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Preface

Society has become increasingly data driven. At colleges and universities, sta-
tistics are an essential part of sociology and other social sciences (including
political science, social work, psychology, public administration, criminal justice,
urban studies, and others). In social policy work, researchers are challenged to
use data (on poverty, health care, policing, and other topics) to demonstrate why
policy reform will be beneficial to society. In the private sector, and in sports,
decisions are increasingly based on data analytics.

This means that understanding data has become an essential skill that college
students can bring to the job market when they graduate. Nevertheless, learn-
ing statistics is challenging, especially for students that do not have an exten-
sive background in mathematics. Social science students, in particular, possess
a wide range of skills and interests but still find themselves puzzled about
the relevance of statistics for them, and frequently, this leads to math anxiety.
This text introduces statistical analysis for the social sciences in a way that is
intended to reduce those anxieties.

The Authors and the New Title of the Book

We begin by telling you a little bit about the authors and the new approach they
have taken to this edition. Joseph Healey taught sociology and statistics for more
than 40 years. His research and teaching interests centered on ethnic and race
relations, immigration, sports, violence, and globalization. He began this project
because of his dissatisfaction with texts that were either too mathematical and
technical or too simplistic. He sought to find a middle approach that was acces-
sible to beginning students and that prepared them to appreciate the professional
literature and to do actual social research themselves.

New to the 11th edition is the addition of Christopher Donoghue as
coauthor. Chris is a sociologist with research interests in peer aggression and
bullying, school climate, ethnic and racial social distance, and sexual behavior
among adolescents. He has also conducted extensive research on the quality of
care in nursing homes. As a student, he used a much earlier edition of this book
and since he began teaching the course in 2001, it is the only book he has used.
Although he has taught the course for many years now, every semester is dif-
ferent (students come with new needs and interests, trends in using data change
quite often). Changing the course to add new techniques, technologies, and strat-
egies is something that he greatly enjoys. Joe and Chris also share an interest in
effectively teaching statistics to students that lack confidence in mathematics, so
their collaboration on this text has been a natural fit.
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Together, Joe and Chris set out to make the 11th edition of the book more
current and reflective of the increased emphasis in society on data and evidence-
based decision making. The new title, Statistics: A Tool for Social Research
and Data Analysis, is indicative of the book’s new approach to use real data and
demonstrate real applications in all chapters. Although the previous editions of
the book used real data, they also contained many boxes on Applied Statistics that
used fictional data. In the latest edition, these boxes have been replaced by boxes
on Social Research and Data Analysis, nearly all of which contain real problems
with actual data. Many other updates were made to the text as well, with the con-
sistent goal of infusing both real and current data to the learning experience.

Who Is This Book For?

Most undergraduate students of sociology and the other social sciences take a
course in social statistics. This book is rich with examples from those fields and it
is designed for that audience, but its many additional examples from social policy
research, market research and sports, and its applied orientation make it flexible
enough to be used in statistics courses for all kinds of undergraduate majors as
well as graduate courses.

Many students dread that first course in statistics, especially if they have not
had success in mathematics in the past. This book was designed with that sort
of student in mind. Since 1984, students have been using this text to learn about
statistics in an approachable and straightforward fashion. The book contains
simple instructions, language that is easy to understand, and data from research
and everyday life that students will enjoy reading about. The book makes few
assumptions about mathematical background. In fact, if you can add, subtract,
multiply, and divide, you will find that almost all of the operations in the text can
be accomplished without much additional mathematical learning. They just take
some concentration and the willingness to learn new concepts and methods.

The book is written at an intermediate level and its goal is to show the rel-
evance and value of statistics for the social sciences. We emphasize interpretation
and understanding statistics in the context of social science research, but we have
not sacrificed comprehensive coverage or statistical correctness. Mathematical
explanations are kept at an elementary level, as is appropriate in a first expo-
sure to social statistics. The text does not claim that statistics are always “fun” or
that the material can be mastered without considerable effort. At the same time,
students are not overwhelmed with abstract proofs, formula derivations, or math-
ematical theory, which can frustrate the learning experience at this level.

Changes to the 11th Edition

Previous users will find that the structure of the book and the instructional con-
tent have not changed. What is new is the extensive addition of new data on cur-
rent problems throughout the text from sociology and the other social sciences
(e.g., political science, social work, and gerontology), market research, social
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policy, sports, and more. The influx of data analytics to professional industries is
also discussed and students are encouraged to learn more by exploring statistical
software packages such as SPSS, SAS, and R.

The following are the most important changes to this edition:

e Current examples and information can be found in all chapters on topics
such as the 2016 presidential election in the United States, the mass shooting
epidemic, contemporary uses of the term “racism,” debates about the ap-
propriateness of abstinence teaching in sexual education, the “fake news”
phenomenon, and more.

» Social Research and Data Analysis boxes now contain examples in which stu-
dents are encouraged to use the formulas in the chapter to explore real and
current data.

» New boxes on Reading Statistics have been added, containing interesting find-
ings from real academic and professional studies.

¢ The Pew Research Center’s 2018 Core Trends data set has been added to
provide students with more variables to explore than in previous editions.

o All of the data on current events, the SPSS exercises, and the Statistics in
Everyday Life boxes have been updated.

e New end-of-chapter problems have been added on the topics of Market
Research and Social Policy.

e In Chapter 15, new terms for multiple regression statistics have been added
(e.g., unstandardized regression coefficients and constants) to make the
chapter more consistent with academic research articles and more usable to
students.

» New commentary now appears in Chapter 3 on bimodal distributions,
Chapter 4 on skewness and kurtosis, and Chapter 6 on sampling frames.

e Several new Step-by-Step boxes have been added to Chapter 6 to teach stu-
dents how to employ different random sampling techniques.

» The Using Statistics boxes now direct students to specific pages in the chap-
ters where the subject material is used to solve an interesting problem or to
address an important topic.

e SPSS problems have been added to the end-of-chapter problems throughout
the text. In some chapters (e.g., Chapters 13 and 15), the SPSS problems re-
place problems using hand calculators.

o The data sets used in the text have been expanded and updated. The data sets
are used throughout the text in the new “Using SPSS” sections, in the end-of-
chapter problems, and in the “You Are the Researcher” projects at the end of
most chapters. The data sets are available for downloading at the Web site for
this text: www.cengagebrain.com; they include:

e A General Social Survey (GSS) data set (GSS2018.sav), which has been
updated to 2018.
» A smaller version of the 2018 GSS (GSS52018 Sample) for students using

the student version of SPSS. This data set has only 50 variables and fewer
than 1500 cases.
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¢ The Pew Research Center’s 2018 Core Trends Data Set.
e A data set that includes census and crime data on the 50 states (States.sav).
e A data set that includes demographic data for 99 nations (International.sav).

» A fourth data set (CrimeTrends84-17.sav) is used only for the graphing
exercises in Chapter 2.

Numerous other changes have been made throughout the text. All are intended
to clarify explanations and make the material more accessible to students. As
with previous editions, our goal is to offer a comprehensive, flexible, and student-
oriented book that will provide a challenging first exposure to social statistics.

Goal of the Text

Although the book is evolving, its goal is still to introduce students to basic
statistics and demonstrate their usefulness in social research of all kinds. The sta-
tistically literate person understands the role of statistics in the research process,
is competent to perform basic calculations, and can appreciate any analyses of
data that she or he may encounter in everyday life. Let’s consider these three
competencies in a little more detail.

1. An Appreciation of Statistics. Appreciating statistics means understanding
their relevance and being capable of employing statistical tools when they are
needed, and in the right situations. This textbook develops these qualities in
several ways.

o The relevance of statistics. Throughout the text, each example is framed
in the context of a research situation. A question is posed and then, with
the aid of a statistic, answered. This central theme of usefulness is further
reinforced by a series of “Social Research and Data Analysis” boxes, each
of which illustrates some specific way statistics can be used to answer
questions, such as those posed in the “Using Statistics” feature that opens
every chapter.

o Employing techniques and strategies. At the end of each chapter, students are
challenged to use what they have learned to solve problems relevant to specific
fields: SOC for sociology, SW for social work, PS for political science, SP
for social policy (new to this edition), MR for market research (new to
this edition), CJ for criminal justice, PA for public administration, and
GER for gerontology. These problems show the relevance of statistics to
students with a wide array of academic and career interests.

o Interpreting statistics. For most students, interpretation—saying what
statistics mean—is a big challenge. The ability to interpret statistics can be
developed only by exposure and experience. To provide exposure, we have
been careful to express the meaning of the statistics in terms of the original
research question. To provide experience, the Using SPSS boxes and the
end-of-chapter problems call for an interpretation of the statistics that are
calculated. Students can also learn these lessons from the “Interpreting
Statistics” sections that appear in many chapters.
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o Using statistics: Ideas for research projects. Appendix E and the You Are the
Researcher boxes offer ideas for independent data-analysis projects for students.
The projects require students to use SPSS to analyze a data set. They can be
assigned at intervals throughout the semester or at the end of the course. Each
project provides an opportunity for students to practice and apply their statistical
skills and to exercise their ability to interpret the statistics they produce.

2. Computational Competence. Students should emerge from their first course
in statistics with the ability to perform elementary forms of data analysis.
While computers have made computation less of an issue today, computation
is inseparable from statistics, so we have included a number of features to help
students cope with these mathematical challenges.

“One Step at a Time:” boxes for each statistic break down computation into
individual steps for maximum clarity and ease.

o Extensive problem sets are provided at the end of each chapter. For the
most part, these problems use fictitious data and are designed for ease of
computation.

e Cumulative exercises are included at the end of each Part of the book to
provide practice in choosing, computing, and analyzing statistics. These
exercises present only data sets and research questions. Students must
choose appropriate statistics as part of the exercise.

e Solutions to odd-numbered computational problems are provided so that
students may check their answers.

o SPSS gives students access to the computational power of the computer.
This is explained in more detail later.

3. The Ability to Read the Professional Social Science Literature. Compre-
hending and critically appraising statistical reports is another essential skill
that can come out of a basic statistics course. The development of this skill
is a particular problem for many students since (1) the vocabulary of profes-
sional researchers is so much more concise than the language of the textbook,
and (2) the statistics featured in the literature are more advanced than those
covered at the introductory level. To help bridge this gap, we have included
a series of boxes labeled “Reading Statistics.” In each such box, we briefly
describe the reporting style typically used for the statistic in question and try
to alert students about what to expect when they approach the professional
literature. These inserts have been updated in this edition and most include
excerpts from the research literature that illustrate how statistics are actually
applied and interpreted by social scientists.

Additional Features

A number of other features make the text more meaningful for students and more
useful for instructors.

