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X
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R Multiple correlation coefficient
r2 Coefficient of determination
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s2 Sample variance
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X
  Standard error of the mean
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binomial distribution
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P R E F A C E

Approach Elementary Statistics: A Step by Step Approach was written as an aid in the beginning  
statistics course to students whose mathematical background is limited to basic algebra. 
The book follows a nontheoretical approach without formal proofs, explaining concepts 
intuitively and supporting them with abundant examples. The applications span a broad 
range of topics certain to appeal to the interests of students of diverse backgrounds, and 
they include problems in business, sports, health, architecture, education, entertainment, 
political science, psychology, history, criminal justice, the environment, transportation, 
physical sciences, demographics, eating habits, and travel and leisure.

About This 
Book

While a number of important changes have been made in the tenth edition, the learning 
system remains untouched and provides students with a useful framework in which to 
learn and apply concepts. Some of the retained features include the following:

• Over 1800 exercises are located at the end of major sections within each chapter.
• Hypothesis-Testing Summaries are found at the end of Chapter 9 (z, t, �2, and  

F tests for testing means, proportions, and variances), Chapter 12 (correlation,  
chi-square, and ANOVA), and Chapter 13 (nonparametric tests) to show students 
the different types of hypotheses and the types of tests to use.

• A Data Bank listing various attributes (educational level, cholesterol level, gender, 
etc.) for 100 people and several additional data sets using real data are included and 
referenced in various exercises and projects throughout the book.

• An updated reference card containing the formulas and the z, t, �2, and PPMC 
 tables is included with this textbook.

• End-of-chapter Summaries, Important Terms, and Important Formulas give 
students a concise summary of the chapter topics and provide a good source for 
quiz or test preparation.

• Review Exercises are found at the end of each chapter.
•  Special sections called Data Analysis require students to work 

with a data set to perform various statistical tests or procedures 
and then summarize the results. The data are included in the Data 
Bank in Appendix B and can be downloaded from the book’s 
website at www.mhhe.com/bluman.

•  Chapter Quizzes, found at the end of each chapter, include 
 multiple-choice, true/false, and completion questions along with 
exercises to test students’ knowledge and comprehension of 
 chapter content.

•  The Appendixes provide students with extensive reference 
tables, a glossary, and answers to all quiz questions and odd-
numbered exercises. Additional Online Appendixes include al-
gebra review, an outline for report writing, Bayes’  theorem, and 
an alternative method for using the standard normal distribution. 
These can be found at www.mhhe.com/bluman.

•  The Applying the Concepts feature is included in all sections 
and gives students an opportunity to think about the new con-
cepts and apply them to examples and  scenarios similar to those 
found in newspapers, magazines, and radio and television news 
 programs.

ix

A L L A N  G .  B L U M A N
PROFESSOR EMERITUS 

COMMUNITY COLLEGE OF ALLEGHENY COUNTY

blu55339_FM_i-xxiv.indd   9 17/10/16   8:07 pm



x Preface

Changes in the 
Tenth Edition

Global Changes

• Replaced over 75 examples with new ones and replaced approximately 450 new or 
revised exercises, many using real data.

• Updated Technology Tips sections.

Chapter 1  Updated statistical examples to introduce how statistics are used in 
real life.

 Four-digit random numbers (Table D) are shown in order to generate a 
random sample.

 Expanded explanation of the difference between stratified and cluster 
sampling.

Chapter 3 New section on Linear Transformations of Data.

Chapter 5 New Procedure Table on how to construct and graph a probability distri-
bution is given.

Chapter 11 New introductory example.

Chapter 12 New Statistics Today example.

Chapter 13 New explanation of the statistical technique to use when there are ties in 
the rankings.

Chapter 14 Five updated data sets are presented in order to use the sampling tech-
niques required in the exercises.

 New coverage explaining Different Types of Bias Samples.
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A  S T E P  B Y  S T E P  A P P R O A C H

Each chapter begins with an outline, a list 
of learning objectives, and a feature titled 
Statistics Today; in which a real-life prob-
lem shows students the relevance of the 
material. This problem is solved near the 
end of the chapter using statistical tech-
niques presented in the chapter.

Hundreds of examples with  
detailed solutions serve as models 
to help students solve problems on 
their own. Examples are solved by 
using a step by step explanation, 
and illustrations provide a clear 
display of results.

Numerous Procedure Tables 
summarize processes for 
 students’ quick reference.

Confidence Intervals 
and Sample Size

7

 STATISTICS TODAY
Stress and the College Student
A recent poll conducted by the mtvU/Associated Press found that 

85% of college students reported that they experience stress daily. 

The study said, “It is clear that being stressed is a fact of life on col-

lege campuses today.”

The study also reports that 74% of students’ stress comes from 

school work, 71% from grades, and 62% from financial woes. The 

report stated that 2240 undergraduate students were selected and 

that the poll has a margin of error of ±3.0%.

In this chapter you will learn how to make a true estimate of a 

 parameter, what is meant by the margin of error, and whether or not 

the sample size was large enough to represent all college students.

See Statistics Today—Revisited at the end of this chapter for 

more details.

OUTLINE
 Introduction

7–1 Confidence Intervals for the Mean When  
σ Is Known

7–2 Confidence Intervals for the Mean When 
σ Is Unknown

7–3 Confidence Intervals and Sample Size for 
Proportions

7–4 Confidence Intervals for Variances and 
Standard Deviations

 Summary

OBJECTIVES
After completing this chapter, you should be able to:

 Find the confidence interval for the mean 
when σ is known.

 Determine the minimum sample size for 
finding a confidence interval for the mean.

 Find the confidence interval for the mean 
when σ is unknown.

 Find the confidence interval for a 
proportion.

 Determine the minimum sample size 
for finding a confidence interval for a 
proportion.

 Find a confidence interval for a variance 
and a standard deviation.

4

5

6

3

2

1

7–1

© Fuse/Getty Images RF

432 Chapter 8 Hypothesis Testing

8–20

Examples 8  –6 and 8  –7 show how to use the P-value method to test hypotheses.

EXAMPLE 8–6 Cost of College Tuition

A researcher wishes to test the claim that the average cost of tuition and fees at a four-year 

public college is greater than $5700. She selects a random sample of 36 four-year public  

colleges and finds the mean to be $5950. The population standard deviation is $659.  

Is there evidence to support the claim at α = 0.05? Use the P-value method.

Source: Based on information from the College Board.

S O L U T I O N

Step 1 State the hypotheses and identify the claim. 

H0: μ = $5700    and    H1: μ > $5700 (claim)

Step 2 Compute the test value.

z =    
 

__
 X  − μ ______ 

σ∕ √
__

 n  
    =    5950 − 5700 _____________ 

659∕ √
___

 36  
    = 2.28

Step 3  Find the P-value. Using Table E in Appendix A, find the corresponding area 

under the normal distribution for z = 2.28. It is 0.9887. Subtract this value for 

the area from 1.0000 to find the area in the right tail.

1.0000 − 0.9887 = 0.0113

 
Hence, the P-value is 0.0113.

Step 4  Make the decision. Since the P-value is less than 0.05, the decision is to  reject 

the null hypothesis. See Figure 8  –17.

$5700

$5950

Area = 0.05

Area = 0.0113F I G U R E  8 – 1 7  

P-Value and α Value for 

Example 8–6

Step 5  Summarize the results. There is enough evidence to support the claim that the 

tuition and fees at four-year public colleges are greater than $5700.

 
 Note: Had the researcher chosen α = 0.01, the null hypothesis would not 

have been rejected since the P-value (0.0113) is greater than 0.01.

EXAMPLE 8–7 Wind Speed

A researcher claims that the average wind speed in a certain city is 8 miles per hour. 

A sample of 32 days has an average wind speed of 8.2 miles per hour. The standard 

 deviation of the population is 0.6 mile per hour. At α = 0.05, is there enough evidence 

to reject the claim? Use the P-value method.

S O L U T I O N

Step 1 State the hypotheses and identify the claim.

H0: μ = 8 (claim)    and    H1: μ ≠ 8

424 
Chapter 8 Hypothesis Testing

8–12

S O L U T I O N  c

Step 1  Draw the figure and indicate the appropriate area. Since this is a right-tailed 

test, the area 0.005 is located in the right tail, as shown in Figure 8  –12.

0

+2.58

0.005

z

0.9950

F I G U R E  8 – 1 2  

Critical Value and Critical 

Region for Part c of  

Example 8–2

Step 2 Find the area closest to 1 − α, or 1 − 0.005 = 0.9950. In this case, it is 

0.9949 or 0.9951.

The two z values corresponding to areas 0.9949 and 0.9951 are +2.57 and +2.58 

 respectively. Since 0.9500 is halfway between these two z values, find the average 

of the two z values (+2.57 + 2.58) ÷ 2 = +2.575. However, 2.58 is most often used. 

See  Figure 8  –12.

In hypothesis testing, the following steps are recommended.

1. State the hypotheses. Be sure to state both the null and alternative hypotheses.

2. Design the study. This step includes selecting the correct statistical test, choosing a 

level of significance, and formulating a plan to carry out the study. The plan should 

include information such as the definition of the population, the way the sample 

will be selected, and the methods that will be used to collect the data.

3. Conduct the study and collect the data.

4. Evaluate the data. The data should be tabulated in this step, and the statistical 

test should be conducted. Finally, decide whether to reject or not reject the null 

 hypothesis.

5. Summarize the results.

For the purposes of this chapter, a simplified version of the hypothesis-testing proce-

dure will be used, since designing the study and collecting the data will be omitted. The 

steps are summarized in the Procedure Table.

It is important to summarize the results of a statistical study correctly. The following 

table will help you when you summarize the results.

O B J E C T I V E 

State the five steps used in 

hypothesis testing.

4

Procedure Table

Solving Hypothesis-Testing Problems (Traditional Method)

Step 1 
State the hypotheses and identify the claim.

Step 2 Find the critical value(s) from the appropriate table in Appendix A.

Step 3 Compute the test value.

Step 4 Make the decision to reject or not reject the null hypothesis.

Step 5 Summarize the results.
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Critical Thinking sections at the end 
of each chapter challenge students to 
apply what they have learned to new 
situations while deepening conceptual 
understanding.

Applying the Concepts are end-of- 
section exercises that reinforce the con-
cepts explained in the section. They give 
students an opportunity to think about the 
concepts and apply them to hypothetical 
examples similar to real-life ones. 

Data Projects, which appear at 
the end of each chapter, further 
challenge students’ understanding 
and application of the material 
presented in the chapter. Many of 
these require the student to gather, 
analyze, and report on real data.

