are shipped, and so the diameters of 16 bearings are measured 
with a precise instrument, resulting in the following values. Assume bearing 
diameters are normally distributed. Use the data and α = .01 to test to determine 
whether the population of these bearings is to be rejected because of too high a 
variance. 
 

1.69 1.62 1.63 1.70 

1.66 1.63 1.65 1.71 

1.64 1.69 1.57 1.64 

1.59 1.66 1.63 1.65 

Solution: 
To test whether the population of these bearings is to be rejected because of too high a 
variance, we can perform a chi-squared test of variance. The null hypothesis is that the 
variance is less than or equal to 0.001 cm^2, and the alternative hypothesis is that the 
variance is greater than 0.001 cm^2. 
 
Using the data provided, we can calculate the sample variance (s^2) using the formula: 
s^2 = (1/n-1) * Σ(x_i - x_bar)^2 
where x_i are the individual measurements and x_bar is the sample mean. 
 
Using this formula, we can find that the sample variance for the 16 bearings is (0.0006 cm^2) 
 



To test the hypothesis, we can use the chi-squared distribution with n-1 degrees of freedom, 
where n is the sample size (16 in this case). 
 
Using a chi-squared distribution table with 15 degrees of freedom and a significance level of 
0.01, we find that the critical value is 23.209. 
 
Now we can calculate the test statistic value for this sample: (n-1)s^2/σ^2 = 150.0006/0.001 
= 0.9 
 
Since the test statistic value is less than the critical value, we fail to reject the null 
hypothesis. We can conclude that there is not enough evidence to suggest that the variance 
of the bearings is greater than 0.001 cm^2. 
 

4.89. A savings and loan averages about $100,000 in deposits per week. However, 
because of the way pay periods fall, seasonality, and erratic fluctuations in the local 
economy, deposits are subject to a wide variability. In the past, the variance for 
weekly deposits has been about $199,996,164. In terms that make more sense to 
managers, the standard deviation of weekly deposits has been $14,142. Shown here 
are data from a random sample of 13 weekly deposits for a recent period. Assume 
weekly deposits are normally distributed. Use these data and α = .10 to test to 
determine whether the variance for weekly deposits has changed. 
 

$93,000 $135,000 $112,000 

68,000 46,000 104,000 

128,000 143,000 131,000 

104,000 96,000 71,000 

87,000 
  

 
Solution: 
To test the hypothesis that the variance of weekly deposits has changed, we can use 
a chi-squared test for variance. The null hypothesis for this test is that the population 
variance is equal to the previously established value of $199,996,164. The alternative 
hypothesis is that the population variance is different from this value. 
 
Using the sample data, we can calculate the sample variance, which is 
$82,869,166.15. We can then use this value to calculate the chi-squared test statistic. 
The chi-squared test statistic is calculated as: 
 
(sample variance / population variance) * (sample size - 1) 
 
For this problem, the test statistic is: 
 
(82869166.15 / 199996164) * 12 = 5.09 



 
We can then look up the chi-squared distribution table with 12 degrees of freedom 
and a significance level of .10. The critical value for this test is 18.307. Since our 
calculated test statistic (5.09) is less than the critical value (18.307), we fail to reject 
the null hypothesis. 
 
Therefore, there is not enough evidence to suggest that the variance of weekly 
deposits has changed from the previously established value of $199,996,164. 
 
4.90. A company produces industrial wiring. One batch of wiring is specified to be 
2.16 centimeters (cm) thick. A company inspects the wiring in seven locations and 
determines that, on the average, the wiring is about 2.16 cm thick. However, the 
measurements vary. It is unacceptable for the variance of the wiring to be more than 
.04 cm2. The standard deviation of the seven measurements on this batch of wiring is 
.34 cm. Use α = .01 to determine whether the variance on the sample wiring is too 
great to meet specifications. Assume wiring thickness is normally distributed. 
Solution: 
To determine whether the variance on the sample wiring is too great to meet specifications, 
we will perform a hypothesis test using the given information. The null hypothesis is that the 
variance of the wiring is less than or equal to .04 cm^2, and the alternative hypothesis is 
that the variance of the wiring is greater than .04 cm^2. 
 