* Readability and clarity. The writing style is informal and accessible to stu-
dents without ignoring the traditional vocabulary of statistics. For the more
difficult material (such as hypothesis testing), students are first walked through
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an example problem before being confronted by formal terminology and con-
cepts. Each chapter ends with a summary of major points and formulas and a
glossary of important concepts. A list of frequently used formulas inside the
front cover and a glossary of symbols inside the back cover can be used for
quick reference.

e Organization and coverage. The text is divided into four parts, with most of
the coverage devoted to univariate descriptive statistics, inferential statistics,
and bivariate measures of association. The distinction between description and
inference is introduced in the first chapter and maintained throughout the text.
In selecting statistics for inclusion, we have tried to strike a balance between
the essential concepts with which students must be familiar and the amount of
material students can reasonably be expected to learn in their first (and perhaps
only) statistics course, all the while bearing in mind that different instructors
will naturally wish to stress different aspects of the subject. Thus, the text cov-
ers a full gamut of the usual statistics, with each chapter broken into subsections
so that instructors may choose the particular statistics they wish to include.

o Learning objectives. Learning objectives are stated at the beginning of each
chapter. These are intended to serve as “study guides” and to help students
identify and focus on the most important material.

* Review of mathematical skills. A comprehensive review of all of the math-
ematical skills that will be used in this text is included as a Prologue. Students
who are inexperienced or out of practice with mathematics can study this re-
view early in the course and/or refer to it as needed. A self-test is included so
that students can check their level of preparation for the course.

o Statistical techniques and end-of-chapter problems are explicitly linked. After
a technique is introduced, students are directed to specific problems for prac-
tice and review. The “how-to-do-it” aspects of calculation are immediately
and clearly reinforced.

» End-of-chapter problems are organized progressively. Simpler problems with
small data sets are presented first. Often, explicit instructions or hints accom-
pany the first several problems in a set. The problems gradually become more
challenging and require more decision making by the student (e.g., choosing
the most appropriate statistic for a certain situation). Thus, each problem set
develops problem-solving abilities gradually and progressively.

o Computer applications. This text integrates SPSS, the leading social science
statistics package, to help students take advantage of the power of the com-
puter. Appendix F provides an introduction to SPSS, and demonstrations are
integrated into the chapters. SPSS-based problems are included at the end of
chapters, and research projects using SPSS are presented in the “You Are the
Researcher” feature.

* Realistic, up-to-date data. The databases for computer applications in the text
include the 2018 General Social Survey, the Pew Research Center’s 2018 Core
Trends data set, a data set that includes census and crime data for the 50 states,
and a data set that includes demographic data for 99 nations. These data sets
will give students the opportunity to practice their statistical skills on “real-
life” data. All databases are described in Appendix G.
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Supplements

Several ancillaries accompany the text:
MindTap™: The Personal Learning Experience The redesigned Mind-
Tap for Statistics: A Tool for Social Research and Data Analysis, 11th Edition,
from Cengage represents a new approach to a highly personalized, online learn-
ing platform. MindTap combines all of a student’s learning tools, readings, and
multimedia activities into a “Learning Path” that guides students through their
statistics course. Four new, highly interactive activities challenge students to
think critically by exploring, analyzing, and creating content, developing their
sociological imagination through personal, local, and global lenses.

MindTap for Statistics: A Tool for Social Research and Data Analysis is easy
to use and saves instructors time by allowing you to

¢ Break course content down into manageable modules to promote personaliza-
tion, encourage interactivity, and ensure student engagement.

o Customize the course—from tools to text—and make adjustments “on the
fly,” making it possible to intertwine breaking news into your lessons and
incorporate today’s teachable moments.

» Bring interactivity into learning through the integration of multimedia assets
(apps from Cengage and other providers) and numerous in-context exercises
and supplements; student engagement will increase, leading to better student
outcomes.

o Track students’ use, activities, and comprehension in real time, which pro-
vides opportunities for early intervention to influence progress and outcomes.
Grades are visible and archived so students and instructors always have access
to current standings in the class.

¢ Assess knowledge throughout each section: after readings, and in automati-
cally graded activities and assignments.

* A new digital implementation guide will help you integrate the new MindTap
Learning Path into your course.

¢ Learn more at www.cengage.com/mindtap.

o Online PowerPoint® Slides. A revised series of PowerPoint slides allows
instructors to deliver class lectures and presentations discussing chapter-
by-chapter content.

e Online Instructor’s Manual/Testbank. The Instructor’s Manual includes chap-
ter summaries, a test item file of multiple-choice questions, answers to even-
numbered computational problems, and step-by-step solutions to selected
problems. In addition, the Instructor’s Manual includes cumulative exercises
(with answers) that can be used for testing purposes. To access these instructor
resources, please log in to your account at http://login.cengage.com.

o Cengage Learning Testing Powered by Cognero®. Cengage Learning Test-
ing powered by Cognero is a flexible online system that allows instructors to
author, edit, and manage Test Bank content and quickly create multiple test
versions. You can deliver tests from your LMS, your classroom—or wherever
you want.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-322

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



XXii PREFACE

Acknowledgments

Joseph F. Healey

I would like to thank the instructors who made statistics understandable to me
(Professors Satoshi Ito, Noelie Herzog, and Ed Erikson) and all of my colleagues at
Christopher Newport University for their support and encouragement (especially Profes-
sors F. Samuel Bauer, Stephanie Byrd, Cheryl Chambers, Robert Durel, Marcus Griffin,
Mai Lan Gustafsson, Kai Heiddemann, Ruth Kernodle, Michael Lewis, Marion Manton,
Eileen O’Brien, Lea Pellet, Eduardo Perez, Virginia Purtle, Andrea Timmer, and Linda
Waldron). Also, I thank all of my students for their patience and thoughtful feedback.

I want to thank Professor Christopher Donoghue for his countless contribu-
tions as coauthor of the 11th edition. His understanding of the material and his
years of experience in teaching and research have greatly strengthened this text,
and I look forward to many years of collaboration on this project.

I also want to acknowledge the support of my family and rededicate this work
to them. I have the extreme good fortune to be a member of an extended family that
is remarkable in many ways and that continues to increase in size. Although I can-
not list everyone, I would especially like to thank the older generation (my mother,
Alice T. Healey), my wife Patricia A. Healey, the next generation (my sons, Kevin
and Christopher, my daughters-in-law, Jennifer and Jessica, my stepson Christopher
Schroen, and stepdaughters Kate Cowell and Jennifer Schroen), and the youngest
generation (Benjamin, Caroline, and Isabelle Healey and Abigail Cowell).

Christopher Donoghue

I owe a great deal of debt to three mentors that [ have been fortunate to have in Social
Statistics. The first is Dr. Rosemary Cooney of Fordham University. I like to say that
Rosemary taught me the “language of statistics.” To this day, I can hear her voice
whenever [ am teaching the course. Dr. Joseph Healey was also a mentor to me in
statistics even though I did not meet him in person until 2013. He wrote this book to
help students who struggled with mathematics, and that is exactly the kind of student
I was as an undergraduate in the 1990s. This book made statistics easy for me and it
helped me immensely in communicating the subject matter to my students. Finally,
Dr. Yong Wang of Montclair State University has been a constant and reliable source
of information about statistics for me over the last several years. Yong has pushed me
to incorporate many new techniques that have improved my courses. He is also the
first person I talk to when I need the answer to a question about statistics.

Joe and I also would like to express a special thanks to our Writer’s Assistant,
Taulant Asani. Taulant was a great reviewer of our work and he was excellent at check-
ing our math in Excel. We are also in debt to Stephen Shahin, and undergraduate stu-
dent Montclair State University. Stephen was a careful reader of the prior edition. He
caught a number of our errors and he made great suggestions for the current edition.

I would also like to thank my wife, Lisa Donoghue, my daughter, Amanda
Donoghue, and my mother Teresa Donoghue. All three of them have supported
me throughout my academic career, and in this endeavor, they have been a con-
stant source of motivation that I could not do without.

Finally, we are grateful to the Literary Executor of the late Sir Ronald A.
Fisher, FR.S., to Dr. Frank Yates, F.R.S., and to Longman Group Ltd., London,
for permission to reprint Appendixes B, C, and D from their book Statistical

Tables for Biological, Agricultural and Medical Research (6th edition, 1974).
Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-322

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Prologue:
Basic Mathematics Review

You will probably be relieved to hear that this text does not place a great empha-
sis on mathematical computations. While you will encounter many numbers to
work with and formulas to solve, the main focus will be on understanding the
role of statistics in research and the logic we use to answer research questions
empirically. You will also find that, in this text, the sample problems have been
simplified so that the computations will not impede your understanding of the
statistics themselves.

Statistics do involve numbers, however, so you cannot avoid the mathe-
matics altogether. If you have anxieties about math, we recommend you focus
on the four simplest operations with which you are already familiar: adding,
subtracting, multiplying, and dividing. When it comes down to it, every formula
in this book can be completed by carrying out those four simple tasks. The greater
challenges in the work of statistics are instead about figuring out which of these
tasks to employ, and when to employ them. So to make your work easier, we have
included boxes called “Step by Step” that tell you exactly which tasks to perform
and when to perform them. We recommend you try these boxes out whenever a
formula gives you trouble.

Calculators and Computers

A calculator is a virtual necessity for this text. Even the simplest, least expen-
sive model will save you time and effort and is definitely worth the investment.
However, if you have experience using Microsoft Excel or Google Sheets, you
will find that these software packages can help you even more because they will
enable you to perform simple tasks (like adding and multiplying) over and over
again in a clear and efficient manner. In the text, you will also learn how to use
SPSS for this purpose. One benefit of SPSS is that it enables you to perform more
sophisticated techniques with a simple point and click method, but unfortunately,
it does not show you how the statistics are computed. For this reason, there is
also a benefit to using Microsoft Excel or Google Sheets because these packages
require you to set the math up yourself.

Variables and Symbols

Statistics are a set of techniques by which we can describe, analyze, and
manipulate variables. A variable is a trait that can change value from case to
case or from time to time. Examples of variables include height, weight, level of
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prejudice, and political party preference. The possible values or scores associated
with a given variable might be numerous (e.g., income) or relatively few (e.g.,
gender). We will often use symbols, usually the letter X, to refer to variables in
general or to a specific variable.

Sometimes we will need to refer to a specific value or a set of values of a
variable. This is usually done with the aid of subscripts. So the symbol X, (read
“X-sub-one”) would refer to the first score in a set of scores, X, (“X-sub-two”) to
the second score, and so forth. Also, we will use the subscript i to refer to all the
scores in a set. Thus, the symbol X, (“X-sub-i) refers to all of the scores associ-
ated with a given variable (for example, the test grades of a particular class).

