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NOTE: This book is a standalone book and will not include any access codes.Statistics is one of
the most practical and essential courses that you will take, and a primary goal of this popular text
is to make the task of learning statistics as simple as possible. Straightforward instruction, built-
in learning aids, and real-world examples have made STATISTICS FOR THE BEHAVIORAL
SCIENCES, 10th Edition the text selected most often by instructors for their students in the
behavioral and social sciences. The authors provide a conceptual context that makes it easier to
learn formulas and procedures, explaining why procedures were developed and when they
should be used. This text will also instill the basic principles of objectivity and logic that are
essential for science and valuable in everyday life, making it a useful reference long after you
complete the course.
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723Subject Index 725PREFACEMany students in the behavioral sciences view the required
statistics course as an intimidating obstacle that has been placed in the middle of an otherwise
interesting curriculum. They want to learn about human behavior—not about math and science.
As a result, the statistics course is seen as irrelevant to their education and career goals.
However, as long as the behavioral sciences are founded in science, knowledge of statistics will
be necessary. Statistical procedures provide researchers with objective and systematic methods
for describing and interpreting their research results. Scientific research is the system that we
use to gather information, and statistics are the tools that we use to distill the information into
sensible and justified conclusions. The goal of this book is not only to teach the methods of
statistics, but also to convey the basic principles of objectivity and logic that are essential for
science and valuable for decision making in everyday life.Those of you who are familiar with
previous editions of Statistics for the Behavioral Sciences will notice that some changes have
been made. These changes are summarized in the section entitled “To the Instructor.” In revising
this text, our students have been foremost in our minds. Over the years, they have provided
honest and useful feedback. Their hard work and perseverance has made our writing and
teaching most rewarding. We sincerely thank them. Students who are using this edition should
please read the section of the preface entitled “To the Student.”The book chapters are organized
in the sequence that we use for our own statistics courses. We begin with descriptive statistics,
and then examine a variety of statistical procedures focused on sample means and variance
before moving on to correlational methods and nonparametric statistics. Information about
modifying this sequence is presented in the To The Instructor section for individuals who prefer a
different organization. Each chapter contains numerous examples, many based on actual
research studies, learning checks, a summary and list of key terms, and a set of 20–30
problems.AncillariesAncillaries for this edition include the following.■ ■ MindTap® Psychology:
MindTap® Psychology for Gravetter/Wallnau’s Statistics for The Behavioral Sciences, 10th
Edition is the digital learning solution that helps instructors engage and transform today’s
students into critical thinkers. Through paths of dynamic assignments and applications that you
can personalize, real-time course analytics, and an accessible reader, MindTap helps you turn



cookie cutter into cutting edge, apathy into engagement, and memorizers into higher-level
thinkers.As an instructor using MindTap you have at your fingertips the right content and unique
set of tools curated specifically for your course, such as video tutorials that walk students
through various concepts and interactive problem tutorials that provide students opportunities to
practice what they have learned, all in an interface designed to improve workflow and save time
when planning lessons and course structure. The control to build and personalize your course is
all yours, focusing on the most relevantxiiimaterial while also lowering costs for your students.
Stay connected and informed in your course through real time student tracking that provides the
opportunity to adjust the course as needed based on analytics of interactivity in the course.■ ■
Online Instructor’s Manual: The manual includes learning objectives, key terms, a detailed
chapter outline, a chapter summary, lesson plans, discussion topics, student activities, “What If”
scenarios, media tools, a sample syllabus and an expanded test bank. The learning objectives
are correlated with the discussion topics, student activities, and media tools.■ ■ Online
PowerPoints: Helping you make your lectures more engaging while effectively reaching your
visually oriented students, these handy Microsoft PowerPoint® slides outline the chapters of the
main text in a classroom-ready presentation. The PowerPoint® slides are updated to reflect the
content and organization of the new edition of the text.■ ■ Cengage Learning Testing, powered
by Cognero®: Cengage Learning Testing, Powered by Cognero®, is a flexible online system
that allows you to author, edit, and manage test bank content. You can create multiple test
versions in an instant and deliver tests from your LMS in your classroom.AcknowledgmentsIt
takes a lot of good, hard-working people to produce a book. Our friends at Cengage have made
enormous contributions to this textbook. We thank: Jon-David Hague, Product Director; Timothy
Matray, Product Team Director; Jasmin Tokatlian, Content Development Manager; Kimiya Hojjat,
Product Assistant; and Vernon Boes, Art Director. Special thanks go to Stefanie Chase, our
Content Developer and to Lynn Lustberg who led us through production at MPS.Reviewers play
a very important role in the development of a manuscript. Accordingly, we offer our appreciation
to the following colleagues for their assistance: Patricia Case, University of Toledo; Kevin David,
Northeastern State University; Adia Garrett, University of Maryland, Baltimore County; Carrie E.