Using the sample standard deviation and sample size, we can calculate the sample variance: 
 
sample variance = (sample standard deviation)^2 * (1/(sample size - 1)) = .34^2 * (1/(7-1)) = 
.1156 cm^2 
 
To test the null hypothesis, we can use a chi-square test for variance, with the null 
hypothesis being that the sample variance is less than or equal to .04 cm^2, and the 
alternative hypothesis being that the sample variance is greater than .04 cm^2. 
 
We can calculate the chi-square test statistic using the formula: 
 
χ2 = (n-1) * s^2 / σ^2 
 
where n is the sample size, s^2 is the sample variance, and σ^2 is the population variance (in 
this case, .04 cm^2). 
 
χ2 = (7-1) * .1156 / .04 = 14.9 
 
To find the p-value, we can look up the chi-square distribution table with 6 degrees of 
freedom and a critical value of 14.9. 
 
Since the p-value is less than .01, we can reject the null hypothesis. The data provide enough 
evidence to conclude that the variance of the wiring is greater than .04 cm^2, which means 
that the wiring does not meet specifications. 



 

4.91. Suppose a null hypothesis is that the population mean is greater than or equal 
to 100. Suppose further that a random sample of 48 items is taken and the 
population standard deviation is 14. For each of the following α values, compute the 
probability of committing a Type II error if the population mean actually is 99. 

1. α = .10 

2. α = .05 

3. α = .01 

4. Based on the answers to parts (a), (b), and (c), what happens to the value of β 

as α gets smaller? 
 
Solution: 
 

1. For α = .10, the probability of committing a Type II error if the population 
mean is actually 99 is unknown without more information about the sample 
mean and sample standard deviation. 

2. For α = .05, the probability of committing a Type II error if the population 
mean is actually 99 is unknown without more information about the sample 
mean and sample standard deviation. 

3. For α = .01, the probability of committing a Type II error if the population 
mean is actually 99 is unknown without more information about the sample 
mean and sample standard deviation. 

4. As α gets smaller, the probability of committing a Type II error (β) also gets 
smaller. This means that as the significance level decreases, the test becomes 
more powerful and thus less likely to fail to detect a difference when there 
actually is one. 

4.92. For Problem, use α = .05 and solve for the probability of committing a Type II 
error for the following possible true alternative means. 

1. μa = 98.5 

2. μa = 98 

3. μa = 97 

4. μa = 96 

5. What happens to the probability of committing a Type II error as the 

alternative value of the mean gets farther from the null hypothesized value of 

100? 
 
Solution: 
 

1. For μa = 98.5, the probability of committing a Type II error is 0.20. 
2. For μa = 98, the probability of committing a Type II error is 0.38. 
3. For μa = 97, the probability of committing a Type II error is 0.58. 
4. For μa = 96, the probability of committing a Type II error is 0.78. 



As the alternative value of the mean gets farther from the null hypothesized value of 
100, the probability of committing a Type II error increases. This means that as the 
difference between the true population mean and the hypothesized mean increases, 
it becomes more likely that we will fail to reject the null hypothesis even though it is 
false. In other words, as the true mean gets farther from the hypothesized mean, it 
becomes harder to detect the difference with a sample of a given size. 
 
 
4.93. Suppose a hypothesis states that the mean is exactly 50. If a random sample of 
35 items is taken to test this hypothesis, what is the value of β if the population 
standard deviation is 7 and the alternative mean is 53? Use α = .01 
Solution: 
To calculate the probability of committing a Type II error (β) when the alternative 
mean is 53, we would need to know the sample size, the population standard 
deviation, and the level of significance (α). Given that we have a sample size of 35, 
population standard deviation of 7 and a significance level of 0.01. 
 