Operations

You are all familiar with the four basic mathematical operations of addition, sub-
traction, multiplication, and division and the standard symbols (+, —, X, +) used
to denote them. We should remind you that multiplication and division can be
symbolized in a variety of ways. For example, the operation of multiplying some
number a by some number b may be symbolized in (at least) six different ways:

axXb
a-b
a*b
ab
a(b)
(a)(D)

In this text, we will commonly use the “adjacent symbols” format (that is, ab), the
conventional times sign (X), or adjacent parentheses to indicate multiplication. On
most calculators and computers, the asterisk (¥) is the symbol for multiplication.

The operation of division can also be expressed in several different ways.
In this text, in addition to the standard symbol for division, we will use either of
these two methods:

a
b —
a/b or 5

Several formulas require us to find the square of a number. To do this, multi-
ply the number by itself. This operation is symbolized as X? (read “X squared”),
which is the same thing as (X)(X). If X has a value of 4, then

X2 =X)X) = #4) = 16

or we could say that “4 squared is 16.”

The square root of a number is the value that, when multiplied by itself,
results in the original number. So the square root of 16 is 4 because (4)(4) is 16.
The operation of finding the square root of a number is symbolized as

VX

A final operation with which you should be familiar is summation, or the
addition of the scores associated with a particular variable. When a formula re-
quires the addition of a series of scores, this operation is usually symbolized as 2.X,.
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“%” is uppercase Greek letter sigma and stands for “the summation of.” So the com-
bination of symbols 2.X; means “the summation of all the scores” and directs us to
add all the scores for that variable. If four people had family sizes of 2, 4, 5, and 7,
then the summation of these four scores for this variable could be symbolized as

3X,=2+4+5+7=18

The symbol 3 is an operator, just like the + and X signs. It directs us to add
all of the scores on the variable indicated by the X symbol.

There are two other common uses of the summation sign, and, unfortunately,
the symbols denoting these uses are not, at first glance, sharply different from
each other or from the symbol used earlier. Some careful attention to these vari-
ous meanings should minimize the confusion.

The first set of symbols is £X?, which means “the sum of the squared scores.”
This quantity is found by first squaring each of the scores and then adding the
squared scores together. A second common set of symbols will be (2X,)%, which
means “the sum of the scores, squared.” This quantity is found by first summing
the scores and then squaring the total.

These distinctions might be confusing at first, so let’s use an example to help
clarify the situation. Suppose we had a set of three scores: 10, 12, and 13. So

X, =10,12,13
The sum of these scores is
32X, =10+ 12+ 13 =35
The sum of the squared scores would be
3X2 = (102 4+ (12)> + (13)> = 100 + 144 + 169 = 413

Take careful note of the order of operations here. First the scores are squared one
at a time, and then the squared scores are added. This is a completely different
operation from squaring the sum of the scores:

(2X)* = (10 + 12 + 13)* = (35)* = 1225

To find this quantity, first the scores are summed and then the total of all the
scores is squared. The squared sum of the scores (1225) is not the same as the
sum of the squared scores (413).

In summary, the operations associated with each set of symbols can be sum-
marized as follows:

Symbol Operations

22X, Add the scores

EXl.z First square the scores and then add the squared scores
(EXI.)2 First add the scores and then square the total

Operations with Negative Numbers

A number can be either positive (if it is preceded by a + sign or by no sign at
all) or negative (if it is preceded by a — sign). Positive numbers are greater than
0, and negative numbers are less than 0. It is important to keep track of signs
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XXVi  PROLOGUE: BASIC MATHEMATICS REVIEW

because they will affect the outcome of virtually every mathematical operation.
This section briefly summarizes the relevant rules for dealing with negative
numbers.

First, adding a negative number is the same as subtraction. For example,

3+(C-1)=3-1=2
Second, subtraction changes the sign of a negative number:
3--1)=3+1=4

Note the importance of keeping track of signs here. If you neglected to change
the sign of the negative number in the second expression, you would get the
wrong answer.

For multiplication and division, you need to be aware of various combina-
tions of negative and positive numbers. Ignoring the case of all positive numbers,
this leaves several possible combinations. A negative number times a positive
number results in a negative value:

-3)4) =-12
B)(-4) =-12

A negative number multiplied by a negative number is always positive:
)4 =12

Division follows the same patterns. If there is a negative number in the cal-
culations, the answer will be negative. If both numbers are negative, the answer
will be positive. So

—4
—_—= =2
2
and
4
—_—= =2
-2
but
—4
— =2
-2

Negative numbers do not have square roots, because multiplying a number
by itself cannot result in a negative value. Squaring a negative number always
results in a positive value (see the multiplication rules earlier).

Accuracy and Rounding Off

A possible source of confusion in computation involves accuracy and rounding
off. People work at different levels of precision and, for this reason alone, may
arrive at different answers to problems. This is important because our answers
can be at least slightly different if you work at one level of precision and we (or
your instructor or your study partner) work at another. You may sometimes think
you’ve gotten the wrong answer when all you’ve really done is round off at a dif-
ferent place in the calculations or in a different way.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-322

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



PROLOGUE: BASIC MATHEMATICS REVIEW ~ XXVii

There are two issues here: when to round off and how to round off. Our
practice is to work in as much accuracy as our calculator or statistics package will
allow and then round off to two places of accuracy (two places beyond, or to the
right of, the decimal point) only at the end. If a set of calculations is lengthy and
requires the reporting of intermediate sums or subtotals, we will round the subto-
tals off to two places as we go.

In terms of how to round off, begin by looking at the digit immediately to the
right of the last digit you want to retain. If you want to round off to 100ths (two
places beyond the decimal point), look at the digit in the 1000ths place (three
places beyond the decimal point). If that digit is 5 or more, round up. For exam-
ple, 23.346 would round off to 23.35. If the digit to the right is less than 5, round
down. So, 23.343 would become 23.34.

Let’s look at an additional example of how to follow these rules of rounding.
If you are calculating the mean value of a set of test scores and your calculator
shows a final value of 83.459067 and you want to round off to two places, look at
the digit three places beyond the decimal point. In this case the value is 9 (greater
than 5), so we would round the second digit beyond the decimal point up and re-
port the mean as 83.46. If the value had been 83.453067, we would have reported
our final answer as 83.45.

Formulas, Complex Operations,
and the Order of Operations

A mathematical formula is a set of directions, stated in general symbols, for
calculating a particular statistic. To “solve a formula,” you replace the sym-
bols with the proper values and then perform a series of calculations. Even the
most complex formula can be simplified by breaking the operations down into
smaller steps.

Working through the steps requires some knowledge of general procedure
and the rules of precedence of mathematical operations. This is because the order
in which you perform calculations may affect your final answer. Consider the fol-
lowing expression:

2 +34)
If you add first, you will evaluate the expression as
54) =20
but if you multiply first, the expression becomes
2+12=14

Obviously, it is crucial to complete the steps of a calculation in the correct order.

The basic rules of precedence are to find all squares and square roots first,
then do all multiplication and division, and finally complete all addition and sub-
traction. So the expression

8 +2Xx22/2
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XXViii PROLOGUE: BASIC MATHEMATICS REVIEW
would be evaluated as
8+2><i—8+§—8+4—12
2 2

The rules of precedence may be overridden by parentheses. Solve all ex-
pressions within parentheses before applying the rules stated earlier. For most
formulas in this text, the order of calculations will be controlled by the parenthe-
ses. Consider the following expression:

8 +2)— ﬁ
Resolving the parenthetical expressions first, we would have
(8+2)—L=(10)—i=10—1=9
G6-1 4
A final operation you will encounter in some formulas in this text involves

denominators of fractions that themselves contain fractions. In this situation,
solve the fraction in the denominator first and then complete the division. For

example,
15-9
6/2
would become
15-9 6
—=—=2
6/2 3

When you are confronted with complex expressions such as these, don’t be
intimidated. If you’re patient with yourself and work through them step by step,
beginning with the parenthetical expressions, even the most imposing formulas
can be managed.

Exercises

You can use the following problems as a self-test on the material presented in this
review. If you can handle these problems, you’re ready to do all of the arithmetic
in this text. If you have difficulty with any of these problems, please review the
appropriate section of this prologue. You might also want to use this section as
an opportunity to become more familiar with your calculator. The answers are
given immediately following these exercises, along with commentary and some
reminders.

1. Complete each of the following:

a. 17 X3 =
b. 17(3) =
c. 173 =
d. 17/3 =
e (42)? =
f. V113 =
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PROLOGUE: BASIC MATHEMATICS REVIEW ~ XXiX

2. For the set of scores X) of 50, 55, 60, 65, and 70, evaluate each of the follow-

ing expressions:
SX, =
SX2 =
(X7 =

3. Complete each of the following:

(-27)(54) =
(-14)(-100) =
. =34/(-2) =
322/(-11) =
V=72 =
172 =

©eear T

17+ (3) + (4) + (-2) =

4. Round off each of the following to two places beyond the decimal point:

a. 17.17532

b. 43.119

c. 1076.77337
d. 32.4641152301
e. 32.4751152301

5. Evaluate each of the following:

a. 3+7)/10 =
b. 3+ 7/10 =

@—-3)+7+2)3)

4 + 5)(10)
22 + 44

15/3

Answers to Exercises

1. a. 51 b. 51 c. 51

(The obvious purpose of these first three prob-
lems is to remind you that there are several differ-
ent ways of expressing multiplication.)

d. 5.67 (Note the rounding off.)

e. 1764

f. 10.63

. The first expression is “the sum of the scores,” so
this operation would be

32X, =50+ 55+ 60 + 65 + 70 = 300

The second expression is the “sum of the squared
scores.” So

2X72 = (50)* + (55)* + (60)? + (65)* + (70)>
X2 = 2500 + 3025 + 3600 + 4225 + 4900
2X7 = 18,250
The third expression is “the sum of the scores,
squared”:
(2X)* = (50 + 55 + 60 + 65 + 70)*
(2X,* = (300)*
(2X,* = 90,000
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XXX  PROLOGUE: BASIC MATHEMATICS REVIEW

Remember that 3X.* and (2X,)* are two com- f. Your calculator probably gave you some sort

pletely different expressions with very different of error message for this problem, because

values. negative numbers do not have square roots.
3. a. 16 g. 289

b. 1458 4. a. 17.18  b. 4312 ¢ 1076.77

¢. 1400 d. 3246 e 3248

d. 17

5. a. 1 b. 3.7 (Note the importance of

e. —29.27 parentheses.) c. 031 d. 13.2
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LEARNING OBJECTIVES By the end of this chapter, you will be able to:

1.
2.
3.
4.

Identify the key stages and terms in social scientific research.
Distinguish between descriptive and inferential statistics.

Provide examples of discrete and continuous variables.

Describe three levels of measurement and cite examples of each.

USING STATISTICS

One of the most important themes of this text is that statistics are useful
tools for analyzing and understanding information and for communicating
our conclusions to others.