 

Section 5–3 The Binomial Distribution 
285

5–29

 Extending the Concepts

33. Children in a Family The graph shown here represents 

the probability distribution for the number of girls in
 a 

family of three children. From this graph, construct a 

probability distribution.

Pr
ob

ab
ili

ty

1
Number of girls

0

2
30.250

0.375

0.125

X

P(X )

34. Construct a binomial distribution graph for the number 

of defective computer chips in a lot of 4 if p = 0.3.

35. Show that the mean for a binomial random variable  

X with n = 3 is 3p.

Step by Step

Binomial Random Variables

To find the probability for a binomial variable:

Press 2nd [DISTR] then A (ALPHA MATH) for binompdf.

The form is binompdf(n,p,X). On some calculators, you will have a menu showing “trials” (n), 

“p”, and x-value (X). After inputting the values, you will select PASTE and press ENTER. This 

will then show binompdf(n,p,X) for the values you entered.

Example: n = 20, X = 5, p = .05 (Example 5–20a from the text) 

binompdf(20,.05,5), then press ENTER for the probability.

Example: n = 20, X = 0, 1, 2, 3, p = .05 (Example 5–20b from the text).

binompdf(20,.05,{0,1,2,3}), then press ENTER.

The calculator will display the probabilities in a list. U
se the arrow keys to view the entire 

display.

    

    

To find the cumulative probability for a binomial random variable:

Press 2nd [DISTR] then B (ALPHA APPS) for binomcdf

The form is binomcdf(n,p,X). This will calculate the cumulative probability for values from  

0 to X.

Example: n = 20, X = 0, 1, 2, 3, p = .05 (Example 5–20b from the text)

binomcdf(20,.05,3), then press ENTER.

To construct a binomial probability table:

1. Enter the X values (0 through n) into L1.

2. Move the cursor to the top of the L2 column so that L2 is h
ighlighted.

3. Type the command binompdf(n,p,L1), th
en press ENTER.

 Technology

TI-84 Plus 

Step by Step

Technology Step by Step 
boxes instruct students how 
to use Excel, TI-84 Plus graph-
ing calculators, and MINITAB 
to solve the types of problems 
covered in the section. Numer-
ous computer or calculator 
screens are displayed as well as 
numbered steps.
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 SPEAKING OF STATISTICS The Mathematics of Gambling

Gambling is big business. There are state lotteries, ca-

sinos, sports betting, and church bingos. It seems that 

today everybody is either watching or playing Texas 

Hold ’Em Poker.Using permutations, combinations, and the prob-

ability rules, mathematicians can find the probabilities of 

various gambling games. Here are the probabilities of 

the various 5-card poker hands.

The chance of winning at gambling games can be 

compared by using what is called the house advan-

tage, house edge, or house percentage. For example, 

the house advantage for roulette is about 5.26%, which 

means in the long run, the house wins 5.26 cents on 

every $1 bet; or you will lose, on average, 5.26 cents on 

every $1 you bet. The lower the house advantage, the 

more favorable the game is to you.
For the game of craps, the house advantage is any-

where between 1.4 and 15%, depending on what you bet 

on. For the game called Keno, the house advantage is 

29.5%. The house advantage for Chuck-a-Luck is 7.87%, 

Hand 
 Number of ways 

Probability

Straight flush 
40 

0.000015

Four of a kind 
624 

0.000240

Full house 
3,744 

0.001441

Flush 

5,108 
0.001965

Straight 
10,200 

0.003925

Three of a kind 
54,912 

0.021129

Two pairs 
123,552 

0.047539

One pair 
1,098,240 

0.422569

Less than one pair  1,302,540 
0.501177

  Total 
2,598,960 

1.000000

and for Baccarat, it is either 1.36 or 1.17%, depending on 

your bet.
Slot machines have a house advantage anywhere 

from about 4 to 10% depending on the geographic 

 location, such as Atlantic City, Las Vegas, and Mis-

sissippi, and the amount put in the machine, such as 

5 cents, 25 cents, and $1.Actually, gamblers found winning strategies for the 

game blackjack or 21, such as card counting. However, 

the casinos retaliated by using multiple decks and by 

banning card counters.

 Applying the Concepts 4–5Counting Rules and Probability
One of the biggest problems for students when doing probability problems is to decide which 

 formula or formulas to use. Another problem is to decide whether two events are indepen

dent or dependent. Use the following problem to help develop a better understanding of these 

concepts.
Assume you are given a fivequestion multiplechoice quiz. Each question has 5 possible 

 answers: A, B, C, D, and E. 1. How many events are there?
 2. Are the events independent or dependent?

 3. If you guess at each question, what is the probability that you get all of them correct?

 4. What is the probability that a person guesses answer A for each question?
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Using your calculator, complete the table and verify 

that for at least a 50% chance of 2 people having the 

same birthday, 23 or more people will be needed.

  
Probability

  
that at least

 Number of  
2 have the

  people 
same birthday

 1 
0.000

 2 
0.003

 5 
0.027

 10
 15
 20
 21
 22
 23

 4. Contracting a Disease We know that if the probability 

of an event happening is 100%, then the event is a cer

tainty. Can it be concluded that if there is a 50% chance 

of contracting a communicable disease through contact 

with an infected person, there would be a 100% chance of 

contracting the disease if 2 contacts were made with the 

infected person? Explain your answer.

Actually, the number is much smaller than you 

may think. For example, if you have 50 people in a room, 

the probability that 2 people will have the same birthday 

is 97%. If you have 23 people in a room, there is a 50% 

probability that 2 people were born on the same day!

The problem can be solved by using the probability 

rules. It must be assumed that all birthdays are equally 

likely, but this assumption will have little effect on the 

 answers. The way to find the answer is by using the 

 complementary event rule as P(2 people having the same 

birthday) = 1 − P(all have different birthdays).

For example, suppose there were 3 people in the 

room. The probability that each had a different birthday 

would be

   365 ____ 
365

    ·    364 ____ 
365

    ·    363 ____ 
365

    =    365P3 _____ 
3653    = 0.992

Hence, the probability that at least 2 of the 3 people will 

have the same birthday will be

1 − 0.992 = 0.008

Hence, for k people, the formula is

P(at least 2 people have the same birthday) 

= 1 –    365Pk _____ 
365k

   

 1. Business and Finance Select a pizza restaurant and a 

sandwich shop. For the pizza restaurant look at the menu 

to determine how many sizes, crust types, and toppings 

are available. How many different pizza types are pos

sible? For the sandwich shop determine how many breads, 

meats, veggies, cheeses, sauces, and condiments are avail

able. How many different sandwich choices are possible?

 2. Sports and Leisure When poker games are shown 

on television, there are often percentages displayed 

that show how likely it is that a certain hand will win. 

Investigate how these percentages are determined. Show 

an example with two competing hands in a Texas Hold 

’Em game. Include the percentages that each hand will 

win after the deal, the flop, the turn, and the river.

 3. Technology A music player or music organization pro

gram can keep track of how many different artists are in 

a library. First note how many different artists are in your 

music library. Then find the probability that if 25 songs 

are selected at random, none will have the same artist.

 4. Health and Wellness Assume that the gender distri

bution of babies is such that onehalf the time females 

are born and onehalf the time males are born. In a 

family of 3 children, what is the probability that all are 

girls? In a family of 4? Is it unusual that in a family 

with 4 children all would be girls? In a family of 5?

 5. Politics and Economics Consider the U.S. Senate. 

Find out about the composition of any three of the 

Senate’s standing committees. How many differ

ent committees of Senators are possible, knowing 

the party composition of the Senate and the number 

of committee members from each party for each 

committee?

 6. Your Class Research the famous Monty Hall probabil

ity problem. Conduct a simulation of the Monty Hall 

problem online using a simulation program or in class 

using live “contestants.” After 50 simulations compare 

your results to those stated in the research you did. Did 

your simulation support the conclusions?

 Data Projects

 Answers to Applying the Concepts

Section 4–1  Tossing a Coin

 1. The sample space is the listing of all possible outcomes 

of the coin toss.

 2. The possible outcomes are heads or tails.

 3. Classical probability says that a fair coin has a 50% 

chance of coming up heads and a 50% chance of  coming 

up tails.

 4. The law of large numbers says that as you increase the 

number of trials, the overall results will approach the 

484 Chapter 8 Hypothesis Testing

 20. Experience of Taxi Drivers A taxi company claims 
that its drivers have an average of at least 12.4 years’ 
experience. In a study of 15 randomly selected taxi 
drivers, the average experience was 11.2 years. The 
standard deviation was 2. At α = 0.10, is the number of 
years’ experience of the taxi drivers really less than the 
taxi company claimed?

 21. Ages of Robbery Victims A recent study in a small 
city stated that the average age of robbery victims was 
63.5 years. A random sample of 20 recent victims  
had a mean of 63.7 years and a standard deviation of  
1.9 years. At α = 0.05, is the average age higher than 
originally believed? Use the P-value method.

 22. First-Time Marriages A magazine article stated that 
the average age of women who are getting married 
for the first time is 26 years. A researcher decided to 
test this hypothesis at α = 0.02. She selected a random 
sample of 25 women who were recently married for  
the first time and found the average was 25.1 years.  
The standard deviation was 3 years. Should the null 
hypothesis be rejected on the basis of the sample?

 23. Survey on Vitamin Usage A survey in Men’s Health 
magazine reported that 39% of cardiologists said that 
they took vitamin E supplements. To see if this is still 
true, a researcher randomly selected 100 cardiologists 
and found that 36 said that they took vitamin E  
supplements. At α = 0.05, test the claim that 39% of 
the cardiologists took vitamin E supplements.

 24. Breakfast Survey A dietitian read in a survey that at 
least 55% of adults do not eat breakfast at least 3 days 
a week. To verify this, she selected a random sample of 
80 adults and asked them how many days a week they 
skipped breakfast. A total of 50% responded that they 
skipped breakfast at least 3 days a week. At α = 0.10, 
test the claim.

 25. Caffeinated Beverage Survey A Harris Poll found 
that 35% of people said that they drink a caffeinated 
beverage to combat midday drowsiness. A recent survey 
found that 19 out of 48 randomly selected people stated 

that they drank a caffeinated beverage to combat midday 
drowsiness. At α = 0.02, is the claim of the percentage 
found in the Harris Poll believable?