Hall, Miami University; Deletha Hardin, University of Tampa; Angela Heads, Prairie View A&M
University; Roberto Heredia, Texas A&M International University; Alisha Janowski, University of
Central Florida; Matthew Mulvaney, The College at Brockport (SUNY); Nicholas Von Glahn,
California State Polytechnic University, Pomona; and Ronald Yockey, Fresno State University.To
the InstructorThose of you familiar with the previous edition of Statistics for the Behavioral
Sciences will notice a number of changes in the 10th edition. Throughout this book, research
examples have been updated, real world examples have been added, and the end-of-chapter
problems have been extensively revised. Major revisions for this edition include the following:1.
Each section of every chapter begins with a list of Learning Objectives for that specific section.2.
Each section ends with a Learning Check consisting of multiple-choice questions with at least
one question for each Learning Objective.PREFACE xv3. The former Chapter 19, Choosing the



Right Statistics, has been eliminated and an abridged version is now an Appendix replacing the
Statistics Organizer, which appeared in earlier editions.Other examples of specific and
noteworthy revisions include the following.Chapter 1 The section on data structures and
research methods parallels the new Appendix, Choosing the Right Statistics.Chapter 2 The
chapter opens with a new Preview to introduce the concept and purpose of frequency
distributions.Chapter 3 Minor editing clarifies and simplifies the discussion the median.Chapter
4 The chapter opens with a new Preview to introduce the topic of Central Tendency. The
sections on standard deviation and variance have been edited to increase emphasis on
concepts rather than calculations.Chapter 5 The section discussion relationships between z, X,
μ, and σ has been expanded and includes a new demonstration example.Chapter 6 The chapter
opens with a new Preview to introduce the topic of Probability. The section, Looking Ahead to
Inferential Statistics, has been substantially shortened and simplified.Chapter 7 The former Box
explaining difference between standard deviation and standard error was deleted and the
content incorporated into Section 7.4 with editing to emphasize that the standard error is the
primary new element introduced in the chapter. The final section, Looking Ahead to Inferential
Statistics, was simplified and shortened to be consistent with the changes in Chapter 6.Chapter
8 A redundant example was deleted which shortened and streamlined the remaining material so
that most of the chapter is focused on the same research example.Chapter 9 The chapter opens
with a new Preview to introduce the t statistic and explain why a new test statistic is needed. The
section introducing Confidence Intervals was edited to clarify the origin of the confidence
interval equation and to emphasize that the interval is constructed at the sample mean.Chapter
10 The chapter opens with a new Preview introducing the independent-measures t statistic. The
section presenting the estimated standard error of (M1 – M2) has been simplified and
shortened.Chapter 11 The chapter opens with a new Preview introducing the repeated-
measures t statistic. The section discussing hypothesis testing has been separated from the
section on effect size and confidence intervals to be consistent with the other two chapters on t
tests. The section comparing independent- and repeated-measures designs has been
expanded.Chapter 12 The chapter opens with a new Preview introducing ANOVA and
explaining why a new hypothesis testing procedure is necessary. Sections in the chapter have
been reorganized to allow flow directly from hypothesis tests and effect size to post tests.