To stress this theme, each chapter will begin with a list of situations in
which statistics can be applied to good advantage. In some chapters, you
can find the page numbers on which we use statistics for these purposes.

Statistics can be used to

¢ Describe the relationship between Internet use and social class.
See page 8

¢ Make estimates about the percentage of Americans that are in favor of
same-sex marriage and those that are against it. See page 9

e Measure the percentage of Americans that identify as members of the
lower class over time. See page 13

e Compare the cost of living (housing prices and rents, the cost of grocer-
ies and gas, health care, and so forth) between different localities (cities,
states, and even nations).

A\

Why Study Statistics?

Students sometimes wonder about the value of studying statistics. What,
after all, do numbers and formulas have to do with understanding people and
society? The value of statistics will become clear as we move from chapter
to chapter, but, for now, we can demonstrate the importance of statistics by
considering research or disciplined and careful inquiries. Scientists conduct
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2 INTRODUCTION

research to answer questions, examine ideas, and test theories. Research can
take numerous forms, and statistics are relevant for quantitative research
projects, or projects that collect information in the form of numbers or data.
Statistics are mathematical techniques used by social scientists to analyze data
in order to answer questions and test theories.

What is so important about learning how to manipulate data? On one hand,
some of the most important and enlightening works in the social sciences do
not utilize statistics at all. There is nothing magical about data and statistics.
The mere presence of numbers guarantees nothing about the quality of a scien-
tific inquiry.

On the other hand, data can be the most trustworthy information available
to the researcher and, consequently, deserve special attention. Data that have
been carefully collected and thoughtfully analyzed can be the strongest, most
objective foundations for building theory and enhancing our understanding of
the social world.

Let us be clear about one point: It is never enough merely to gather data
(or, for that matter, any kind of information). Even the most carefully collected
numerical information does not and cannot speak for itself. The researcher must
be able to use statistics effectively to organize, evaluate, and analyze the data.
Without a good understanding of statistical analysis, the researcher will be un-
able to make sense of the data. Without an appropriate application of statistics,
data are useless.

Statistics are an indispensable tool for the social sciences. They provide the
scientist with some of the most useful techniques for evaluating ideas, testing
theory, and making evidence-based decisions. The next section describes the rela-
tionships among theory, research, and statistics in more detail.

The Role of Statistics in Scientific Inquiry

Figure 1.1 graphically represents the role of statistics in the research process.
The diagram is based on the thinking of Walter Wallace and illustrates a useful
conception of how any scientific enterprise grows and develops. One point the
diagram makes is that scientific theory and research continually shape each other.
Statistics are one of the most important means by which research and theory in-
teract. Let’s take a closer look at the process.

FIGURE 1.1 The Wheel of Science

/ Theory \

Empirical
generalizations Hypotheses

N—

Observations

Source: Adapted from Walter Wallace, The Logic of Science in Sociology (Chicago: Aldine-Atherton, 1971).
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CHAPTER 1 INTRODUCTION 3

A JOURNEY THROUGH THE SCIENTIFIC PROCESS

Because Figure 1.1 is circular, with no beginning or end, we could start our jour-
ney at any point. For the sake of convenience, let’s begin at the top, with theory,
and follow the arrows around the circle. A theory is an explanation of the re-
lationships among phenomena. People naturally (and endlessly) wonder about
problems in society (such as prejudice, poverty, child abuse, and serial murders),
and they develop explanations (“low levels of education cause prejudice”) in their
attempts to understand. Unlike our everyday, informal explanations, scientific
theory is subject to a rigorous testing process. Let’s take prejudice as an example
to illustrate how the research process works.

Theory. Why are some people prejudiced against other groups? One possible
answer to this question is provided by a theory of prejudice stated more than
70 years ago by social psychologist Gordon Allport and tested on a number of
occasions since that time.!

The theory states that prejudice will decrease in situations in which mem-
bers of different groups have equal status and cooperate with each other to
work toward mutual goals. The more equal and cooperative the contact, the
more likely people will see each other as individuals and not as representatives
of a particular group. For example, we might predict that members of a racially
mixed athletic team who work together to achieve victory will experience a
decline in prejudice. However, when different groups compete for jobs, hous-
ing, or other resources, prejudice will tend to increase. Allport’s theory is not
a complete explanation of prejudice, of course, but it will serve to illustrate a
sociological theory.

Variables and Causation. Note that Allport’s theory is stated in terms of
causal relationships between two variables. A variable is any trait that can
change values from case to case; examples include gender, age, income, and
political party affiliation. A theory may identify some variables as causes
and others as effects or results. In the language of science, the causes are
independent variables and the effects or results are dependent variables.
In our theory, equal-status contact would be the independent variable (or the
cause) and level of prejudice would be the dependent variable (the result or
effect). In other words, the theory argues that the level of prejudice depends
on (or is caused by) the extent to which a person participates in equal-status,
cooperative contacts with members of other groups.

!Allport, Gordon, 1954. The Nature of Prejudice. Reading, MA: Addison-Wesley. This theory is often
called “the contact hypothesis.” For recent attempts to test this theory, see: McLaren, Lauren. 2003.
“Anti-Immigrant Prejudice in Europe: Contact, Threat Perception, and Preferences for the Exclusion
of Migrants.” Social Forces, 81:909-937; Pettigrew, Thomas. 1997. “Generalized Intergroup Contact
Effects on Prejudice.” Personality and Social Psychology Bulletin, 23:173-185; and Pettigrew, T. F.,
Tropp, L. R., Wagner, U., & Christ, O. 2011. “Recent Advances in Intergroup Contact Theory.” Inter-
national Journal of Intercultural Relations, 35: 271-280.
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4  INTRODUCTION

Diagrams can be a useful way of representing the relationships between
variables:

Equal-status contact — Prejudice
Independent variable — Dependent variable
X-Y

The arrow represents the direction of the causal relationship, and X and Y are
general symbols for the independent and dependent variables, respectively.

Hypotheses. So far, we have a theory of prejudice and independent and de-
pendent variables. Is the theory true or false? To find out, we need to compare our
theory with the facts; we need to do some research. Our next steps would be to
define our terms and ideas. One problem we often face in research is that theories
are complex and abstract, and we need to be very specific to conduct a valid test.
Often, we do this by deriving a hypothesis from the theory: A hypothesis is a
statement about the relationship between variables that is specific and exact.

For example, if we wished to test Allport’s theory, we would have to say
exactly what we mean by prejudice and we would need to describe “equal-status,
cooperative contact” in detail. We would also review the research literature to
help develop and clarify our definitions and our understanding of these concepts.

As our hypothesis takes shape, we begin the next step of the research pro-
cess, during which we decide exactly how we will gather data. We must decide
how cases will be selected and tested, how variables will be measured, and a host
of related matters. Ultimately, these plans will lead to the observation phase (the
bottom of the wheel of science), where we actually measure social reality. Before
we can do this, we must have a clear idea of what we are looking for and a well-
defined strategy for conducting the search.

Making Observations and Using Statistics. To test Allport’s theory of prej-
udice, we might begin with people from different racial or ethnic groups. We
might place some subjects in cooperative situations and others in competitive sit-
uations. We would need to measure levels of prejudice before and after each type
of contact. We might do this by administering a survey that asks subjects to agree
or disagree with statements such as “Greater efforts must be made to racially
integrate the public school system.” Our goal would be to see whether the people
exposed to the cooperative-contact situations actually become less prejudiced.

Now, finally, we come to the use of statistics in our research. During the
observation phase, we will collect a great deal of numerical information or data.
If we have a sample of 100 people, we will have 200 completed surveys meas-
uring prejudice: 100 completed before the contact situation and 100 filled out
afterward. Try to imagine dealing with 200 completed surveys. If we ask each
respondent just five questions to measure their prejudice, we will have a total of
1000 separate pieces of information to deal with. What will we do? We’ll have to
organize and analyze this information, and statistics will become very helpful at
this point. They will supply us with many ideas about “what to do” with the data.
We will begin to look at some of the options in the next chapter; for now, let us
stress two points about statistics.
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CHAPTER 1 INTRODUCTION 5

First, statistics are crucial. Simply put, without statistics, quantitative re-
search is impossible. We need statistics to analyze data and to shape and refine
our theories of the social world.

Second, and somewhat paradoxically, the role of statistics is limited. As
Figure 1.1 makes clear, scientific research proceeds through several mutually in-
terdependent stages. Statistics become directly relevant only at the end of the
observation stage. Before any statistical analysis can be legitimately applied,
however, earlier phases must have been successfully completed. If the researcher
has asked poorly conceived questions or has made serious errors of design or
method, then even the most sophisticated statistical analysis is valueless. As use-
ful as they can be, statistics cannot substitute for rigorous conceptualization, de-
tailed and careful planning, or creative use of theory. Statistics cannot salvage a
poorly conceived or designed research project. They cannot make sense out of
garbage.

On the other hand, inappropriate statistical applications can limit the useful-
ness of an otherwise carefully done project. Only by successfully completing all
phases of the process can a quantitative research project hope to contribute to
understanding. A reasonable knowledge of the uses and limitations of statistics
is as essential to the education of the social scientist as is training in theory and
methodology.

Empirical Generalizations. Our statistical analysis would focus on assess-
ing our theory, but we would also look for other trends in the data. For ex-
ample, if we found that equal-status, cooperative contact reduces prejudice in
general, we might go on to ask whether the pattern applies to males as well
as to females and to the well educated as well as to the poorly educated. As
we probed the data, we might begin to develop some generalizations based
on the empirical patterns we observe. For example, what if we found that
contact reduced prejudice for younger respondents but not for older respond-
ents? Could it be that younger people are less “set in their ways” and have at-
titudes and feelings that are more open to change? As we developed tentative
explanations, we would begin to revise or elaborate the theory that guides the
research project.

STATISTICS In Everyday Life

Push Polls

Political campaigns sometimes use “push polls” to sway public opinion. These polls are designed
to influence opinions, sometimes by starting or circulating rumors and innuendo. For example, they
may try to brand an opponent as untrustworthy by asking questions like “Would you still support the
candidate if you found out that he is an alcoholic?” Even when completely fabricated, such a question
can create negative associations in the minds of voters. Statistics may be used to “analyze” data
gathered by push polls (or by marketing campaigns that use similar techniques), but the results have
little or no scientific validity.
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A New Theory? If we changed our theory because of our empirical generali-
zations, a new research project would probably be needed to test the revised
theory, and the wheel of science would begin to turn again. We (or perhaps
other researchers) would go through the entire process once again with this
new—and, hopefully, improved—theory. This second project might result in
further revisions that would require still more research, and the wheel of sci-
ence would continue to turn as long as scientists were able to suggest revisions
or develop new insights. Every time the wheel turned, our understanding of the
phenomenon under consideration would (hopefully) improve.