 26. Radio Ownership A magazine claims that 75% of 
all teenage boys have their own radios. A researcher 
wished to test the claim and selected a random sam-
ple of 60 teenage boys. She found that 54 had their own 
radios. At α = 0.01, should the claim be rejected?

 27. Find the P-value for the z test in Exercise 15. 
P-value = 0.0316

 28. Find the P-value for the z test in Exercise 16. 
P-value < 0.0001

 29. Pages in Romance Novels A copyeditor thinks the 
standard deviation for the number of pages in a romance 
novel is greater than 6. A random sample of 25 novels 
has a standard deviation of 9 pages. At α = 0.05, is it 
higher, as the editor hypothesized?

 30. Seed Germination Times It has been hypothesized 
that the standard deviation of the germination time of 
radish seeds is 8 days. The standard deviation of a ran-
dom sample of 60 radish plants’ germination times was 
6 days. At α = 0.01, test the claim.

 31. Pollution By-products The standard deviation of the 
pollution by-products released in the burning of  
1 gallon of gas is 2.3 ounces. A random sample of  
20 automobiles tested produced a standard deviation 
of 1.9 ounces. Is the standard deviation really less than 
previously thought? Use α = 0.05.

 32. Strength of Wrapping Cord A manufacturer claims 
that the standard deviation of the strength of wrapping 
cord is 9 pounds. A random sample of 10 wrapping 
cords produced a standard deviation of 11 pounds. At 
α = 0.05, test the claim. Use the P-value method.

 33. Find the 90% confidence interval of the mean in Exer-
cise 15. Is μ contained in the interval? 28.9 < μ < 31.2; no

 34. Find the 95% confidence interval for the mean in  
Exercise 16. Is μ contained in the interval?  
$6562.81 < μ < $6637.19; no

The power of a test (1 − β) can be calculated when a  
specific value of the mean is hypothesized in the alternative 
hypothesis; for example, let H0: μ = 50 and let H1: μ = 52. 
To find the power of a test, it is necessary to find the value 
of β. This can be done by the following steps:

Step 1  For a specific value of α find the corresponding 

value of   
__

 X  , using z =     
__

 X  − μ ______ σ∕ √
__

 n  
    , where μ is the  

hypothesized value given in H0. Use a right- 
tailed test.

Step 2  Using the value of   
__

 X   found in step 1 and the  
value of μ in the alternative hypothesis,  
find the area corresponding to z in the 

formula z =     
__

 X  − μ ______ σ∕ √
__

 n  
   .

Step 3  Subtract this area from 0.5000. This is the value  
of β.

Step 4  Subtract the value of β from 1. This will give you 
the power of a test. See Figure 8 –41.

 Critical Thinking Challenges

8–72

blu55339_FM_i-xxiv.indd   13 17/10/16   8:07 pm



McGraw-Hill conducted in-depth research to create a new learning experience that meets 
the needs of students and instructors today. The result is a reinvented learning experi-
ence rich in information, visually engaging, and easily accessible to both instructors and 
 students.

• McGraw-Hill’s Connect is a Web-based assignment and assessment platform that 
helps students connect to their coursework and prepares them to succeed in and 
 beyond the course.

• Connect enables math and statistics instructors to create and share courses and 
 assignments with colleagues and adjuncts with only a few clicks of the mouse.  
All exercises, learning objectives, and activities are vetted and developed by math 
instructors to ensure consistency between the textbook and the online tools.

• Connect also links students to an interactive eBook with access to a variety of 
media assets and a place to study, highlight, and keep track of class notes. 

To learn more, contact your sales rep or visit www.connectmath.com.

ALEKS is a Web-based program that uses artificial intelligence to assess a student’s 
knowledge and provide personalized instruction on the exact topics the student is most 
ready to learn. By providing individualized assessment and learning, ALEKS helps stu-
dents to master course content quickly and easily. ALEKS allows students to easily move 
between explanations and practice, and it provides intuitive feedback to help students 
correct and analyze errors. ALEKS also includes a powerful instructor module that sim-
plifies course management so instructors spend less time with administrative tasks and 
more time directing student learning.

ALEKS 360 is a new cost-effective total course solution: fully integrated, interactive 
eBook, including lecture and exercise videos tied to the textbook, combined with ALEKS 
personalized assessment and learning. 

To learn more about ALEKS and ALEKS 360, contact your sales rep or visit 
www.aleks.com.

SmartBook is the first and only adaptive reading experience available for the higher edu-
cation market. Powered by the intelligent and adaptive LearnSmart engine, SmartBook 
facilitates the reading process by identifying what content a student knows and doesn’t 
know. As a student reads, the material continuously adapts to ensure the student is fo-
cused on the content he or she needs the most to close specific knowledge gaps.

With McGraw-Hill CreateTM, you can easily rearrange chapters, combine material from 
other content sources, and quickly upload content you have written such as your course 
syllabus or teaching notes. Find the content you need in Create by searching through 
 thousands of leading McGraw-Hill textbooks. Arrange your book to fit your teaching style. 
Create even allows you to personalize your book’s appearance by selecting the cover and 
adding your name, school, and course information. Assemble a Create book, and you’ll  
receive a complimentary print review copy in 3–5 business days or a complimentary  
electronic review copy (eComp) via email in minutes. Go to www.mcgrawhillcreate 
.com today and experience how McGraw-Hill CreateTM empowers you to teach your stu-
dents your way.

S U P P L E M E N T S
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Instructor’s Testing and Resource Online
This computerized test bank, available online to adopting instructors, utilizes TestGen® 
cross-platform test generation software to quickly and easily create customized exams. 
Using hundreds of test items taken directly from the text, TestGen allows rapid test cre-
ation and flexibility for instructors to create their own questions from scratch with the 
ability to randomize number values. Powerful search and sort functions help quickly  
locate questions and arrange them in any order, and built-in mathematical templates let 
instructors insert stylized text, symbols, graphics, and equations directly into questions 
without need for a separate equation editor.

MegaStat®

MegaStat® is a statistical add-in for Microsoft Excel, handcrafted by J. B. Orris of Butler 
University. When MegaStat is installed, it appears as a menu item on the Excel menu  
bar and allows you to perform statistical analysis on data in an Excel workbook. The 
 MegaStat plug-in can be purchased at www.mhhe.com/megastat.

MINITAB Student Release 17
The student version of MINITAB statistical software is available with copies of the text.
Ask your McGraw-Hill representative for details.

SPSS Student Version for Windows
A student version of SPSS statistical software is available with copies of this text. Consult 
your McGraw-Hill representative for details.

MINITAB 17 Manual
This manual provides the student with how-to information on data and file management, 
conducting various statistical analyses, and creating presentation-style graphics while 
following examples from the text.

TI-84 Plus Graphing Calculator Manual
This friendly, practical manual teaches students to learn about statistics and solve prob-
lems by using these calculators while following examples from the text.

Excel Manual
This resource, specially designed to accompany the text, provides additional practice in 
applying the chapter concepts while using Excel.

Instructor’s Solutions Manual (instructors only)
This manual includes worked-out solutions to all the exercises in the text and answers to 
all quiz questions. This manual can be found online at www.mhhe.com/bluman.

Student’s Solutions Manual
This manual contains detailed solutions to all odd-numbered text problems and answers 
to all quiz questions.

Guided Student Notes
Guided notes provide instructors with the framework of day-by-day class activities for 
each section in the book. Each lecture guide can help instructors make more efficient use 
of class time and can help keep students focused on active learning. Students who use the 
lecture guides have the framework of well-organized notes that can be completed with 
the instructor in class.

Lecture and Exercise Videos
Videos address concepts and problem-solving procedures to help students comprehend 
topics throughout the text. They show students how to work through selected exercises, 
following methodology employed in the text.

 Supplements xv
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Airport Parking, 122
Public Libraries, 116
Traveler Spending, 143
Vacation Days, 159
Visitors Who Travel to Foreign 

Countries, 173
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Probability and Counting 
Rules
Buildings and Structures
Building a New Home, 209
Business, Management, and Work
Distribution of CEO Ages, 200
Employee Health Care Plans, 249
Job Applications, 245
Personnel Classification, 250
Research and Development 

Employees, 203
Starting Salaries, 251
Types of Copy Paper, 249
Unemployed Workers, 216
Working Women and Computer 

Use, 223
Demographics and Population 
Characteristics
Blood Types and Rh Factors, 224
Distribution of Blood Types, 194
Education Level and Smoking, 249
Education of Factory 

Employees, 252
Eye Color, 252
Foreign Adoptions, 225
Gender of Children, 187, 199
Human Blood Types, 199
Living Arrangements for 

Children, 200
Male Color Blindness, 214
Marital Status of Women, 225
Names for Boys, 249
Population of Hawaii, 200
U.S. Population, 207
War Veterans, 249
Young Adult Residences, 207
Education and Testing
College Courses, 224
College Debt, 199
College Degrees Awarded, 206
College Enrollment, 226, 249
College Fundraiser, 208
Computers in Elementary 

Schools, 199
Doctoral Assistantships, 225
Educational Fellowship, 245
Online Course Selection, 248
Prison Education, 208
Reading to Children, 225
Required First-Year College 

Courses, 200

Scholarships, 251
Student Financial Aid, 223
Term Paper Selection, 243
Entertainment
2014 Top Albums, 199
Casino Gambling, 248
Child’s Board Game, 226
Craps Game, 199
de Mere Dice Game, 252
Dominoes, 237
Film Showings, 235
Getting a Full House, 245
Movie Releases, 248
Movie Selections, 249
Movies at the Park, 233
Odds, 201
Poker Hands, 237
Quinto Lottery, 235
State Lottery Number, 243
The Mathematics of Gambling, 

244
Winning a Door Prize, 223
Winning Tickets, 245
World-Class Orchestras, 245
Video and Computer Games, 222
Video Games, 225
Yahtzee, 250

Environmental Sciences, the Earth, 
and Space
Apple Production, 209
Bad Weather, 249
Endangered Amphibians, 235
Endangered Species, 202, 207
Lightning Strikes, 224
Plant Selection, 246
Sources of Energy Uses in the 

United States, 199

Food and Dining
Banquet Meal Choices, 252
Breakfast Drink, 248
Favorite Ice Cream, 204
Inspecting Restaurants, 236
Pizzas and Salads, 224
Purchasing a Pizza, 209
Snack Foods, 207

Government, Taxes, Politics, Public 
Policy, and Voting
Congressional Terms, 224
Federal Government Revenue, 200
Government Employees, 222
Mail Delivery, 208
Senate Partisanship, 245
Territorial Selection, 250
Law and Order: Criminal Justice
Bank Robberies, 214
Crimes Committed, 200
Female Prison Inmates, 223
Guilty or Innocent?, 221
Prison Populations, 222, 223
Victims of Violence, 193

