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PREFACE

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 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
Book learn and apply concepts. Some of the retained features include the following:

e 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, ¢, x%, 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.

e 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.

o An updated reference card containing the formulas and the z, ¢, %, and PPMC
tables is included with this textbook.

e 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.

e Review Exercises are found at the end of each chapter.

e 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.

E|emeﬂtar S’[a’[IS’[ICS e Chapter Quizzes, found at the end of each chapter, include

A STEP BY.S.T R oAcH multiple-choice, true/false, and completion questions along with
o exercises to test students’ knowledge and comprehension of

chapter content.

e 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.

e 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

SEUMAN programs.




X Preface

Changes in the Global Changes

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

e Updated Technology Tips sections.
Chapter1  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 STEP BY STEP

APPROACH

Confidence Intervals
and Sample Size

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.

= 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

O Fuse/Getty Images RF

OUTLINE

Introduction

7-1  Confidence Intervals for the Mean When
ols Known

7-2 Confidence Intervals for the Mean When
o 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
Determine the minimum sample size for

finding a confidence interval for the mean.
Find the confidence interval for the mean

Find the confidence interval for a

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

Find a confidence interval for a variance
and a standard deviation
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Critical Thinking Challenges

Critical Thinking sections at the end

The power of a test (1 — f) can be calculated when a Step 2 Using the value of X found in step 1 and the
of each chapter Challenge students to specific value of the mean is hypothesized in the alternative value of yt in the alternative hypothesis,
hypothesis; for example, let Hy: p =50 and let H: p = 52. find the area corresponding to z in the
apply what they have learned to new To find the power of a test, it is necessary to find the value f iz X—p
situations while deepening COncethal of f. This can be done by the following steps: EnnnlE 2= /i
. Step 3 Subtract this area from 0.5000. This is the value
understa ndlng. Step 1 For a specific value of « find the corresponding of B.
value of X, using z = —:/iflnl where p is the Step 4 Subtract the value of f from 1. This will give you
hypothesized value given in Hy. Use a right- heiporeatiiestiSecliisnc it
tailed test.
Technology Step by Step
boxes instruct students how
to use Excel, TI-84 Plus graph-
o ing calculators, and MINITAB
s
o e ™ 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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SUPPLEMENTS

= COl’H”IeCt McGraw-Hill conducted in-depth research to create a new learning experience that meets
IMATH the needs of students and instructors today. The result is a reinvented learning experi-
Hsted by el o ence rich in information, visually engaging, and easily accessible to both instructors and

students.

e 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.

e 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.

e 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.

Mc
Graw
Hill
Education

ALE KS® 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.

BSMARTBOOK" 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.

g t w  With McGraw-Hill Create™, you can easily rearrange chapters, combine material from
LU Crea e 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 Create™ empowers you to teach your stu-
dents your way.
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Supplements XV

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.
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The Nature
of Probability
and Statistics

= STATISTICS TODAY
ls 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.
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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.

© © 06 00 00

Explain the importance of computers and
calculators in statistics.
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2 Chapter 1 The Nature of Probability and Statistics

IUnusual Stats

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

I Interesting Fact

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

I 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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Introduction

You may be familiar with probability and statistics through radio, television, 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.

1.

There are several reasons why you should study statistics.

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.

. 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.

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?
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Descriptive and Inferential Statistics

OBJECTIVE @

Demonstrate knowledge
of statistical terms.

I Historical Note

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

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.

OBJECTIVE @

Differentiate between the
two branches of statistics.

FIGURE 1-1
Population and Sample

Population

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 s,
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.

1-3
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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.)

IUnusual Stat

Twenty-nine percent of
Americans want their
boss’s job.
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The second area of statistics is called inferential statistics.

Inferential statistics consists of generalizing from samples to populations, performing
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.

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.

SOLUTION

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.



IUnusual

Only one-third of crimes
committed are reported
to the police.
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= 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.

Stat

1. What are the variables under study?
2. What are the data in the study?

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.

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.

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

1.

2.

3.

4.

6.

7.

8.

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

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

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

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.

Explain the difference between descriptive and inferen-
tial statistics.

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

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

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.

10.

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.

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

12.

13.

14

15

16.

17

University, 52% of the group said that they lost weight
and kept it off by counting calories. Descriptive

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)

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

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

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

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

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.

1-5



6 Chapter 1 The Nature of Probability and Statistics

== Extending the Concepts

18. Find three statistical studies and explain whether they 19. Find a gambling game and explain how probability was
used descriptive or inferential statistics. Answers will vary. used to determine the outcome. Answers will vary.

1-2

Variables and Types of Data

OBJECTIVE @
Identify types of data.

1-6

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:

Variables

Qualitative Quantitative

Discrete Continuous
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IUnusual

Fifty-two percent of
Americans live within
50 miles of a coastal
shoreline.
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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.

SOLUTION

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.

TABLE 1-1 Recorded Values and Boundaries

Variable Recorded value Boundaries
Length 15 centimeters (cm) 14.5-15.5 cm
Temperature 86 degrees Fahrenheit (°F) 85.5-86.5°F
Time 0.43 second (sec) 0.425-0.435 sec
Mass 1.6 grams (g) 1.55-1.65¢g

EXAMPLE 1-3 Class Boundaries

Find the boundaries for each measurement.

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

a. 16.55-17.55 inches

b. 22.5-23.5° Fahrenheit

c. 154.615-154.625 mg/dl

-7
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OoBJECTIVE @

Identify the measurement
level for each variable.
I

IUnusual Stat

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

I 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,
S0 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.
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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, 1Qs, 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, 1Q 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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Measurement Scales
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TABLE 1—-2 Examples of Measurement Scales

Nominal-level data Ordinal-level data Interval-level data Ratio-level data
Zip code Grade (A, B, C, SAT score Height
Gender (male, female) D, F) 1Q Weight
Eye color (blue, brown, Judging (first place, Temperature Time

green, hazel) second place, etc.) Salary
Political affiliation Rating scale (poor, Age
Religious affiliation good, excellent)
Major field (mathematics, Ranking of tennis

computers, etc.) players
Nationality

1. Nominal Level 3. Interval Level

()

Red Black @
Automobile color u
Temperature
2. Ordinal Level 4. Ratio Level

rl

6 ft 2”

Small Medium

Pizza size

i

Height

There is not complete agreement among statisticians about the classification of data
into one of the four categories. For example, some researchers classify 1Q 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

1-9