Summary: The Dialog Between Theory and Research. This description
of the research process does not include white-coated, clipboard-carrying sci-
entists who, in a blinding flash of inspiration, discover some fundamental truth
about reality and shout “Eureka!” The truth is that, in the normal course of
science, we rarely are in a position to declare a theory true or false. Rather,
evidence will gradually accumulate over time, and ultimate judgments of truth
will be the result of many years of hard work, research, and debate. It is for this
reason that social scientists usually report that their results point to “evidence”
for something, rather than saying that it “proves” something.

Let’s briefly review our imaginary research project. We began with a theory
and examined the various stages of the research project that would be needed to
test that theory. We wound up back at the top of the wheel, ready to begin a new
project guided by a revised theory. We saw how theory can motivate research
and how our observations might cause us to revise theory and, thus, motivate
a new research project: Theory stimulates research and research shapes theory.
This constant interaction is the lifeblood of science and the key to enhancing our
understanding of the social world.

The dialog between theory and research occurs at many levels and in mul-
tiple forms. Statistics are one of the most important links between these two
realms. Statistics permit us to analyze data, to identify and probe trends and re-
lationships, to develop generalizations, and to revise and improve our theories.
As you will see throughout this text, statistics are limited in many ways. They
are also an indispensable part of the research enterprise, an essential tool for con-
ducting research and shaping theory. (For practice in describing the relationship
between theory and research and the role of statistics in research, see problems

1.1and 1.2.)

The Goals of This Text

Society is becoming increasingly data driven. Social scientific researchers, as
well as other professionals that work in social policy, market research, sports, and
many other fields, use data to aide their decision making all the time. The goals
of this book are to assist students in becoming skilled at using basic statistics as
well as to introduce them to the ways that social scientists and other profession-
als read, analyze, and interpret data. In this section, we address some of the key
outcomes that students can expect after taking this course.
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CHAPTER 1 INTRODUCTION 7

First, this textbook takes the view that statistics are tools: useful, but not
ends in themselves. Thus, we will not take a “mathematical” approach to the sub-
ject, although we will cover enough material so that you can develop a basic
understanding of why statistics do what they do. The operations in this text can
be carried out manually, but since calculators are rarely used for this purpose in
real-world settings, we also demonstrate how to carry out most operations using
SPSS, a valuable statistical software package. Many professionals use SPSS for
the same purposes, but others use Microsoft Excel, SAS, STATA, R (a free and
open sourced program), and other software packages.

Second, you will soon become involved in advanced coursework in your ma-
jor field of study, and you will find that much of the professional literature as-
sumes at least basic statistical literacy. Furthermore, after graduation, many of
you will find yourselves in positions—either in a career or in graduate school—
where some understanding of statistics will be helpful or perhaps even required.
Very few of you will become statisticians, but you must have a grasp of statistics
in order to read and critically appreciate the research literature of your discipline.
As a student in the social sciences, you simply cannot realize your full potential
without a background in statistics.

This textbook is an introduction to statistics as they are utilized in the
social sciences and applied in many professional settings. The general objec-
tive of the text is to develop an appreciation—a healthy respect—for statistics
and their place in the research process. You should emerge from this experience
with the ability to use statistics intelligently and to know when other people
have done so—and when they have not! Over time, you will become famil-
iar with the advantages and limitations of the more commonly used statistical
techniques, and you will learn which operations are appropriate for a given
purpose. The overall experience should give you insight into how statistics are
used to address social problems, as well as to make informed decisions in most
areas of work and life.

Descriptive and Inferential Statistics

As noted earlier, statistics are tools used to analyze data and answer research
questions. Two general classes of statistical techniques, introduced in this sec-
tion, are available to accomplish this task.

DESCRIPTIVE STATISTICS

The first class of techniques, known as descriptive statistics, is relevant in
several different situations:

1. When a researcher needs to summarize or describe the distribution of a sin-
gle variable. These statistics are called univariate (“one variable”) descriptive
statistics.

2. When the researcher wishes to describe the relationship between two or more
variables. These statistics are called bivariate (“two variable”) or multivariate
(more than two variable) descriptive statistics.
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8 INTRODUCTION

STATISTICS In Everyday Life

Using Descriptive Statistics

American society is increasingly connected to the Internet. In 2016, about 82% of American households
had access to the Internet, a dramatic increase from 53% in 2000. However, connectedness is
dependent on social class: 97% of the most affluent Americans used the Internet vs. only 59% of the
least affluent. What are the implications of this pattern? Are the less affluent being left behind? Will
their lower use of this increasingly essential resource affect the education and job prospects of their
children and thus perpetuate their lower income over the generations? What additional information
would you need to answer these questions?

Source: U.S. Bureau of the Census. 2018. Computer and Internet Use in the United States, 2016. Available at https://www
.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf

Univariate Descriptive Statistics. Many of these statistics are probably fa-
miliar to you. For example, percentages, averages, and graphs can all be used to
describe single variables.

To illustrate the usefulness of univariate descriptive statistics, consider the
following problem: Suppose you wanted to summarize the income distribution of
a community of 10,000 families. How would you do it? Obviously, you couldn’t
simply list all the incomes and let it go at that. You would want to use some sum-
mary measures of the overall distribution—perhaps a graph, an average, or the
percentage of incomes that are low, moderate, or high. Whatever method you
choose, its function is to reduce these thousands of items of information into a
few clear, concise, and easily understood numbers. The process of using a few
numbers to summarize many, called data reduction, is the basic goal of univari-
ate descriptive statistics. Part I of this text is devoted to these statistics.

Bivariate and Multivariate Descriptive Statistics. The second type of descrip-
tive statistics is designed to help us understand the relationship between two or more
variables. These statistics, called measures of association, allow us to quantify the
strength and direction of a relationship. We can use these statistics to investigate
two matters of central theoretical and practical importance to any science: causa-
tion and prediction. Measures of association help us disentangle the connections
between variables and trace the ways in which some variables might affect others.
We can also use them to predict scores on one variable from scores on another.

For example, suppose you were interested in the relationship between two
variables—amount of study time and grades—and had gathered data from a group of
college students. By calculating the appropriate measure of association, you could
determine the strength of the relationship and its direction. Suppose you found a
strong, positive relationship. This would indicate that “study time” and “grade”
were closely related (strength of the relationship) and that as one increased in value,
the other also increased (direction of the relationship). You could make predictions
from one variable to the other (“the longer the study time, the higher the grade™).

Measures of association can give us valuable information about relation-
ships between variables and help us understand how one variable causes another.
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CHAPTER 1 INTRODUCTION 9

One important point to keep in mind about these statistics, however, is that they
cannot, by themselves, prove that two variables are causally related. Even if a
measure of association shows a very strong relationship between study time and
grades, we cannot conclude that one variable causes the other. Correlation is not
the same thing as causation, and the mere existence of a correlation cannot prove
that a causal relationship exists between variables. We will consider bivariate as-
sociations or correlations in Part III of this text, and we will cover multivariate
analysis in Part I'V.

INFERENTIAL STATISTICS

This second class of statistical techniques becomes relevant when we wish to
generalize to a population, the total collection of all cases in which the researcher
is interested and wishes to understand better. Examples of possible populations
would be voters in the United States, all parliamentary democracies, or all unem-
ployed people in Atlanta.

Populations can theoretically range from enormous (“‘all humanity”) to quite
small (all sophomores on your campus) but are usually fairly large. Social scien-
tists almost never have the resources or time to test every case in a population,
hence the need for inferential statistics. This class of techniques involves using
information from samples (carefully chosen subsets of the population) to make
inferences about populations. Because they have fewer cases, samples are cheaper
to assemble, and—if the proper techniques are followed—generalizations based
on samples can be very accurate representations of populations.

Many of the concepts and procedures involved in inferential statistics may be
unfamiliar, but most of us are experienced consumers of inferential statistics—most
familiarly, perhaps, in the form of public-opinion polls and election projections.
When a public-opinion poll reports that 42% of the American electorate plans to
vote for a certain presidential candidate, it is essentially reporting a generaliza-
tion to a population (“the American electorate”—which numbers over 130 million
people) from a carefully drawn sample (usually between 1000 and 3000 respond-
ents). Inferential statistics will occupy our attention in Part II of this book. (For
practice in describing different statistical applications, see problems 1.3 and 1.7.)

STATISTICS In Everyday Life

Using Inferential Statistics

In 2019, a sample of adult Americans was asked about same-sex marriage. About 61% were in favor
of allowing gays and lesbians to legally marry, a clear majority of the population. Further, surveys show
that the level of support has steadily increased since the turn of the century: in 2001, only 35% of the
public supported same-sex marriage. Is American society reaching a consensus on this issue? Before
coming to a conclusion, remember that the level of support varies dramatically from group to group.
For example, in 2019, 79% of Americans with no religious affiliation supported same-sex marriages
vs. only 29% of white Evangelical Protestants.

Source: Pew Research Center. 2019. “Religion and Public Life.” Available at https://www.pewforum.org/fact-sheet/changing
-attitudes-on-gay-marriage/
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10 INTRODUCTION

Discrete and Continuous Variables

In the next chapter, you will begin to encounter the many statistics available to
social scientists. One aspect of using statistics that can be puzzling is deciding
when to use which statistic. You will learn specific guidelines as you go along,
but we will introduce some basic and general guidelines at this point. The first of
these concerns discrete and continuous variables; the second, covered in the next
section, concerns level of measurement.

DISCRETE VARIABLES

A variable is said to be discrete if it has a basic unit of measurement that cannot
be subdivided. For example, number of people per household is a discrete vari-
able. The basic unit is people, a variable that will always be measured in whole
numbers; you’ll never find 2.7 people living in a specific household. The scores
of discrete variables will be 0, 1, 2, 3, or some other whole integer. Other exam-
ples of discrete variables include number of siblings, children, or cars. To meas-
ure these variables, we count the number of units (people, cars, siblings) for each
case (household, person) and record results in whole numbers.

CONTINUOUS VARIABLES

A variable is continuous if it has scores that can be subdivided infinitely (at
least theoretically). One example of a continuous variable is time, which can
be measured in minutes, seconds, milliseconds (thousandths of a second),
nanoseconds (billionths of a second), or even smaller units. In a sense, when
we measure a continuous variable, we are always approximating and round-
ing off the scores. We could report somebody’s time in the 100-yard dash as
10.7 seconds or 10.732451 seconds, but, because time can be infinitely sub-
divided, we will never be able to report the exact time elapsed. Because we
cannot work with infinitely long numbers, we must report the scores on con-
tinuous variables as if they were discrete.