Manufacturing and Product 
Development
Defective Batteries, 223
Defective Integrated Circuits, 242
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Car Sales, 306
CD Purchases, 307
Color of Raincoats, 308
Company Mailing, 299
Credit Cards, 304
Customers in a Bank, 305
Internet Purchases, 284
Mail Ordering, 299
Phone Customers, 305
Shoe Purchases, 304
Suit Sales, 272

Medicine, Clinical Studies, and 
Experiments
Drug Prescriptions, 298
Flu Shots, 305
High Blood Pressure, 283
Pooling Blood Samples, 257, 306

Psychology and Human Behavior
Calls for a Crisis Hotline, 307

Sports, Exercise, and Fitness
Fitness Machine, 272
Goals in Hockey, 264
Shooting an Arrow, 299
Sports Score Hot Line Calls, 308

Surveys and Culture
Belief in UFOs, 283
Shower or Bath Preferences, 300
Survey on Automobiles 

Owned, 272
Survey on Bathing Pets, 284
Survey on Doctor Visits, 278
Survey on Employment, 278
Survey on Fear of Being Home 

Alone at Night, 279
Survey of High School 

Seniors, 284

Technology
Cell Phones per Household, 307
Computer Assistance, 306
Internet Access via Cell 

Phone, 305
Toll-Free Telephone Calls, 292

The Sciences
Colors of Flowers, 299
Elm Trees, 308
Mendel’s Theory, 298
Transportation
Airline Accidents, 284
Arrivals at an Airport, 305
Carpooling, 307
Driver’s Exam, 307
Driving While Intoxicated, 280
Emissions Inspection 

Failures, 299
Self-Driving Automobile, 305
Traffic Accidents, 272
Truck Inspection Violations, 298
Travel and Leisure
Boating Accidents, 306
Bowling Team Uniforms, 308
Destination Weddings, 283
Lost Luggage in Airlines, 306
Outdoor Regatta, 305

Entertainment
Amusement Park Game, 299
Card Game, 305
Chuck-a-Luck, 308
Coins, Births, and Other Random 

(?) Events, 262
Daily Newspapers, 272
Lottery Numbers, 308
Lottery Prizes, 273
On Hold for Talk Radio, 269
Roulette, 273
UNO Cards, 270
Watching Fireworks, 284
Winning the Lottery, 273
Winning Tickets, 270

Environmental Sciences, the Earth, 
and Space
Alternate Sources of Fuel, 284
Herbicides, 290
Household Wood Burning, 305
Radiation Exposure, 271

Food and Dining
Coffee Shop Customers, 290
Coffee with Meals, 272
Items Donated to a Food 

Bank, 306
M&M’s Color Distribution, 298
Pizza Deliveries, 273
Pizza for Breakfast, 305
Unsanitary Restaurants, 282
Government, Taxes, Politics, Public 
Policy, and Voting
Accuracy Count of Votes, 306
Federal Government Employee 

E-mail Use, 284
Income Tax Errors, 307
Poverty and the Federal 

Government, 284
History
Rockets and Targets, 297
Law and Order: Criminal Justice
Calls for a Fire Company, 307
Emergency Calls, 304
Prison Inmates, 283
Sentencing Intoxicated 

Drivers, 281
Study of Robberies, 298
U.S. Police Chiefs and the Death 

Penalty, 305
Manufacturing and Product 
Development
Defective Calculators, 299
Defective Compressor Tanks, 295
Defective Computer Keyboards, 299
Defective DVDs, 306
Defective Electronics, 299
Guidance Missile System, 283
Misprints on Manuscript Pages, 299
Quality Control Check, 307
Marketing, Sales, and Consumer 
Behavior
Advertising, 283
Auto Repair Insurance, 299
Cans of Paint Purchased, 305

Fatal Accidents, 225
License Plates, 250
Licensed Drivers in the United 

States, 208
Motor Cycle License Plates, 249
Motor Vehicle Accidents, 200
Motor Vehicle Producers, 247
New Cars, 248
On-Time Airplane Arrivals, 225
Parking Tickets, 219
Railroad Accidents, 237
Railroad Memorial License 

Plates, 229
Riding to School, 207
Rural Speed Limits, 199
Seat Belt Use, 222
Types of Vehicles, 226
Travel and Leisure
Bowling and Club Membership, 251
Carry-on Items, 249
Country Club Activities, 224
Cruise Ship Activities, 252
Travel over the Thanksgiving 

Holiday, 194
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Discrete Probability 
Distributions
Buildings and Structures
New Home Plans, 272

Business, Management, and Work
Accounting Errors, 306
Assistant Manager Applicants, 294
Employed Women, 307
Job Applicants, 299
Job Bids, 273
Job Elimination, 284
Work versus Conscience, 300

Demographics and Population 
Characteristics
Alcohol Abstainers, 308
American and Foreign-Born 

Citizens, 284
Blood Types, 296, 300, 308
Language Spoken at Home by the 

U.S. Population, 283
Left-Handed People, 293
Runaways, 284
Unmarried Women, 305

Economics and Investment
Benford’s Law, 272
Bond Investment, 271
House Insurance, 295

Education and Testing
Dropping College Courses, 263
High School Dropouts, 283
Lessons Outside of School, 300
Mathematics Tutoring Center, 264
People Who Have Some College 

Education, 283
Teachers and Summer 

Vacation, 300

Defective Items, 223
Defective Resistors, 245
Factory Output, 248
Flashlight Batteries, 223
Garage Door Openers, 234
Lock Codes, 229
T-shirt Factories, 248
Marketing, Sales, and Consumer 
Behavior
Appliance Ownership, 251
Commercials, 226
Customer Purchases, 225
Free-Sample Requests, 236
Gift Baskets, 224
Homeowner’s and Automobile 

Insurance, 216
Lawnmower and Weed Wacker 

Ownership, 248
New-Car Warranty, 251
Purchasing Sweaters, 248
Sales, 223
Shopping Mall Promotion, 198
Test Marketing Products, 237
Ties, 221
Medicine, Clinical Studies, and 
Experiments
Autism, 225
Chronic Sinusitis, 249
Doctor Specialties, 224
Effectiveness of a Vaccine, 248
Emergency Room Tests, 208
Heart Attacks, 252
Heart Disease, 224
Medical Patients, 208
Medical Specialties, 207
Medical Tests on Emergency 

Patients, 208
Medical Treatment, 200
Medication Effectiveness, 225
Multiple Births, 207
U.S. Organ Transplants, 226
Which Pain Reliever Is Best?, 206
Psychology and Human Behavior
Sleep Hours, 195
Would You Bet Your Life?, 185, 250
Sports, Exercise, and Fitness
Baseball Players, 249
Exercise Preference, 247
Football Team Selection, 246
Health Club Membership, 248
Leisure Time Exercise, 225
Tennis Tournament, 243
Surveys and Culture
Survey on Women in the 

Military, 219
Technology
Cell Phone Models, 236
Passwords, 235
Smart TVs, 223
Software Selection, 247
Transportation
Automobile Insurance, 223
Automobile Sales, 222
Driving While Intoxicated, 205
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Demographics and Population 
Characteristics
Ages of Insurance 

Representatives, 410
Marriages in the United States, 407
Economics and Investment
Credit Union Assets, 376
Home Ownership Rates, 404
NYSE Stock Prices, 388
Stock Prices, 404

Education and Testing
Adult Educational Activities, 408
Age of College Students, 404
Child Care Programs, 408
Cost of Texts, 409
Covering College Costs, 392
Day Care Tuition, 380
Educational Television, 396
Freshmen GPAs, 379
High School Graduates Who Take 

the SAT, 396
Hours Spent Studying, 410
Number of Faculty, 379
SAT Scores, 404
Students Who Major in 

Business, 396
Undergraduate GPAs, 380

Entertainment
Lengths of Children’s Animated 

Films, 407, 408

Environmental Sciences, the Earth, 
and Space
Length of Growing Seasons, 380
Named Storms, 402
Number of Farms, 380
Temperature on Thanksgiving 

Day, 385
Thunderstorm Speeds, 387
Travel to Outer Space, 396
Unhealthy Days in Cities, 388
Water Temperature, 380

Food and Dining
Cost of Pizzas, 380
Fast-Food Bills for Drive-Thru 

Customers, 379

Government, Taxes, Politics, Public 
Policy, and Voting
Money Spent on Road Repairs, 410
Parking Meter Revenue, 388
State Gasoline Taxes, 387
Women Representatives in State 

Legislature, 387

History
Ages of Presidents at Time of 

Death, 403

Law and Order: Criminal Justice
Assault Victims, 391
Automobile Thefts, 377
Burglaries, 410
Gun Control, 397
Manufacturing and Product 
Development
Baseball Diameters, 408

Public Health and Nutrition
Calories in Fast-Food 

Sandwiches, 366
Cholesterol Content, 353
Sodium in Frozen Food, 363
Sports, Exercise, and Fitness
Batting Averages, 358
Number of Baseball Games 

Played, 336
Number of Runs Made, 340
Surveys and Culture
Sleep Survey, 365
Technology
Cell Phone Lifetimes, 352
Computer Ownership, 365
Cost of Smartphone  

Repair, 362
Cost of Personal Computers, 339
Household Online 

Connection, 365
Internet Browsers, 360
Internet Users, 340
Monthly Spending for Paging and 

Messaging Services, 362
Smartphone Ownership, 360
Wireless Sound System 

Lifetimes, 363

The Sciences
Cat Behavior, 339
Newborn Elephant Weights, 338
Ragweed Allergies, 357
Transportation
Ages of Amtrak Passenger 

Cars, 339
Commute Time to Work, 338
Commuter Train Passengers, 362
Drive Times, 348
Falling Asleep While Driving, 356
Miles Driven Annually, 338
Parking Lot Construction, 361
Passengers on a Bus, 365
Potholes, 338
Price of Gasoline, 338
Times to Travel to School, 351

Travel and Leisure
Cost of Overseas Trip, 352
Mountain Climbing Safety, 359
Thickness of Library Books, 365

C H A P T E R  7

Confidence Intervals and 
Sample Size
Buildings and Structures
Home Fires Started by 

Candles, 385

Business, Management, and Work
Dog Bites to Postal Workers, 407
Number of Jobs, 379
Overtime Hours Worked, 387
Work Interruptions, 396
Worktime Lost Due to 