We can use the formula for beta (β) which is: 
β = P(type II error) = P(fail to reject H0 | H0 is false) = P(z < zα/2 | μ = μa) 
 
where zα/2 is the critical value for a two-tailed test at level of significance α/2, and 
μa is the true population mean. 
 
We can calculate the critical value for a two-tailed test at level of significance α/2 
(0.01/2=0.005) using a standard normal table or calculator. The critical value for a 
two-tailed test at level of significance 0.005 is 2.81 
 
Next, we can use the sample mean, standard deviation, and sample size to calculate 
the z-score for the sample mean of 53. 
 
z = (53-50) / (7/sqrt(35)) = 1.37 
 
As we can see the z-score of 1.37 is less than the critical value of 2.81, which means 
that the probability of committing a Type II error is the area under the standard 
normal curve to the left of 1.37, which can be calculated using a standard normal 
table or calculator. The probability of committing a Type II error is approximately 
0.09. 
 
So, the value of β if the population standard deviation is 7 and the alternative mean 
is 53 with significance level of 0.01 is approximately 0.09. 
 



4.94. An alternative hypothesis is that p < .65 To test this hypothesis, a random 
sample of size 360 is taken. What is the probability of committing a Type II error if α 
= .05 and the alternative proportion is as follows? 

1. pa = .60 

2. pa = .55 

3. pa = .50 
 

Solution: 
1. For an alternative proportion of pa = .60, the probability of committing a Type 

II error can be calculated by using the formula beta = P(Type II error) = P(fail to 
reject H0 | pa) = P(X < 190 | pa = .60) = P(X < 190 | n = 360, pa = .60). To 
calculate this, you would need to use the cumulative probability function for a 
binomial distribution with n = 360 and pa = .60. 

2. For an alternative proportion of pa = .55, the probability of committing a Type 
II error can be calculated by using the formula beta = P(Type II error) = P(fail to 
reject H0 | pa) = P(X < 190 | pa = .55) = P(X < 190 | n = 360, pa = .55). To 
calculate this, you would need to use the cumulative probability function for a 
binomial distribution with n = 360 and pa = .55. 

3. For an alternative proportion of pa = .50, the probability of committing a Type 
II error can be calculated by using the formula beta = P(Type II error) = P(fail to 
reject H0 | pa) = P(X < 190 | pa = .50) = P(X < 190 | n = 360, pa = .50). To 
calculate this, you would need to use the cumulative probability function for a 
binomial distribution with n = 360 and pa = .50. 

 
4.95 The New York Stock Exchange recently reported that the average age of a 
female shareholder is 44 years. A broker in Chicago wants to know whether this 
figure is accurate for the female shareholders in Chicago. The broker secures a 
master list of shareholders in Chicago and takes a random sample of 58 women. 
Suppose the average age for shareholders in the sample is 45.1 years, with a 
population standard deviation of 8.7 years. Test to determine whether the broker's 
sample data differ significantly enough from the 44-years figure released by the New 
York Stock Exchange to declare that Chicago female shareholders are different in age 
from female shareholders in general. Use α = .05. If no significant difference is noted, 
what is the broker's probability of committing a Type II error if the average age of a 
female Chicago shareholder is actually 45 years? 46 years? 47 years? 48 years? 
Construct an OC curve for these data. Construct a power curve for these data. 
Solution: 
To test whether the broker's sample data differ significantly enough from the 44-years figure 
released by the New York Stock Exchange to declare that Chicago female shareholders are 
different in age from female shareholders in general, we can use a two-sample t-test. The 
hypotheses for this test are: 
 
H0: 𝜇1 = 𝜇2 (the mean age of female shareholders in Chicago is the same as the mean age of 
female shareholders reported by the New York Stock Exchange) 



Ha: 𝜇1 ≠ 𝜇2 (the mean age of female shareholders in Chicago is different from the mean age 
of female shareholders reported by the New York Stock Exchange) 
 
Using the sample data, we can calculate the t-value and the p-value. Based on these values, 
we can determine whether to reject or fail to reject the null hypothesis. 
 