The scores of discrete and continuous variables may look the same even
though we measure and process them differently. This distinction is one of the
most basic in statistics and will be one of the criteria we use to choose among
various statistics and graphs. (For practice in distinguishing between discrete and
continuous variables, see problems 1.4 through 1.9.)

Level of Measurement

A second basic and very important guideline for the selection of statistics is the
level of measurement, or the mathematical nature of the variables under consid-
eration. Some variables, such as age and income, have numerical scores (years,
dollars) and can be analyzed in a variety of ways, using many different statistics.
For example, we could summarize these variables with a mean or average and
make statements like “The average income of residents of this city is $43,000” or
“The average age of students on this campus is 19.7.”
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CHAPTER 1 INTRODUCTION 11

Other variables, such as gender and zip code, have “scores” that are re-
ally just labels, not numbers at all, and we have fewer options for analyzing
them. The average would be meaningless as a way of describing these vari-
ables. Your personal zip code might /ook like a number, but it is merely an
arbitrary label that happens to be expressed in digits. These “numbers” can-
not be added or divided, and statistics like the average zip code of a group of
people are pointless.

Level of measurement is crucial because our statistical analysis must match
the mathematical characteristics of our variables. One of the first steps in any
quantitative research project is to determine the level of measurement of our vari-
ables, and we will consider the level of measurement of variables throughout this
text and each time a statistical technique is introduced.

There are three levels of measurement. In order of increasing sophistication,
they are nominal, ordinal, and interval-ratio. Each will be discussed separately.

THE NOMINAL LEVEL OF MEASUREMENT

Variables measured at the nominal level (such as gender) have non-numerical
“scores” or categories. Other examples of variables at this level include zip
code, political party affiliation, and religious preference. Statistical analysis with
nominal-level variables is limited to comparing the relative sizes of the categories
and making statements such as “There are more females than males in this dorm”
or “The most common zip code on this campus is 20158.”

Let’s look at some examples of nominal-level variables and take a moment to
consider some terminology. Earlier in this chapter, we defined a variable as any
trait that can vary from case to case. A variable consists of categories or scores—
the traits that can vary. We “measure” a variable (e.g., gender) by classifying a
case into one of the categories (e.g., male, female, transgender, other) or assign-
ing a score to it. Several examples of nominal-level variables and their scores or
categories are presented in Table 1.1.

Note that there is a number assigned to each of the categories in Table 1.1
(e.g., 1 for Protestant, 2 for Catholic, etc.), as is commonly done in quantita-
tive research, especially when the data are being prepared for computer analysis.
Recall that, for nominal-level variables, these “numbers” are just labels and can-
not be treated mathematically: They cannot be added, divided, or otherwise ma-
nipulated. The categories or scores do not make up a mathematical scale; they are
different from each other but not “more or less” or “higher or lower” than each
other. Males and females differ in terms of gender, but neither category has more

TABLE 1.1 Some Examples of Nominal-Level Variables and Their Categories

Political Party

Variables — Gender Preference Religious Preference
Categories — 1 Male 1 Democrat 1 Protestant
2 Female 2 Republican 2 Catholic
3 Transgender 3 Other 3 Jewish
4 Other 4 Independent 4 None
5 Other
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12 INTRODUCTION

TABLE 1.2 Criteria for Stating the Categories of Variables

The categories of variables must

1. Be mutually exclusive (Each case must fit into one and only one category.)
2. Be exhaustive (There must be a category for every case.)

3. Include elements that are similar (The cases in each category must be similar to
each other.)

TABLE 1.3 Four Scales for Measuring Religious Affiliation

Scale A Scale B Scale C Scale D
Protestant Protestant Protestant Protestant
Episcopalian Catholic Non-Protestant Catholic
Catholic Jewish Jewish
Jewish None
None Other
Other

or less gender than the other. In the same way, a zip code of 54398 is different
from but not “higher” than a zip code of 13427.

Nominal variables are rudimentary, but there are criteria that we need to
observe in order to measure them adequately. These criteria, in fact, apply to
variables measured at all levels. They are stated in Table 1.2 and illustrated in
Table 1.3. We consider and illustrate the criteria one at a time.

The first criterion (“mutually exclusive”) means that there can be no overlap
between categories and no confusion or ambiguity about where a case belongs.
To illustrate, consider Scale A in Table 1.3, which violates this principle because
of the overlap between the categories “Protestant” and “Episcopalian.”

The second criterion (“‘exhaustive’) means that there must be a place for
every case or score. Scale B in Table 1.3 violates this criterion because there is no
category for people who have no religious affiliation and for those who belong to
religions other than the three stated. Often, we meet this criterion by including an
“Other” category (as in Scale D).

The third criterion (“similar””) means that the categories should include cases
that are truly comparable. To put it another way, we should avoid lumping ap-
ples with oranges. There are no hard-and-fast guidelines for judging whether a
category includes similar items. The researcher must make that decision in terms
of the specific purpose of the research, and categories that are too broad for some
purposes may be perfectly adequate for others. Scale C in Table 1.3 violates this
criterion because it uses a category (Non-Protestant, which would include Catho-
lics, Jews, Buddhists, Atheists, and so forth) that seems too broad for meaningful
research.

Scale D in Table 1.3 is probably the most common way religious prefer-
ence has been measured in North America, and this scale would be adequate in
many situations. However, it may be too general for some research purposes.
For example, an investigation focused on moral questions such as support for
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CHAPTER 1 INTRODUCTION 13

legal abortion would probably have to distinguish among the various Protes-
tant denominations, and an effort to document religious diversity certainly
would need to add categories for Buddhists, Muslims, and numerous other re-
ligious faiths.

THE ORDINAL LEVEL OF MEASUREMENT

Variables measured at the ordinal level are more sophisticated than nominal-
level variables. They have scores or categories that can be ranked from high
to low, so, in addition to classifying cases into categories, we can describe the
categories in terms of “more or less” with respect to each other. Thus, with
ordinal-level variables, not only can we say that one case is different from
another; we can also say that one case is higher or lower, more or less than
another.

For example, the variable socioeconomic status is usually measured at the
ordinal level, often using categories such as those in Table 1.4. Individual cases
can be compared in terms of the categories into which they are classified. Thus,
an individual classified as a 4 (upper class) would be ranked higher than an

STATISTICS In Everyday Life )

Changes in Socioeconomic Status in the United States

The poverty rate in the United States has fluctuated between 10% and 15% since the mid-1960s. It
normally rises during periods of recession and declines as the economy recovers. It is interesting to
note, however, that the percentage of Americans who define themselves as “lower class” is much less
than the facts about poverty suggest, although this has been changing over time. According to the
General Social Survey, only 4.2% of Americans described themselves as lower class in 1980. This
rose to 5% in 1990, 8.6% in 2010, and 9% in 2018. Why does this disparity between self-identification
and the realities of poverty persist? What sociological factors might help to explain this phenomenon?

Percent of Americans identifying as lower class

10

8

1990 2000 2010 2018
M Lower class

Sources: U.S. Bureau of the Census. Available at https://www.census.gov/library/stories/2018/09/poverty
-rate-drops-third-consecutive-year-2017.html; National Opinion Research Center. The General Social Survey.
Available at https://gssdataexplorer.norc.org/

\ .

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-322

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



14 INTRODUCTION

TABLE 1.4 Measuring Socioeconomic Status

If you were asked to describe yourself, into which of the following classes would you
say you belong?

Score Class
1 Lower class
2 Working class
3 Middle class
4 Upper class

individual classified as a 2 (working class), and a lower-class person (1) would
rank lower than a middle-class person (3). Other variables that are usually meas-
ured at the ordinal level include attitude and opinion scales, such as those that
measure prejudice, alienation, or political conservatism.

The major limitation of the ordinal level of measurement is that the
scores have no absolute or objective meaning: They only represent position
with respect to other scores. We can distinguish between high and low scores,
but the distance between the scores cannot be described in precise terms.
Thus, in terms of the scale shown in Table 1.4, although we know that a social
class score of 4 is more than a score of 2, we do not know whether it is twice
as much as 2.

Our options for statistical analysis with ordinal-level variables are limited by
the fact that we don’t know the exact distances from score to score. For example,
addition (and other mathematical operations) assumes that the intervals between
scores are exactly equal. If the distances from score to score are not equal, 2 + 2
might equal 3 or 5 or even 15.

Strictly speaking, statistics such as the average, or mean (which requires
that the scores be added together and then divided by the number of scores), are
not permitted with ordinal-level variables. The most sophisticated mathematical
operation fully justified with an ordinal variable is ranking categories and cases
(although, as we will see, it is not unusual for social scientists to violate this rule
by calculating an average for an ordinal-level variable).

THE INTERVAL-RATIO LEVEL OF MEASUREMENT?

The scores of variables measured at the interval-ratio level are actual numbers
that can be analyzed with all possible statistical techniques. This means that we
can add or multiply the scores, compute averages or square roots, or perform any
other mathematical operation.

There are two crucial differences between ordinal-level and interval-ratio—
level variables. First, interval-ratio—level variables have equal intervals from
score to score. For example, age is an interval-ratio variable because the unit
of measurement (years) has equal intervals (the distance from year to year is

>Many statisticians distinguish between the interval level (equal intervals) and the ratio level (true
zero point). This text will treat these two levels as one.
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CHAPTER 1 INTRODUCTION 15

365 days). Similarly, if we ask people how many siblings they have, we would
produce a variable with equal intervals: Two siblings are 1 more than 1, and 13
is 1 more than 12. Likewise, if I have four children and you have two children, I
have twice as many children as you do.

Second, interval-ratio variables have true zero points. That is, the score of
0 for these variables is not arbitrary; it indicates the absence or complete lack
of whatever is being measured. For example, the variable “number of siblings”
has a true zero point because it is possible to have no siblings at all. Similarly,
it is possible to have 0 years of education, no income at all, a score of 0 on a

O\ BN AW: NI Determining the Level of Measurement of a Variable

Step Operation
1. Inspect the scores or categories of the variable.
2. Can the scores be ranked from low to high?

Illustration: Marital status is a variable that may be categorized as follows:

* Married
® Never married

® Divorced
* Widowed

Do people who are widowed have more marital status than those who are divorced?

Your answer should be no, because categories of marital status cannot be ranked from low
to high.

STOP HERE. The level of measurement is nominal.
For variables for which the categories can be ranked from low to high, proceed to step 3.

3. Is the distance between the scores equal or defined?
Illustration: Consider the following scale that measures support for the death penalty.

® Somewhat oppose
® Strongly oppose
® Somewhat support

e Strongly support

People who “strongly” support the death penalty are more in favor than people who “somewhat”
support it, but it is unclear from the categories how much additional support to expect. Your
answer should be no, the distance is not equal or defined.

STOP HERE. The level of measurement is ordinal.