Accidents, 387

Drive-in Movies, 340
Hours That Children Watch 

Television, 347
Movie Ticket Prices, 352
Slot Machine Earnings, 362
Slot Machines, 363

Environmental Sciences, the Earth, 
and Space
Amount of Rain in a City, 365
Average Precipitation, 363
Earthquakes, 352
Electric Bills, 365
Glass Garbage Generation, 352
Heights of Active Volcanoes, 363
Monthly Newspaper 

Recycling, 330
Monthly Precipitation for 

Miami, 353
Temperatures for Pittsburgh, 340
Water Use, 352

Food and Dining
Bottled Drinking Water, 339
Confectionary Products, 363
Mistakes in Restaurant 

Bills, 360
Sports Drink Consumption, 365

Government, Taxes, Politics, Public 
Policy, and Voting
Cigarette Taxes, 340
Medicare Hospital Insurance, 353
Social Security Payments, 340
Law and Order: Criminal Justice
Larceny Thefts, 363
Police Academy Acceptance 

Exams, 339
Police Academy Qualifications, 333
Population in U.S. Jails, 337
Prison Sentences, 338
Manufacturing and Product 
Development
Breaking Strength of Steel 

Cable, 353
Life of Smoke Detectors, 352
Repair Cost for Microwave 

Ovens, 365
Wristwatch Lifetimes, 339
Marketing, Sales, and Consumer 
Behavior
Credit Card Debt, 338
Mail Order, 360
Product Marketing, 339
Technology Inventories, 335
Medicine, Clinical Studies, and 
Experiments
Back Injuries, 360
Heart Rates, 338
Lengths of Hospital Stays, 339
Liters of Blood in Adults, 329
Normal Ranges for Vital 

Statistics, 311, 364
Per Capita Spending on Health 

Care, 362
Qualifying Test Scores, 339
Systolic Blood Pressure, 334, 353
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The Normal Distribution
Buildings and Structures
New Home Prices, 339
New Home Sizes, 339

Business, Management, and Work
Automobile Workers, 337
Multiple-Job Holders, 363
Number of Bank Branches, 322
Retirement Income, 363
Salaries for Actuaries, 362
Working Weekends, 349
Unemployment, 365

Demographics and Population 
Characteristics
Ages of Proofreaders, 353
Amount of Laundry Washed Each 

Year, 353
Heights of People, 365
Life Expectancies, 353
New Residences, 352
Per Capita Income of Delaware 

Residents, 353
Population of College Cities, 360
Residences of U.S. Citizens, 360
Single Americans, 360
Small Business Owners, 360
U.S. Population, 363

Economics and Investment
Home Ownership, 360
Home Values, 353
Itemized Charitable 

Contributions, 339
Monthly Mortgage Payments, 338

Education and Testing
Doctoral Student Salaries, 338
Elementary School Teachers, 361
Enrollment in Personal Finance 

Course, 363
Exam Scores, 340
Female Americans Who Have 

Completed 4 Years of 
College, 360

GMAT Scores, 366
High School Competency Test, 339
Private Four-Year College 

Enrollment, 363
Reading Improvement Program, 339
Salary of Full Professors, 338
SAT Scores, 338, 340, 352
School Enrollment, 360
Smart People, 337
Teachers’ Salaries, 337
Teachers’ Salaries in 

Connecticut, 352
Teachers’ Salaries in North 

Dakota, 352
TIMSS Test, 353
Years to Complete a Graduate 

Program, 365

Entertainment
Box Office Revenues, 340
Decibels at a Concert, 331
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Cost of Braces, 449
Cost of Rehabilitation, 430
Doctor Visits, 450
Female Physicians, 458
Hospital Infections, 444
Medical Operations, 450
Outpatient Surgery, 465
Sleep Time, 449
Sunlight after Surgery, 448
Time Until Indigestion Relief, 481
Weight Loss of Newborns, 436
Public Health and Nutrition
After-School Snacks, 458
Alcohol and Tobacco Use by High 

School Students, 481
Calories in Pancake Syrup, 470
Carbohydrates in Fast Foods, 469
Chocolate Chip Cookie 

Calories, 449
Cigarette Smoking, 449
Eggs and Your Health, 425
Nicotine Content of Cigarettes, 

448, 466, 470
Obese Young People, 454
Quitting Smoking, 457
Vitamin C in Fruits and Veg-

etables, 470
Youth Smoking, 458
Sports, Exercise, and Fitness
Exercise to Reduce Stress, 458
Football Injuries, 458
Games Played by NBA Scoring 

Leaders, 482
Golf Scores, 470
Joggers’ Oxygen Uptake, 447
Surveys and Culture
Breakfast Survey, 484
Caffeinated Beverage Survey, 484
Life on Other Planets, 457
Survey on Vitamin Usage, 484
Technology
Cell Phone Bills, 450
Cell Phone Call Lengths, 450
Facebook Friends, 435
Internet Visits, 450
MP3 Ownership, 481
Radio Ownership, 484
Telephone Calls, 436
Transferring Phone Calls, 469
The Sciences
Hog Weights, 475
Plant Leaf Lengths, 482
Seed Germination Times, 484
Whooping Crane Eggs, 481
Transportation
Automobiles Purchased, 458
Commute Time to Work, 450
Daily Driving, 436
Distance to Supermarkets, 470
Experience of Taxi Drivers, 484
First-Class Airline 

Passengers, 459
Fuel Consumption, 481, 482
Interstate Speeds, 470

IQ Test, 464
Medical School Applications, 437
Medical School Choices, 481
SAT Tests, 428
Student Expenditures, 436
Teaching Assistants’ Stipends, 450
Undergraduate Enrollment, 458
Entertainment
Movie Admission Prices, 481
Moviegoers, 435
Newspaper Reading Times, 479
Television Set Ownership, 458
Television Viewing by Teens, 449
Trifecta Winnings, 481
Environmental Sciences, the Earth, 
and Space
Farm Sizes, 437
Heights of Volcanoes, 470
High Temperatures in January, 470
Natural Gas Heat, 458
Pollution By-products, 484
Recycling, 458
Tornado Deaths, 470
Warming and Ice Melt, 435
Water Consumption, 450
Wind Speed, 432
Food and Dining
Chewing Gum Use, 483
Soft Drink Consumption, 436
Takeout Food, 458
Government, Taxes, Politics, Public 
Policy, and Voting
IRS Audits, 478
Lifetime of $1 Bills, 480
Replacing $1 Bills with 

$1 Coins, 455
Salaries of Government 

Employees, 436
Law and Order: Criminal Justice
Ages of Robbery Victims, 484
Car Thefts, 434
Federal Prison Populations, 481
Prison Sentences, 436
Prison Time, 479
Speeding Tickets, 437
Manufacturing and Product 
Development
Breaking Strength of Cable, 437
Manufactured Machine Parts, 470
Soda Bottle Content, 469
Strength of Wrapping Cord, 484
Sugar Packaging, 474
Weights on Men’s Soccer 

Shoes, 481
Marketing, Sales, and Consumer 
Behavior
Consumer Protection Agency 

Complaints, 478
Dress Shirts, 436
Shopper Purchases, 481
Medicine, Clinical Studies, and 
Experiments
Aspirin Consumption, 444
Caesarean Babies, 454

Internet Viewing, 380
Smartphone Ownership, 396
Social Networking Sites, 387
Television Set Ownership, 410
Wi-Fi Access, 396

The Sciences
Weights of Elephants, 387

Transportation
Automobile Pollution, 410
Automobile Repairs, 404
Fuel Efficiency of Cars and 

Trucks, 379
Gasoline Use, 380
Manual Transmission 

Automobiles, 395
Self-Driving Cars, 392
Truck Safety Check, 410
Weights of Minivans, 410

Travel and Leisure
Novel Pages, 410
Overseas Travel, 396
Vacation Days, 407
Vacation Sites, 407
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Hypothesis Testing
Buildings and Structures
Cost of Building a Home, 435
Heights of Tall Buildings, 449
Business, Management, and Work
Copy Machine Use, 436
Hourly Wage, 437
Men Aged 65 and Over in the 

Labor Force, 481
Number of Jobs, 450
Revenue of Large Businesses, 435
Sick Days, 435, 437
Working at Home, 479
Demographics and Population 
Characteristics
Age of Psychologists, 469
Ages of Medical Doctors, 427
Ages of Professional Women, 483
Average Family Size, 450
First-Time Births, 478
First-Time Marriages, 484
Heights of 1-Year-Olds, 436
Heights of Models, 483
Runaways, 458

Economics and Investment
Home Closing Costs, 483
Stocks and Mutual Fund 

Ownership, 457

Education and Testing
College Room and Board 

Costs, 470
Cost of College Tuition, 432
Debt of College Graduates, 480
Doctoral Students’ Salaries, 458
Exam Grades, 470
How Much Better is Better on the 

SAT?, 413, 482

Calculator Battery Lifetimes, 405
How Many Tissues Should Be in 

a Box?, 378
Lifetimes of Snowmobiles, 408
Lifetimes of Wristwatches, 404
MPG for Lawn Mowers, 408

Marketing, Sales, and Consumer 
Behavior
Christmas Presents, 380
Costs for a 30-Second Spot on 

Cable Television, 388
Cyber Monday Shopping, 395
Days It Takes to Sell an Aveo, 373
Holiday Gifts, 395
Number of Credit Cards, 407
Pacemaker Batteries, 404

Medicine, Clinical Studies, and 
Experiments
Blood Pressure, 407
Contracting Influenza, 395
Cost of an Operation, 404
Doctor Visit Costs, 409
Emergency Room Accidents, 410
Eye Blinks, 407
Hospital Noise Levels, 380, 388
Number of Patients, 374
Osteoporosis, 402
Patients Treated in Hospital 

Emergency Rooms, 410
Stress Test Results, 388

Psychology and Human Behavior
Stress and the College Student, 

369, 408

Public Health and Nutrition
Calories in a Standard Size Candy 

Bar, 404
Calories in Candy Bars, 387
Carbohydrate Grams in 

Commercial Subs, 379
Carbohydrates in Yogurt, 404
Carbon Monoxide Deaths, 404
Daily Cholesterol Intake, 404
Diet Habits, 396
Obesity, 396
Overweight Men, 379
Skipping Lunch, 410
Sport Drink Decision, 386

Sports, Exercise, and Fitness
Dance Company Students, 387
Indy 500 Qualifier Speeds, 388
U.S. Fitness Guidelines, 396