Chapter 13 Substantially expanded the section discussing factors that influence the outcome of
a repeated-measures hypothesis test and associated measures of effect size.Chapter 14 The
chapter opens with a new Preview presenting a two-factor research example and introducing the
associated ANOVA. Sections have been reorganized so that simple main effects and the idea of
using a second factor to reduce variance from individual differences are now presented as extra
material related to the two-factor ANOVA.Chapter 15 The chapter opens with a new Preview
presenting a correlational research study and the concept of a correlation. A new section
introduces the t statistic for evaluating the significance of a correlation and the section on partial
correlations has been simplified and shortened.Chapter 16 The chapter opens with a new



Preview introducing the concept of regression and its purpose. A new section demonstrates the
equivalence of testing the significance of a correlation and testing the significance of a
regression equation with one predictor variable. The section on residuals for the multiple-
regression equation has been edited to simplify and shorten.Chapter 17 A new chapter Preview
presents an experimental study with data consisting of frequencies, which are not compatible
with computing means and variances. Chi-square tests are introduced as a solution to this
problem. A new section introduces Cohen’s w as a means of measuring effect size for both chi-
square tests.Chapter 18 Substantial editing clarifies the section explaining how the real limits for
each score can influence the conclusion from a binomial test.The former Chapter 19 covering
the task of matching statistical methods to specific types of data has been substantially
shortened and converted into an Appendix.■ Matching the Text to Your SyllabusThe book
chapters are organized in the sequence that we use for our own statistics courses. However,
different instructors may prefer different organizations and probably will choose to omit or
deemphasize specific topics. We have tried to make separate chapters, and even sections of
chapters, completely self-contained, so they can be deleted or reorganized to fit the syllabus for
nearly any instructor. Some common examples are as follows.■ ■ It is common for instructors to
choose between emphasizing analysis of variance (Chapters 12, 13, and 14) or emphasizing
correlation/regression (Chapters 15 and 16). It is rare for a one-semester course to complete
coverage of both topics.■ ■ Although we choose to complete all the hypothesis tests for means
and mean differences before introducing correlation (Chapter 15), many instructors prefer to
place correlation much earlier in the sequence of course topics. To accommodate this, Sections
15.1, 15.2, and 15.3 present the calculation and interpretation of the Pearson correlation and
can be introduced immediately following Chapter 4 (variability). Other sections of Chapter 15
refer to hypothesis testing and should be delayed until the process of hypothesis testing
(Chapter 8) has been introduced.■ ■ It is also possible for instructors to present the chi-square
tests (Chapter 17) much earlier in the sequence of course topics. Chapter 17, which presents
hypothesis tests for proportions, can be presented immediately after Chapter 8, which
introduces the process of hypothesis testing. If this is done, we also recommend that the
Pearson correlation (Sections 15.1, 15.2, and 15.3) be presented early to provide a foundation
for the chi-square test for independence.PREFACE xviiTo the StudentA primary goal of this book
is to make the task of learning statistics as easy and painless as possible. Among other things,
you will notice that the book provides you with a number of opportunities to practice the
techniques you will be learning in the form of Learning Checks, Examples, Demonstrations, and
end-of-chapter problems. We encourage you to take advantage of these opportunities. Read the
text rather than just memorizing the formulas. We have taken care to present each statistical
procedure in a conceptual context that explains why the procedure was developed and when it
should be used. If you read this material and gain an understanding of the basic concepts
underlying a statistical formula, you will find that learning the formula and how to use it will be
much easier. In the “Study Hints,” that follow, we provide advice that we give our own students.



Ask your instructor for advice as well; we are sure that other instructors will have ideas of their
own.Over the years, the students in our classes and other students using our book have given
us valuable feedback. If you have any suggestions or comments about this book, you can write
to either Professor Emeritus Frederick Gravetter or Professor Emeritus Larry Wallnau at the
Department of Psychology, SUNY College at Brockport, 350 New Campus Drive, Brockport,
New York 14420. You can also contact Professor Emeritus Gravetter directly at
fgravett@brockport.edu.■ ■ Study HintsYou may find some of these tips helpful, as our own
students have reported.■ ■ The key to success in a statistics course is to keep up with the
material. Each new topic builds on previous topics. If you have learned the previous material,
then the new topic is just one small step forward. Without the proper background, however, the
new topic can be a complete mystery. If you find that you are falling behind, get help
immediately.■ ■ You will learn (and remember) much more if you study for short periods several
times per week rather than try to condense all of your studying into one long session. For