For variables for which the scores are equally spaced and defined, proceed to step 4.
4. You have determined that the scores or categories of your variable can be ranked from low to
high and are equally spaced and defined.

STOP HERE. The level of measurement is interval-ratio.

Illustration: Consider the following question: What is your current age?

Ages can be ranked from low to high and are defined and equally spaced. Age 4 comes
before age 5. The distance between the ages of 4 and 5 is 12 months, just like the distance
between the ages of 68 and 69. A person who is 20 has lived exactly twice as long as a
person who is 10.

\,
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INTRODUCTION

READING STATISTICS An Introduction

Many students are drawn to the social sciences
because they want to make a difference in society.
It sometimes comes as a shock to them that
they need to learn about research methods and
statistics. Some students ask, What's the point? One
answer to this question is that the analysis of data
has become an essential part of everyday decision
making in all sectors of society. To learn more about
how statistics are used to make evidence-based
decisions, see the boxes in this text on Social
Research and Data Analysis.

A second answer to this question is that data
are analyzed in all forms of published research in the
social sciences. If you are interested in becoming a
social science researcher, these boxes on Reading
Statistics are for you. As you will see, professional
researchers use a reporting style that is quite
different from the statistical language you will find
in this text. Space in reports and research journals
can be expensive, and the typical research project
requires the analysis of many variables. Thus, a
large volume of information must be summarized in
few words. Researchers may express in a word or

two a result or an interpretation that will take us a
paragraph or more to state.

Because this is an introductory textbook, we
have been careful to break down the computation
and logic of each calculation and to explain what we
are doing when we use statistics. In this text, we will
never be concerned with more than a few variables
at a time. We will be able to take pages or even entire
chapters to develop a statistical idea or concept.
Thus, a major purpose of these boxed inserts is to
summarize how our comparatively long-winded
(but more careful) vocabulary is translated into the
concise language of the professional researcher.

When you have difficulty reading words, you
consult reference books (especially dictionaries
or online search engines) to help you analyze
the elements (words) of the passage. When you
have difficulty reading statistics, you should do
exactly the same thing. We hope you will find this
text a valuable reference book, but if you learn
enough to be able to use any source to help you
read statistics, this text will have fulfilled one of
its major goals.

multiple-choice test, and to be 0 years old (although not for very long). Other
examples of interval-ratio variables normally include number of children, life ex-
pectancy, and years married. All mathematical operations are permitted for vari-
ables measured at the interval-ratio level.

SOME FINAL POINTS

Table 1.5 summarizes the discussion of the three levels of measurement. Note
that the number of permitted mathematical operations increases as we move
from nominal to ordinal to interval-ratio levels of measurement. Ordinal-level
variables are more sophisticated and flexible than nominal-level variables,
and interval-ratio—level variables permit the broadest range of mathematical
operations.

Let us end this section by making four points. The first stresses the importance
of level of measurement, and the next three discuss some common points of con-
fusion in applying this concept.

1. Knowing the level of measurement of a variable is crucial because it tells us
which statistics are appropriate and useful. Not all statistics can be used
with all variables. As shown in Table 1.5, different statistics require different
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TABLE 1.5 Basic Characteristics of the Three Levels of Measurement

Levels

Examples

Measurement
Procedures

Mathematical
Operations Permitted

Nominal

Ordinal

Interval-Ratio

Gender, race, reli-
gion, marital status

Social class, atti-
tude and opinion
scales

Age, number of
children, income

Classification into
categories

Classification into
categories plus rank-
ing of categories with
respect to each other
All of the above plus
description of scores
in terms of equal units

Counting number
in each category,
comparing sizes of
categories

All of the above plus
judgments of “greater
than” and “less than”

All of the above plus
all other mathematical
operations (addition,

subtraction, multi-
plication, division,
square roots, etc.)

mathematical operations. For example, computing an average requires addition
and division, and finding a median (or middle score) requires that the scores be
ranked from high to low. Addition and division are appropriate only for interval-
ratio—level variables, and ranking is possible only for variables that are at least
ordinal in level of measurement. Your first step in dealing with a variable and
selecting appropriate statistics is always to determine its level of measurement.

2. The distinction made earlier between discrete and continuous variables is a
concern only for interval-ratio—level variables. Nominal- and ordinal-level
variables are almost always discrete. That is, researchers typically measure
these variables by asking respondents to select the single category that best
describes them, as illustrated in Table 1.6. The scores of these survey items,
as they are stated here, are discrete because respondents must select only one
category and because these scores cannot be subdivided.

Interval-ratio variables can be either discrete (number of times you’ve been
divorced, which must be a whole integer) or continuous (age, which could be
measured to the nanosecond, or even more precisely). Remember that, since we
cannot work with infinitely long numbers, continuous interval-ratio variables
have to be rounded off and reported as if they were discrete. The distinction
between discrete and continuous variables relates more to our options for appro-
priate statistics or graphs than to the appearance of the variables.

3. In determining level of measurement, always examine the way in which the
scores of the variable are actually stated. This is particularly a problem with
variables that are interval-ratio but that have been measured at the ordinal
level.

To illustrate, consider income as a variable. If we asked respondents to list
their exact income in dollars, we would generate scores that are interval-ratio
in level of measurement. Measured in this way, the variable would have a true
zero point (no income at all) and equal intervals from score to score (1 dollar).
It is more convenient for respondents, however, simply to check the appropri-
ate category from a list of income ranges, as in Table 1.7. The four scores or

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-322

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



18 INTRODUCTION

TABLE 1.6 Measuring a Nominal Variable (Marital Status) and an Ordinal Variable
(Support for Capital Punishment) as Discrete Variables

What is your marital status? Do you support the death penalty for persons
Are you presently: convicted of homicide?

Score Category Score Category
1 Married 1 Strongly support
2 Divorced 2 Somewhat support
3 Separated 3 Neither support nor oppose
4 Widowed 4 Somewhat oppose
5 Single 5 Strongly oppose

TABLE 1.7 Measuring Income at the Ordinal Level
Score Income Range

Less than $25,000
$25,000 to $49,999
$50,000 to $99,999
$100,000 or more

AW N =

categories in Table 1.7 are ordinal in level of measurement because they are
unequal in size. It is common for researchers to sacrifice precision (income in
actual dollars) for the convenience of the respondents. You should be careful
to look at the way in which the variable is measured before making a decision
about its level of measurement.

&

There is a mismatch between the variables that are usually of most interest to
social scientists (race, gender, marital status, attitudes, and opinions) and the
most powerful and interesting statistics (such as the mean). The former are
typically nominal or ordinal in level of measurement, but the more sophisti-
cated statistics require measurement at the interval-ratio level.

This mismatch creates some real difficulties for social science researchers.
On one hand, researchers will want to measure variables at the highest, most
precise level of measurement possible. If income is measured in exact dol-
lars, for example, researchers can make precise descriptive statements about
the differences between people: “Ms. Parashar earns $12,547 more than
Mr. Wong.” If the same variable is measured in broad, unequal categories, such
as those in Table 1.7, comparisons between individuals would be less precise
and provide less information: “Ms. Parashar earns more than Mr. Wong.”

On the other hand, given the nature of the disparity, researchers are more
likely to treat variables as if they were higher in level of measurement than
they actually are. In particular, variables measured at the ordinal level, espe-
cially when they have many possible categories or scores, are often treated
as if they were interval-ratio and are analyzed with the more powerful, flex-
ible, and interesting statistics available at the higher level. This practice is
common, but researchers should be cautious in assessing statistical results
and developing interpretations when the level of measurement criterion has
been violated.
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In conclusion, level of measurement is a very basic characteristic of a vari-
able, and we will always consider it when presenting statistical procedures. Level
of measurement is also a major organizing principle for the material that fol-
lows, and you should make sure that you are familiar with these guidelines. (For
practice in determining the level of measurement of a variable, see problems 1.4

through 1.9.)

SUMMARY | —

1. The purpose of statistics is to organize, manipulate,
and analyze data so that researchers can test theories
and answer questions. Along with theory and method-
ology, statistics are a basic tool used by social scien-
tists to enhance their understanding of the social world.

2. There are two general classes of statistics. Descriptive
statistics are used to summarize the distribution of a
single variable and the relationships between two or
more variables. We use inferential statistics to general-
ize to populations from random samples.

3. Variables may be either discrete or continuous. They
may be measured at any of three different levels. At
the nominal level, we can compare category sizes.
At the ordinal level, scores can be ranked from high
to low. At the interval-ratio level, all mathematical
operations are permitted. Interval-ratio—level vari-
ables can be either discrete or continuous. Variables
at the nominal or ordinal level are almost always
discrete.

GLOSSARY I EEEEEEEEEEEE———.

Continuous variable. A variable with a unit of measure-
ment that can be subdivided infinitely.

Data. Information expressed as numbers.

Data reduction. Summarizing many scores with a few
statistics.

Dependent variable. A variable that is identified as an
effect or outcome. The dependent variable is thought to
be caused by the independent variable.

Descriptive statistics. The branch of statistics concerned
with (1) summarizing the distribution of a single vari-
able or (2) measuring the relationship between two or
more variables.

Discrete variable. A variable with a basic unit of meas-
urement that cannot be subdivided.

Hypothesis. A specific statement, derived from a theory,
about the relationship between variables.

Independent variable. A variable that is identified as a
cause. The independent variable is thought to cause the
dependent variable.

Inferential statistics. The branch of statistics concerned with
making generalizations from samples to populations.

Level of measurement. The mathematical characteris-
tic of a variable and the major criterion for selecting

statistical techniques. Variables can be measured at any
of three levels, each permitting certain mathematical
operations and statistical techniques. The characteris-
tics of the three levels are summarized in Table 1.5.

Measures of association. Statistics that summarize the
strength and direction of the relationship between variables.

Population. The total collection of all cases in which the
researcher is interested.

Quantitative research. Research projects that collect data
or information in the form of numbers.

Research. Any process of gathering information sys-
tematically and carefully to answer questions or test
theories. Statistics are useful for research projects that
collect numerical information or data.

Sample. A carefully chosen subset of a population. In
inferential statistics, information is gathered from a
sample and then generalized to a population.

Statistics. A set of mathematical techniques for organiz-
ing and analyzing data.

Theory. A generalized explanation of the relationship
between two or more variables.

Variable. Any trait that can change values from case
to case.
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1.1

1.2

1.3
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In your own words, describe how statistics might be
used to measure changes in divorce rates over time.
Using the “wheel of science” as a framework, explain
how statistics can be used to link theories about fam-
ily change with research.