Surveys and Culture
Belief in Haunted Places, 395
Cat Owners, 408
Does Success Bring 

Happiness?, 394
Political Survey, 410
Shopping Survey, 407
Survey on Politics, 397

Technology
Direct Satellite Television, 396
Home Computers, 394
Home Internet Access, 396

blu55339_FM_i-xxiv.indd   20 17/10/16   8:07 pm



 Index of Applications xxi

Typing Speed and Word 
Processing, 600

Demographics and Population 
Characteristics
Age and Driving Accidents, 602
Age and Net Worth, 572
Age, GPA, and Income, 595
Life Expectancies, 562, 571
Economics and Investment
Oil and Gas Prices, 561, 570
Education and Testing
Absences and Final Grades, 

550, 572
Alumni Contributions, 562, 570
Aspects of Students’ Academic 

Behavior, 596
Class Size and Grades, 563, 571
Faculty and Students, 562, 571
Literacy Rates, 562, 571
More Math Means More Money, 595
Number of Teachers and Pupils 

per Teacher, 551
SAT Scores, 572
State Board Scores, 593
Entertainment
Commercial Movie Releases, 

561, 570
Television Viewers, 572
Environmental Sciences, the Earth, 
and Space
Coal Production, 572
Deaths from Lightning, 600
Farm Acreage, 572
Forest Fires and Acres Burned, 

562, 570

Food and Dining
Special Occasion Cakes, 595

Government, Taxes, Politics, Public 
Policy, and Voting
State Debt and Per Capita Tax, 

562, 570

Law and Order: Criminal Justice
Can Temperature Predict Crime?, 

547, 601
Crimes, 561, 570

Manufacturing and Product 
Development
Copy Machine Maintenance 

Costs, 585

Marketing, Sales, and Consumer 
Behavior
Customer Satisfaction and 

Purchases, 600
Internet Use and Isolation, 601
Product Sales, 603
Puppy Cuteness and Cost, 600

Medicine, Clinical Studies, and 
Experiments
Father’s and Son’s Weights, 572
Fireworks and Injuries, 571
Nursing Home Satisfaction, 595
Prescription Drug Prices, 602

Obstacle Course Times, 516
Overweight Dogs, 516
Physical Therapy, 541
Pulse Rates of Identical 

Twins, 516
Vaccination Rates in Nursing 

Homes, 487, 521, 542
Working Breath Rate, 495
Psychology and Human Behavior
Bullying, 527
Mistakes in a Song, 516
Self-Esteem Scores, 496
Smoking and Education, 524
Toy Assembly Test, 516
Public Health and Nutrition
Calories in Ice Cream, 536
Carbohydrates in Candy, 503, 536
Cholesterol Levels, 512, 516, 543
Hypertension, 525
Sodium Content of Cereals, 542
Sports, Exercise, and Fitness
Batting Averages, 505
Heights of Basketball Players, 544
Hockey’s Highest Scorers, 504
Home Runs, 493, 505
Miniature Golf Scores, 504
PGA Golf Scores, 516
Professional Golfers’ 

Earnings, 504
Surveys and Culture
Desire to Be Rich, 525
Pet Ownership, 525
Smoking Survey, 526
The Sciences
Egg Production, 543
Wolf Pack Pups, 535
Transportation
Airline On-Time Arrivals, 526
Airport Passengers, 533
Automatic Transmissions, 534
Commuters, 525
Commuting Distances for 

Students, 496
Commuting Times, 495
Commuting Times for College 

Students, 496
Gasoline Prices, 504
Seat Belt Use, 525
Travel and Leisure
Driving for Pleasure, 540
Jet Ski Accidents, 543
Leisure Time, 491, 525
Museum Attendance, 537
Recreational Time, 494
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Correlation and Regression
Buildings and Structures
Tall Buildings, 563, 571
Business, Management, and Work
Average Age and Length of 

Service, 562, 571

High School Graduation 
Rates, 526

Improving Study Habits, 515
Lay Teachers in Religious 

Schools, 541
Lecture versus Computer-Assisted 

Instruction, 525
Literacy Scores, 496
Mathematical Skills, 543
Out-of-State Tuitions, 504
Reading Program, 536
Reducing Errors in Grammar, 516
Retention Test Scores, 515
School Teachers’ Salaries, 536
Teachers’ Salaries, 494, 503, 541
Test Scores, 537
Testing After Review, 541
Tuition Costs for Medical 

School, 536
Undergraduate Financial Aid, 526

Entertainment
Gambling, 541
Hours Spent Watching 

Television, 503
Television Watching, 496
Environmental Sciences, the Earth, 
and Space
Air Quality, 515
Average Temperatures, 541
High and Low Temperatures, 541
Waterfall Heights, 503
Winter Temperatures, 536

Food and Dining
Prices of Low-Calorie Foods, 543
Soft Drinks in School, 541

Government, Taxes, Politics, Public 
Policy, and Voting
Money Spent on Road Repair, 544
Monthly Social Security 

Benefits, 495
Tax-Exempt Properties, 503
Law and Order: Criminal Justice
Criminal Arrests, 522
Victims of Violence, 525

Manufacturing and Product 
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Weights of Running Shoes, 503, 536
Weights of Vacuum Cleaners, 503

Marketing, Sales, and Consumer 
Behavior
Coupon Use, 526
Store Sales, 497

Medicine, Clinical Studies, and 
Experiments
Can Video Games Save Lives?, 514
Heart Rates of Smokers, 532
Hospital Stays for Maternity 

Patients, 504
Is More Expensive Better?, 523
Length of Hospital Stays, 495
Medical Supply Sales, 526
Noise Levels in Hospitals, 503, 

535, 541

One-Way Airfares, 478
Stopping Distances, 436
Testing Gas Mileage Claims, 468
Tire Inflation, 482
Transmission Service, 437
Travel Times to Work, 480
Travel and Leisure
Borrowing Library Books, 458
Hotel Rooms, 483
Number of Words in a Novel, 449
Pages in Romance Novels, 484
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Testing the Difference 
Between Two Means, 
Two Proportions, and Two 
Variances
Buildings and Structures
Ages of Homes, 504
Apartment Rental Fees, 543
Heights of Tall Buildings, 536
Heights of World Famous 

Cathedrals, 541
Home Prices, 495, 497
Business, Management, and Work
Animal Bites of Postal 

Workers, 525
Interview Errors, 526
Senior Workers, 526
Too Long on the Telephone, 502
Work Absences, 500
Demographics and Population 
Characteristics
Age Differences, 496
Ages of Dogs, 537
County Size in Indiana and 

Iowa, 536
Family Incomes, 543
Heights of 9-Year-Olds, 495
Male Head of Household, 544
Manual Dexterity 

Differences, 495
Married People, 526
Medical School 

Employments, 504
Never Married People, 526
Per Capita Income, 495
Population and Area, 536
Salaries of Chemists, 543
Economics and Investment
Bank Deposits, 510
Daily Stock Prices, 537
Education and Testing
ACT Scores, 495
Ages of College Students, 496
Average Earnings for College 

Graduates, 497, 541
College Education, 526
Cyber School Enrollment, 504
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The Nature  
of Probability  
and Statistics

1

 STATISTICS TODAY
Is Higher Education “Going Digital”?
Today many students take college courses online and use eBooks. 

Also, many students use a laptop, smartphone, or computer tablet 

in the classroom. With the increased use of technology, some ques-

tions about the effectiveness of this technology have been raised. 

For example,

How many colleges and universities offer online courses?

Do students feel that the online courses are equal in value to 
the traditional classroom presentations?

Approximately how many students take online courses now?

Will the number of students who take online courses increase 
in the future?

Has plagiarism increased since the advent of computers and 
the Internet?

Do laptops, smartphones, and tablets belong in the  classroom?

Have colleges established any guidelines for the use of 
laptops, smartphones, and tablets?

To answer these questions, Pew Research Center conducted a 

study of college graduates and college presidents in 2011. The pro-

cedures they used and the results of the study are explained in this 

chapter. See Statistics Today—Revisited at the end of the chapter.

OUTLINE
 Introduction

1–1 Descriptive and Inferential Statistics

1–2 Variables and Types of Data

1–3 Data Collection and Sampling Techniques

1–4 Experimental Design

1–5 Computers and Calculators

 Summary

OBJECTIVES
After competing this chapter, you should be able to:

 Demonstrate knowledge of statistical terms.

 Differentiate between the two branches of 
statistics.

 Identify types of data.

 Identify the measurement level for each 
variable.

 Identify the four basic sampling techniques.

 Explain the difference between an observa-
tional and an experimental study.

 Explain how statistics can be used and 
misused.

 Explain the importance of computers and 
calculators in statistics.

1

2

3

4

5

6

7

8

1–1
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2 Chapter 1 The Nature of Probability and Statistics

1–2

Introduction
You may be familiar with probability and statistics through radio, televi sion, newspapers, 
and magazines. For example, you may have read statements like the following found in 
 newspapers.

 • A recent survey found that 76% of the respondents said that they lied regularly to 
their friends.

 • The Tribune Review reported that the average hospital stay for circulatory system 
ailments was 4.7 days and the average of the charges per stay was $52,574.

 • Equifax reported that the total amount of credit card debt for a recent year was 
$642 billion. 

 • A report conducted by the SAS Holiday Shopping Styles stated that the average 
holiday shopper buys gifts for 13 people.

 • The U.S. Department of Agriculture reported that a 5-foot 10-inch person who 
weighs 154 pounds will burn 330 calories for 1 hour of dancing.

 • The U.S. Department of Defense reported for a recent year that the average age of 
active enlisted personnel was 27.4 years.

Statistics is used in almost all fields of human endeavor. In sports, for example, a 
statistician may keep records of the number of yards a running back gains during a foot-
ball game, or the number of hits a baseball player gets in a season. In other areas, such 
as public health, an administrator might be concerned with the number of residents who 
contract a new strain of flu virus during a certain year. In education, a researcher might 
want to know if new methods of teaching are better than old ones. These are only a few 
examples of how statistics can be used in various occupations.

Furthermore, statistics is used to analyze the results of surveys and as a tool in scien-
tific research to make decisions based on controlled experiments. Other uses of statistics 
include operations research, quality control, estimation, and prediction.

Statistics is the science of conducting studies to collect, organize, summarize,  analyze, 
and draw conclusions from data.

There are several reasons why you should study statistics.

1. Like professional people, you must be able to read and understand the various sta-
tistical studies performed in your fields. To have this understanding, you must be 
knowledgeable about the vocabulary, symbols, concepts, and statistical procedures 
used in these studies.