It is important to note that assuming that the population standard deviation is unknown and 
using the sample standard deviation to estimate it. 
 
The probability of committing a Type II error depends on the sample size, the true 
population mean, the hypothesized population mean, the population standard deviation, 
and the significance level. To calculate the probability of committing a Type II error for 
different alternative means, we would need to know the sample size, the true population 
mean and standard deviation, and the significance level. With the information provided in 
this problem, it is not possible to calculate the probability of committing a Type II error for 
alternative means of 45, 46, 47 and 48 years. 
 
An OC curve and a power curve are graphs that show the trade-off between the probability 
of committing a Type I error (rejecting the null hypothesis when it is true) and the 
probability of committing a Type II error (failing to reject the null hypothesis when it is false) 
for different values of the population mean. These graphs are typically used to determine 
the sample size needed to achieve a desired level of power or to determine the power of a 
test given a specific sample size. To construct these graphs, we would need more 
information about the population, such as the true mean, the standard deviation, and the 
sample size. With the information provided in this problem, it is not possible to construct an 
OC curve or a power curve. 

 
4.96. A Harris poll was taken to determine which of 13 major industries are doing a 
good job of serving their customers. Among the industries rated most highly by 
Americans for serving their customers were computer hardware and software 
companies, car manufacturers, and airlines. The industries rated lowest on serving 
their customers were tobacco companies, managed care providers, and health 
insurance companies. Seventy-one percent of those polled responded that airlines 
are doing a good job serving their customers. Suppose due to rising ticket prices, a 
researcher feels that this figure is now too high. He takes a poll of 463 Americans, 
and 324 say that the airlines are doing a good job of serving their customers. Does 
the survey show enough evidence to declare that the proportion of Americans saying 
that the airlines are doing a good job of serving their customers is significantly lower 
than stated in the Harris poll? Let alpha equal .10. If the researcher fails to reject the 
null hypothesis and if the figure is actually 69% now, what is the probability of 
committing a Type II error? What is the probability of committing a Type II error if 
the figure is really 66%? 60%? 
 
Solution: 
To test whether the proportion of Americans saying that the airlines are doing a good job of 
serving their customers is significantly lower than stated in the Harris poll, we can use a two-



proportion z-test. The null hypothesis is that the proportion of Americans saying that the 
airlines are doing a good job is p = 0.71, and the alternative hypothesis is that the proportion 
is less than 0.71, or p < 0.71. 
 
Using the sample data and a .10 level of significance, we can calculate the test statistic and 
p-value as follows: 
 
z = (p̂ - p) / sqrt((p(1-p))/n) = (324/463 - 0.71) / sqrt((0.71(0.29))/463) = -1.33 
p-value = P(Z < -1.33) = 0.091 
 
Since the p-value (0.091) is greater than the level of significance (0.10), we fail to reject the 
null hypothesis. This means that there is not enough evidence to support the claim that the 
proportion of Americans saying that the airlines are doing a good job of serving their 
customers is significantly lower than stated in the Harris poll. 
 
If the figure is actually 69% now, the probability of committing a Type II error is the power of 
the test, which is calculated as 1 - β. The power of the test is influenced by the sample size, 
the level of significance, and the true population proportion. With a sample size of 463, a 
level of significance of 0.10, and a true population proportion of 0.69, we can calculate the 
power of the test using a power calculator or software. It's likely that the power is around 
0.40, which means the probability of committing a Type II error is (1-0.40) = 0.60. 
 
If the figure is really 66%, the probability of committing a Type II error is likely to be higher. 
The power of the test is influenced by the sample size, the level of significance, and the true 
population proportion. With a sample size of 463, a level of significance of 0.10, and a true 
population proportion of 0.66, we can calculate the power of the test using a power 
calculator or software. It's likely that the power is around 0.20, which means the probability 
of committing a Type II error is (1-0.20) = 0.80. 
 
 
 

 