Find a research article in any social science journal.
Choose an article on a subject of interest to you, and
don’t worry about being able to understand all of the
statistics that are reported.

a. How much of the article is devoted to statistics?

b. Is the research based on a sample from some pop-
ulation? How large is the sample? How were sub-
jects or cases selected? Can the findings be gener-
alized to some population?

c. What variables are used? Which are independ-
ent and which are dependent? For each variable,
determine the level of measurement and whether
the variable is discrete or continuous.

d. What statistical techniques are used? Try to fol-
low the statistical analysis and see how much you
can understand. Save the article and read it again
after you finish this course and see if you do any
better.

Distinguish between descriptive and inferential sta-
tistics. Describe a research situation that would use
each type.

For each of the following items from a public-
opinion survey, indicate the level of measurement
and whether the variable will be discrete or continu-
ous. (HINT: Remember that only interval-ratio—level
variables can be continuous.)

a. In what country were you born?

b. What is your age?

c¢. How many years of school have you completed?

d. What is your occupation?

e. If you were asked to use one of these four names
for your social class, in which would you say you
belonged?

Middle

Lower

Upper
Working
f. What is your grade-point average?
g. What is your major?
h. The only way to deal with the drug problem is to
legalize all drugs.
Strongly disagree
Disagree
Undecided

Agree
Strongly agree
i. What is your astrological sign?
j- How many brothers and sisters do you have?

1.5 Following are brief descriptions of how researchers

measured a variable. For each situation, determine

the level of measurement of the variable and whether

it is continuous or discrete.

a. Race or ethnicity. Check all that apply:

Black or African American

White

Hispanic

Asian

Native Hawaiian or Other Pacific
Islander

American Indian or Alaskan Native
Other (Please specify: )

b. Honesty. Subjects were observed as they passed
by a spot where an apparently lost wallet was
lying. The wallet contained money and complete
identification. Subjects were classified into one of
the following categories:

Returned the wallet with money
Returned the wallet but kept the money
Did not return the wallet

c¢. Social class. What was your family situation when
you were 16 years old?

Very well off compared to other families
About average
Not so well off

d. Education. How many years of schooling have
you completed?

e. Racial integration on campus. Students were
observed during lunchtime at the cafeteria for a
month. The number of students sitting with stu-
dents of other races was counted for each meal
period.

f. Number of children. How many children have
you ever had?

g. Student seating patterns in classrooms. On the
first day of class, instructors noted where each stu-
dent sat. Seating patterns were remeasured every
two weeks until the end of the semester. Each stu-
dent was classified as:

Same seat as at last measurement
Adjacent seat

Different seat, not adjacent
Absent
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h. Physicians per capita. The number of physicians
was counted in each of 50 cities. The researchers
used population data to compute the number of
physicians per capita.

i. Physical attractiveness. A panel of 10 judges
rated each of 50 photos of a mixed-race sample of
males and females for physical attractiveness on a
scale from O to 20, with 20 being the highest score.

j- Number of accidents. The number of traffic acci-
dents per year for each of 20 intersections was
recorded. Also, each accident was rated as:

Minor damage, no injuries

Moderate damage, personal injury
requiring hospitalization

Severe damage and injury

1.6 For each research project listed here, identify the var-
iables and classify them in terms of level of measure-
ment, and whether they are discrete or continuous. Is
each variable independent or dependent?

a. For a research project in a political science course,
a student collected information for 50 nations. She
used infant mortality rates as a measure of quality
of life and the percentage of all adults who are per-
mitted to vote as a measure of democratization. Her
hypothesis was that quality of life is higher in more
democratic nations.

b. A highway engineer wonders whether increasing
the speed limit on a heavily traveled highway will
result in more accidents. He plans to collect infor-
mation on traffic volume, number of accidents,
and number of fatalities for the six-month periods
before and after the speed limit is changed.

c. Students are planning a program to promote “safe
sex” and awareness of other health concerns on
campus. To measure the effectiveness of the pro-
gram, they plan to survey students about their
knowledge of safe sex practices before and after
the program.

d. A graduate student asks 500 female students
whether they have experienced any sexual harass-
ment on campus. Each student is asked to estimate
the frequency of these incidents as either “often,
sometimes, rarely, or never.” The researcher also
gathers data on age and major to see whether there
is any connection between these variables and fre-
quency of sexual harassment.

e. A supervisor in the solid waste management divi-
sion of city government is assessing two differ-
ent methods of trash collection. One area of the
city is served by trucks with two-man crews who
do “backyard” pickups, and the rest of the city is

CHAPTER 1 INTRODUCTION 21

served by “high-tech” single-person trucks with
curbside pickup. The assessment measures include
the number of complaints received from the
two different areas over a six-month period, the
amount of time per day required to service each
area, and the cost per ton of trash collected.

Does tolerance for diversity vary by race or eth-
nicity? Samples of white, black, Asian, Hispanic,
and Native Americans have been given a survey
that measures their interest in and appreciation of
cultures other than their own.

States have drastically cut their budgets for men-
tal health care. Will this increase the number of
homeless people? A researcher contacts a number
of agencies serving the homeless in each state and
develops an estimate of the size of the homeless
population before and after the cuts.

The adult bookstore near campus has been raided
and closed by the police. Your social research class
has decided to poll a sample of students to find
out: whether he or she supports the store’s closing,
how many times each has visited the store, and
whether he or she agrees that “pornography causes
sexual assaults on women.” The class also collects
information on the gender, political philosophy,
and major of the students.

1.7 For each of the following research situations, identify
the level of measurement of all variables and indicate
whether they are discrete or continuous. Also, decide
which statistical applications are used: descriptive
statistics (single variable), descriptive statistics (two
or more variables), or inferential statistics. Remember
that it is quite common for a given situation to require
more than one type of application.

a.

The administration of your university is proposing
a change in parking policy. You select a random
sample of students and ask each one how strongly
they favor or oppose the change. You then use the
results to estimate the support for the change in the
entire student body.

You ask everyone in your social research class
for their highest letter grade in any math course
and their grade (percentage of items correct) on a
recent statistics test. You compare the two sets of
scores to see whether there is a relationship.
Your aunt is running for mayor and hires you to
question a random sample of voters about their
concerns. Specifically, she wants to use this infor-
mation to characterize the entire city in terms of
political party affiliation, gender, and what per-
centage favor widening of the main street in town.
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d. Several years ago, a state reinstituted the death b. For high school students, does GPA affect sexual
penalty for first-degree homicide. Did this reduce activity? A sample has been interviewed about the
the homicide rate? A researcher has gathered infor- number of different romantic relationships they
mation on the number of homicides in the state for have had, the number of times they have had sex-
the two-year periods before and after the change. ual intercourse, and their high school grade-point

e. A local automobile dealer is concerned about cus- average.
tomer satisfaction. He mails a survey form to all c¢. Several hundred voting precincts across the nation
customers for the past year and asks whether they have been classified in terms of percentage of
are satisfied, very satisfied, or not satisfied with minority voters, voting turnout, and percentage of
their purchases. local elected officials who are members of minor-

1.8 For each of the first 20 items in the General Social 1ty Eroups. Do precincts with higher percentages
. o of minority voters have lower turnout? Do pre-
Survey (see Appendix G), indicate the level of meas- . ST L
urement and whether the variable is continuous or cmct.s with hlgher percentages of minority elected
. officials have higher turnout?
discrete. d. As nations become more affluent (as measured by
1.9 Identify all variables in the research situations listed per capita income), does the percentage of chil-
below and classify them by their level of measure- dren enrolled in school increase? Is this relation-
ment. Which variables are independent and which are ship different for boys and girls?
dependent? e. Does the level of support for gun control vary

a. A researcher is wondering about racial preferences
in dating among college students and asks a large
sample of undergraduates about their own racial
self-identification. She then asks the respondents
to rank some racial-ethnic categories (stated as:
white, black, Latino, Asian) in terms of desirabil-

by number of years of schooling? Does this rela-
tionship vary by gender, region of the country,
or political party preference? Support for gun
control was measured by a five-point scale that
ranged from “strongly in favor” to “strongly
opposed.”

ity as potential dates.

YOU ARE THE RESEARCHER

Introduction

The best way—maybe the only way—to learn statistics and to appreciate their impor-
tance is to apply and use them. This includes selecting the correct statistic for a given
purpose, doing the calculations, and interpreting the result. We have included exten-
sive end-of-chapter problems to give you multiple opportunities to select and calcu-
late statistics and say what they mean. Many of these problems have been written so
that they can be solved with just a simple hand calculator. We've purposely kept the
number of cases unrealistically low so that the tedium of lengthy calculations would
not interfere with the learning process. These problems present an important and use-
ful opportunity to develop your statistical skills.

As important as they are, these end-of-chapter problems are simplified and sev-
eral steps removed from the complex realities of social science research and data
analysis. To provide a more realistic statistical experience, we have included a feature
called “You Are the Researcher,” in which you will walk through many of the steps of
a research project, making decisions about how to apply your growing knowledge of
research and statistics and interpreting the statistical output you generate.

To conduct research and data analysis, you need two things. First, you need
something to analyze, a database or a collection of information. These days, data-
bases are often very large and include hundreds or thousands or more of bits of
information. They are far too large to analyze with even the most sophisticated hand
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calculator, and this brings us to the second thing you need: a computerized statistical
analysis program. We address these two needs separately.

In the “You Are the Researcher” exercises, you will usually analyze the 2018
General Social Survey (GSS), although several other databases are supplied with this
text. Please visit www.cengagebrain.com to view and download the databases. The
GSS is a public-opinion poll that has been conducted on nationally representative
samples of citizens of the United States since 1972. The 2018 GSS includes more
than 1000 items of information (e.g., gender, race, level of education) and questions
covering a broad range of social and political issues (e.g., support for legal abortion,
political beliefs and values, and levels of trust in other people). The GSS and the other
databases are actual, “real-life” data, so you have the opportunity to practice your
statistical skills in a realistic context.

To analyze the GSS—or any large database—you will use a computerized statisti-
cal software package. There are several such programs commonly available, such
as SAS, STATA, and R. The one featured in this text is called the Statistical Package
for the Social Sciences (SPSS). A statistical package is a set of computer programs
designed to analyze data. The advantage of these packages is that, because the
programs are already written, you can capitalize on the power of the computer with
minimal computer literacy and virtually no programming experience. Be sure to read
Appendix F before attempting any data analysis.

Some of you may not have access to SPSS on your campus but you can still
conduct these research projects by using the student version of SPSS.2 This student
version is limited to smaller available online with fewer than 1500 respondents and
50 variables.

In most of the research exercises, which begin in Chapter 2, you will make the
same kinds of decisions as do professional researchers and move through some
of the steps of a research project. You will select variables and statistics, generate
and analyze output, and express your conclusions. When you finish these exer-
cises, you will be well prepared to conduct your own research project (within limits,
of course) and perhaps make a contribution to the ever-growing social science
research literature.

3The student version of SPSS is available online.
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