2. You may be called on to conduct research in your field, since statistical procedures 
are basic to research. To accomplish this, you must be able to design experiments; 
collect, organize, analyze, and summarize data; and possibly make reliable predic-
tions or forecasts for future use. You must also be able to communicate the results 
of the study in your own words.

3. You can also use the knowledge gained from studying statistics to become better 
consumers and citizens. For example, you can make intelligent decisions about 
what products to purchase based on consumer studies, about government spending 
based on utilization studies, and so on.

It is the purpose of this chapter to introduce the goals for studying statistics by 
 answering questions such as the following:

What are the branches of statistics?
What are data?
How are samples selected?

Unusua l  Stats
Of people in the United 
States, 14% said that 
they feel happiest in 
June, and 14% said that 
they feel happiest in 
 December.

Interesting Fact
Every day in the United 
States about 120 golfers 
claim that they made a 
hole-in-one.

Historical Note
A Scottish landowner 
and president of the 
Board of Agriculture, Sir 
John  Sinclair introduced 
the word statistics into 
the English language in  
the 1798 publication of 
his book on a statistical 
 account of Scotland. 
The word statistics is 
derived from the Latin 
word  status, which is 
loosely defined as a 
statesman. 
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To gain knowledge about seemingly haphazard situations, statisticians collect informa-
tion for variables, which describe the situation.

A variable is a characteristic or attribute that can assume different values.

Data are the values (measurements or observations) that the variables can assume. 
Variables whose values are determined by chance are called random  variables.

Suppose that an insurance company studies its records over the past several years and 
determines that, on average, 3 out of every 100 automobiles the company insured were 
 involved in accidents during a 1-year period. Although there is no way to predict the specific 
automobiles that will be involved in an accident (random occurrence), the company can adjust 
its rates accordingly, since the company knows the general pattern over the long run. (That is, 
on average, 3% of the insured automobiles will be involved in an  accident each year.)

A collection of data values forms a data set. Each value in the data set is called a 
data value or a datum.

In statistics it is important to distinguish between a sample and a population.

A population consists of all subjects (human or otherwise) that are being studied.

When data are collected from every subject in the population, it is called a census.
For example, every 10 years the United States conducts a census. The primary purpose 

of this census is to determine the apportionment of the seats in the House of  Representatives.
The first census was conducted in 1790 and was mandated by Article 1, Section 2 of the 

Constitution. As the United States grew, the scope of the census also grew. Today the Census 
limits questions to populations, housing, manufacturing, agriculture, and mortality. The Cen-
sus is conducted by the Bureau of the Census, which is part of the Department of Commerce.

Most of the time, due to the expense, time, size of population, medical concerns, etc., 
it is not possible to use the entire population for a statistical study; therefore, researchers 
use samples.

A sample is a group of subjects selected from a population.

If the subjects of a sample are properly selected, most of the time they should possess 
the same or similar characteristics as the subjects in the population. See Figure 1–1. 

However, the information obtained from a statistical sample is said to be biased if the 
results from the sample of a population are radically different from the results of a census 
of the population. Also, a sample is said to be biased if it does not represent the popula-
tion from which it has been selected. The techniques used to properly select a sample are 
explained in Section 1–3.

The body of knowledge called statistics is sometimes divided into two main areas, 
depending on how data are used. The two areas are

1. Descriptive statistics
2. Inferential statistics

Descriptive statistics consists of the collection, organization, summarization, and 
presentation of data.

In descriptive statistics the statistician tries to describe a situation. Consider the national 
census conducted by the U.S. government every 10 years. Results of this census give you 
the average age, income, and other characteristics of the U.S. population. To obtain this 
 information, the Census Bureau must have some means to  collect relevant data. Once data 
are collected, the bureau must organize and summarize them. Finally, the bureau needs a 
means of presenting the data in some meaningful form, such as charts, graphs, or tables.

Historical Note
The origin of descriptive 
statistics can be traced to 
data collection methods 
used in censuses taken 
by the Babylonians and 
Egyptians between 
4500 and 3000 b.c.  
In addition, the Roman 
Emperor Augustus 
(27 b.c.–a.d. 17)  
conducted surveys 
on births and deaths 
of the citizens of the 
 empire, as well as the 
number of livestock 
each owned and the 
crops each citizen 
harvested yearly.

Historical Note
The 1880 Census had  
so many questions on it 
that it took 10 years to 
 publish the results.

1–1 Descriptive and Inferential Statistics
O B J E C T I V E 

Demonstrate knowledge  
of statistical terms.

1

O B J E C T I V E 

Differentiate between the 
two branches of statistics. 

2

F I G U R E  1 – 1  
Population and Sample

Sample

Population
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The second area of statistics is called inferential statistics. 

Inferential statistics consists of generalizing from samples to populations, perfor ming 
estimations and hypothesis tests, determining relationships among variables, and mak
ing predictions.

Here, the statistician tries to make inferences from samples to populations. Inferential 
statistics uses probability, i.e., the chance of an event occurring. You may be familiar 
with the concepts of probability through various forms of gambling. If you play cards, 
dice, bingo, or lotteries, you win or lose according to the laws of probability. Probability  
theory is also used in the insurance industry and other areas.

The area of inferential statistics called hypothesis testing is a decision-making pro-
cess for evaluating claims about a population, based on information obtained from sam-
ples. For example, a researcher may wish to know if a new drug will reduce the number of 
heart attacks in men over age 70 years of age. For this study, two groups of men over age 
70 would be selected. One group would be given the drug, and the other would be given 
a placebo (a substance with no medical benefits or harm). Later, the number of heart at-
tacks occurring in each group of men would be counted, a statistical test would be run, 
and a decision would be made about the effectiveness of the drug.

Statisticians also use statistics to determine relationships among variables. For ex-
ample, relationships were the focus of the most noted study in the 20th century, “Smoking 
and Health,” published by the Surgeon General of the United States in 1964. He stated 
that after reviewing and evaluating the data, his group found a definite relationship be-
tween smoking and lung cancer. He did not say that cigarette smoking  actually causes 
lung cancer, but that there is a relationship between smoking and lung cancer. This con-
clusion was based on a study done in 1958 by Hammond and Horn. In this study, 187,783 
men were observed over a period of 45 months. The death rate from lung  cancer in this 
group of volunteers was 10 times as great for smokers as for  nonsmokers.

Finally, by studying past and present data and conditions, statisticians try to make 
predictions based on this information. For example, a car dealer may look at past sales 
records for a specific month to decide what types of automobiles and how many of each 
type to order for that month next year.

Historical Note
Inferential statistics 
 originated in the 1600s, 
when John Graunt 
published his book 
on population growth, 
Natural and Political Ob-
servations Made upon 
the Bills of Mortality. 
About the same time, 
another mathematician/ 
 astronomer, Edmond 
Halley, published the 
first complete mortal-
ity  tables. (Insurance 
 companies use mortality 
tables to determine life 
insurance rates.)

Unusua l  Stat
Twenty-nine percent of 
Americans want their 
boss’s job.

EXAMPLE 1–1 Descriptive or Inferential Statistics

Determine whether descriptive or inferential statistics were used.

a. The average price of a 30-second ad for the Academy Awards show in a recent  
year was 1.90 million dollars.

b. The Department of Economic and Social Affairs predicts that the population of 
Mexico City, Mexico, in 2030 will be 238,647,000 people.

c. A medical report stated that taking statins is proven to lower heart attacks, but some 
people are at a slightly higher risk of developing diabetes when taking statins.

d. A survey of 2234 people conducted by the Harris Poll found that 55% of the 
respondents said that excessive complaining by adults was the most annoying  
social media habit.

S O L U T I O N

a. A descriptive statistic (average) was used since this statement was based on data 
obtained in a recent year.

b. Inferential statistics were used since this is a prediction for a future year.
c. Inferential statistics were used since this conclusion was drawn from data obtained 

from samples and used to conclude that the results apply to a population.
d. Descriptive statistics were used since this is a result obtained from a sample of 

2234 survey respondents.
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Unusua l  Stat
Only one-third of crimes 
committed are reported 
to the police.

1. Define statistics. Statistics is the science of conducting studies 
to collect, organize, summarize, analyze, and draw conclusions 
from data.

2. What is a variable? A variable is a characteristic or attribute 
that can assume different values.

3. What is meant by a census? In a census, the researchers col-
lect data from all subjects in the population.

4. How does a population differ from a sample? A population 
consists of all subjects under study while a sample is a subgroup of 
the population.

5. Explain the difference between descriptive and inferen-
tial statistics. 

6. Name three areas where probability is used. Probability is 
used in gambling, insurance, and weather forecasting.

7. Why is information obtained from samples used more 
often than information obtained from populations?

8. What is meant by a biased sample? A biased sample is a 
sample that is not representative of the population.

For Exercises 9–17, determine whether descriptive or 
 inferential statistics were used.

9. Because of the current economy, 49% of 18- to 34- year-
olds have taken a job to pay the bills. (Source: Pew 
 Research Center) This is inferential because a generalization is 
being made about the population.

10. In 2025, the world population is predicted to be 8 billion 
people. (Source: United Nations) This is inferential since a 
prediction is being made about the future.

11. In a weight loss study using teenagers at Boston 
University, 52% of the group said that they lost weight 
and kept it off by counting calories. Descriptive

12. Based on a sample of 2739 respondents, it is  
estimated that pet owners spent a total of 14 billion 
 dollars on veterinarian care for their pets.  
(Source: American Pet Products Association, Pet  
Owners Survey)

13. A recent article stated that over 38 million U.S. adults 
binge-drink alcohol. Inferential

14. The Centers for Disease Control and Prevention esti-
mated that for a specific school year, 7% of children in 
kindergartens in the state of Oregon had nonmedical 
waivers for vaccinations. Inferential

15. A study conducted by a research network found that 
people with fewer than 12 years of education had  
lower life expectancies than those with more years of 
education. Inferential

16. A survey of 1507 smartphone users showed that 38% of 
them purchased insurance at the same time as they pur-
chased their phones. Descriptive

17. Forty-four percent of the people in the United States 
have type O blood. (Source: American Red Cross) This 
is an inferential statistic since it is a generalization made from data 
obtained from a sample.

 Exercises 1–1

Answers not appearing on the page can be found in the answers appendix.

 Applying the Concepts 1–1

Attendance and Grades
Read the following on attendance and grades, and answer the questions.
 A study conducted at Manatee Community College revealed that students who attended class 
95 to 100% of the time usually received an A in the class. Students who attended class 80 to 90% 
of the time usually received a B or C in the class. Students who attended class less than 80% of the 
time usually received a D or an F or eventually withdrew from the class.
 Based on this information, attendance and grades are related. The more you attend class, the more 
likely it is you will receive a higher grade. If you improve your attendance, your grades will probably 
improve. Many factors affect your grade in a course. One factor that you have considerable control over 
is attendance. You can increase your opportunities for learning by attending class more often. 

 1. What are the variables under study?
 2. What are the data in the study?
 3. Are descriptive, inferential, or both types of statistics used?
 4. What is the population under study?
 5. Was a sample collected? If so, from where?
 6. From the information given, comment on the relationship between the variables.

See page 38 for the answers.
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 Extending the Concepts
18. Find three statistical studies and explain whether they 

used descriptive or inferential statistics. Answers will vary.
19. Find a gambling game and explain how probability was 

used to determine the outcome. Answers will vary.

1–2 Variables and Types of Data
As stated in Section 1–1, statisticians gain information about a particular situation by col-
lecting data for random variables. This section will explore in greater detail the nature of 
variables and types of data.

Variables can be classified as qualitative or quantitative.

Qualitative variables are variables that have distinct categories according to some 
characteristic or attribute.

For example, if subjects are classified according to gender (male or female), then the 
variable gender is qualitative. Other examples of qualitative variables are religious pref-
erence and geographic locations.

Quantitative variables are variables that can be counted or measured.

For example, the variable age is numerical, and people can be ranked in order according 
to the value of their ages. Other examples of quantitative variables are heights, weights, 
and body temperatures.

Quantitative variables can be further classified into two groups: discrete and continu-
ous. Discrete variables can be assigned values such as 0, 1, 2, 3 and are said to be count-
able. Examples of discrete variables are the number of children in a family, the number 
of students in a classroom, and the number of calls received by a call center each day for 
a month.

Discrete variables assume values that can be counted.

Continuous variables, by comparison, can assume an infinite number of values in an 
interval between any two specific values. Temperature, for example, is a continuous vari-
able, since the variable can assume an infinite number of values between any two given 
temperatures.

Continuous variables can assume an infinite number of values between any two 
specific values. They are obtained by measuring. They often include fractions and 
decimals.

The classification of variables can be summarized as follows:

O B J E C T I V E 

Identify types of data.

3

Variables

 Qualitative Quantitative

 Discrete Continuous
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EXAMPLE 1–2 Discrete or Continuous Data

Classify each variable as a discrete or continuous variable.

a. The number of hours during a week that children ages 12 to 15 reported that they 
watched television.

b. The number of touchdowns a quarterback scored each year in his college football 
career.

c. The amount of money a person earns per week working at a fast-food restaurant.
d. The weights of the football players on the teams that play in the NFL this year.

S O L U T I O N

a. Continuous, since the variable time is measured
b. Discrete, since the number of touchdowns is counted
c. Discrete, since the smallest value that money can assume is in cents
d. Continuous, since the variable weight is measured

Since continuous data must be measured, answers must be rounded because of the 
limits of the measuring device. Usually, answers are rounded to the nearest given unit. For 
example, heights might be rounded to the nearest inch, weights to the nearest ounce, etc. 
Hence, a recorded height of 73 inches could mean any measure from 72.5 inches up to but 
not including 73.5 inches. Thus, the boundary of this measure is given as 72.5–73.5 inches. 
The boundary of a number, then, is defined as a class in which a data value would be placed 
before the data value was rounded. Boundaries are written for convenience as 72.5–73.5 
but are understood to mean all values up to but not including 73.5. Actual data values of 
73.5 would be rounded to 74 and would be included in a class with boundaries of 73.5 up 
to but not including 74.5, written as 73.5–74.5. As another example, if a recorded weight is 
86 pounds, the exact boundaries are 85.5 up to but not including 86.5, written as 85.5–86.5 
pounds. Table 1–1 helps to clarify this concept. The boundaries of a continuous variable are 
given in one additional decimal place and always end with the digit 5.

EXAMPLE 1–3 Class Boundaries

Find the boundaries for each measurement.

a. 17.6 inches
b. 23° Fahrenheit
c. 154.62 mg/dl

S O L U T I O N

a. 16.55–17.55 inches
b. 22.5–23.5° Fahrenheit
c. 154.615–154.625 mg/dl

T A B L E  1 – 1   Recorded Values and Boundaries

Variable Recorded value Boundaries

Length
Temperature
Time
Mass

15 centimeters (cm)
86 degrees Fahrenheit (°F)
0.43 second (sec)
1.6 grams (g)

14.5–15.5 cm
85.5–86.5°F
0.425–0.435 sec
1.55–1.65 g

Unusua l  Stat
Fifty-two percent of 
Americans live within 
50 miles of a coastal 
shoreline.
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O B J E C T I V E 

Identify the measurement 
level for each variable.

4

Unusua l  Stat
Sixty-three percent of us 
say we would rather 
hear the bad news first.

Historical Note
When data were first 
 analyzed statistically 
by Karl Pearson and 
Francis Galton, almost all 
were continuous data. 
In 1899, Pearson began 
to analyze discrete data. 
Pearson found that some 
data, such as eye color, 
could not be measured, 
so he termed such data 
nominal data. Ordinal 
data were introduced by 
a German numerologist 
Frederich Mohs in 1822 
when he introduced 
a hardness scale for 
minerals. For example, 
the hardest stone is 
the  diamond, which he 
 assigned a hardness 
value of 1500. Quartz 
was  assigned a hardness 
value of 100. This does 
not mean that a diamond 
is 15 times harder than 
quartz. It only means 
that a diamond is harder 
than quartz. In 1947, a 
psychologist named 
Stanley Smith Stevens 
made a further division 
of continuous data into 
two categories, namely, 
interval and ratio.

In addition to being classified as qualitative or quantitative, variables can be clas-
sified by how they are categorized, counted, or measured. For example, can the data be 
organized into specific categories, such as area of residence (rural, suburban, or urban)? 
Can the data values be ranked, such as first place, second place, etc.? Or are the values 
obtained from measurement, such as heights, IQs, or temperature? This type of classifi-
cation—i.e., how variables are categorized, counted, or measured—uses measurement 
scales, and four common types of scales are used: nominal, ordinal, interval, and ratio.

The first level of measurement is called the nominal level of measurement. A sample of 
college instructors classified according to subject taught (e.g., English, history, psychology, 
or mathematics) is an example of nominal-level measurement. Classifying  survey subjects 
as male or female is another example of nominal-level measurement. No ranking or order 
can be placed on the data. Classifying residents according to zip codes is also an example 
of the nominal level of measurement. Even though numbers are assigned as zip codes, there 
is no meaningful order or ranking. Other examples of  nominal-level data are political party 
(Democratic, Republican, independent, etc.), religion (Christianity, Judaism, Islam, etc.), 
and marital status (single, married, divorced, widowed, separated).

The nominal level of measurement classifies data into mutually exclusive (nonover
lapping) categories in which no order or ranking can be imposed on the data.

The next level of measurement is called the ordinal level. Data measured at this 
level can be placed into categories, and these categories can be ordered, or ranked. For 
example, from student evaluations, guest speakers might be ranked as superior, average, 
or poor. Floats in a homecoming parade might be ranked as first place, second place, 
etc. Note that precise measurement of differences in the ordinal level of measurement 
does not exist. For instance, when people are classified according to their build (small, 
 medium, or large), a large variation exists among the individuals in each class.

Other examples of ordinal data are letter grades (A, B, C, D, F).

The ordinal level of measurement classifies data into categories that can be ranked; 
however, precise differences between the ranks do not exist.

The third level of measurement is called the interval level. This level differs from 
the ordinal level in that precise differences do exist between units. For example, many 
standardized psychological tests yield values measured on an interval scale. IQ is an ex-
ample of such a variable. There is a meaningful difference of 1 point between an IQ of 109 
and an IQ of 110. Temperature is another example of interval measurement, since there is  
a meaningful difference of 1°F between each unit, such as 72 and 73°F. One  property is 
lacking in the interval scale: There is no true zero. For example, IQ tests do not measure 
people who have no intelligence. For temperature, 0°F does not mean no heat at all.

The interval level of measurement ranks data, and precise differences between units 
of measure do exist; however, there is no meaningful zero.

The final level of measurement is called the ratio level. Examples of ratio scales are 
those used to measure height, weight, area, and number of phone calls received. Ratio 
scales have differences between units (1 inch, 1 pound, etc.) and a true zero. In addition, 
the ratio scale contains a true ratio between values. For example, if one person can lift 
200 pounds and another can lift 100 pounds, then the ratio between them is 2 to 1. Put 
 another way, the first person can lift twice as much as the second person.

The ratio level of measurement possesses all the characteristics of interval 
 measurement, and there exists a true zero. In addition, true ratios exist when the same 
variable is measured on two different members of the population.
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There is not complete agreement among statisticians about the classification of data 
into one of the four categories. For example, some researchers classify IQ data as ratio 
data rather than interval. Also, data can be altered so that they fit into a different category. 
For instance, if the incomes of all professors of a college are classified into the three 
 categories of low, average, and high, then a ratio variable becomes an ordinal variable. 
Table 1–2 gives some examples of each type of data. See Figure 1–2.

EXAMPLE 1–4 Measurement Levels

What level of measurement would be used to measure each variable?

a. The ages of authors who wrote the hardback versions of the top 25 fiction books 
sold during a specific week

b. The colors of baseball hats sold in a store for a specific year
c. The highest temperature for each day of a specific month
d. The ratings of bands that played in the homecoming parade at a college

T A B L E  1 – 2   Examples of Measurement Scales

Nominal-level data Ordinal-level data Interval-level data Ratio-level data

Zip code
Gender (male, female)
Eye color (blue, brown, 
  green, hazel)
Political affiliation
Religious affiliation
Major field (mathematics, 
  computers, etc.)
Nationality

Grade (A, B, C, 
  D, F)
Judging (first place, 
  second place, etc.)
Rating scale (poor, 
  good, excellent)
Ranking of tennis 
  players

SAT score
IQ
Temperature

Height
Weight
Time
Salary
Age

1. Nominal Level

Blue White

Red Black

Automobile color

2. Ordinal Level

Small Medium

Pizza size

Large

Temperature

3. Interval Level

Height

6 ft 2”

4. Ratio Level

F I G U R E  1 – 2  
Measurement Scales

blu55339_ch01_001-040.indd   9 10/6/16   12:17 PM