example, it is far more effective to study half an hour every night than to have a single 3½-hour
study session once a week. We cannot even work on writing this book without frequent rest
breaks.■ ■ Do some work before class. Keep a little ahead of the instructor by reading the
appropriate sections before they are presented in class. Although you may not fully understand
what you read, you will have a general idea of the topic, which will make the lecture easier to
follow. Also, you can identify material that is particularly confusing and then be sure the topic is
clarified in class.■ ■ Pay attention and think during class. Although this advice seems obvious,
often it is not practiced. Many students spend so much time trying to write down every example
presented or every word spoken by the instructor that they do not actually understand and
process what is being said. Check with your instructor—there may not be a need to copy every
example presented in class, especially if there are many examples like it in the text. Sometimes,
we tell our students to put their pens and pencils down for a moment and just listen.■ ■ Test
yourself regularly. Do not wait until the end of the chapter or the end of the week to check your
knowledge. After each lecture, work some of the end-of-chapter problems and do the Learning
Checks. Review the Demonstration Problems, and be sure you can define the Key Terms. If you
are having trouble, get your questions answered immediately—reread the section, go to your
instructor, or ask questions in class. By doing so, you will be able to move ahead to new
material.xviii PREFACE■ ■ Do not kid yourself! Avoid denial. Many students observe their
instructor solve problems in class and think to themselves, “This looks easy, I understand it.” Do
you really understand it? Can you really do the problem on your own without having to leaf
through the pages of a chapter? Although there is nothing wrong with using examples in the text
as models for solving problems, you should try working a problem with your book closed to test
your level of mastery.■ ■ We realize that many students are embarrassed to ask for help. It is
our biggest challenge as instructors. You must find a way to overcome this aversion. Perhaps
contacting the instructor directly would be a good starting point, if asking questions in class is
too anxiety-provoking. You could be pleasantly surprised to find that your instructor does not yell,



scold, or bite! Also, your instructor might know of another student who can offer assistance. Peer
tutoring can be very helpful.Frederick J Gravetter Larry B. WallnauABoUt tHE
AUtHoRSFrederick J Gravetter is Professor Emeritus of Psychology at the State University of
New York College at Brockport. While teaching at Brockport, Dr. Gravetter specialized in
statistics, experimental design, and cognitive psychology. He received his bachelor’s degree in
mathematics from M.I.T. and his Ph.D in psychology from Duke University. In addition to
publishing this textbook and several research articles, Dr. Gravetter co-authored Research
Methods for the Behavioral Science and Essentials of Statistics for the Behavioral
Sciences.Larry B. WaLLnau is Professor Emeritus of Psychology at the State University of New
York College at Brockport. While teaching at Brockport, he published numerous research
articles in biopsychology. With Dr. Gravetter, he co-authored Essentials of Statistics for the
Behavioral Sciences. Dr. Wallnau also has provided editorial consulting for numerous publishers
and journals. He has taken up running and has competed in 5K races in New York and
Connecticut. He takes great pleasure in adopting neglected and rescued dogs.xix
CHAPTERIntroduction to Statistics 1© Deborah BattPREVIEW1.1 Statistics, Science, and
Observations1.2 Data Structures, Research Methods, and Statistics1.3 Variables and
Measurement1.4 Statistical NotationSummaryFocus on Problem SolvingDemonstration
1.1ProblemsP RE VI E WBefore we begin our discussion of statistics, we ask you to read the
following paragraph taken from the philosophy of Wrong Shui (Candappa, 2000).The Journey to
EnlightenmentIn Wrong Shui, life is seen as a cosmic journey, a struggle to overcome unseen
and unexpected obstacles at the end of which the traveler will find illumination and
enlightenment. Replicate this quest in your home by moving light switches away from doors and
over to the far side of each room.*Why did we begin a statistics book with a bit of twisted
philosophy? In part, we simply wanted to lighten the mood with a bit of humor—starting a
statistics course is typically not viewed as one of life’s joyous moments. In addition, the
paragraph is an excellent counterexample for the purpose of this book. Specifically, our goal is to
do everything possible to prevent you from stumbling around in the dark by providing lots of help
and illumination as you journey through the world of statistics. To accomplish this, we begin each
section of the book with clearly stated learning objectives and end each section with a brief quiz
to test your mastery of the new material. We also introduce each new statistical procedure by
explaining the purpose it is intended to serve. If you understand why a new procedure is needed,
you will find it much easier to learn.The objectives for this first chapter are to provide an
introduction to the topic of statistics and to give you some background for the rest of the book.
We discuss the role of statistics within the general field of scientific inquiry, and we introduce
some of the vocabulary and notation that are necessary for the statistical methods that follow.As
you read through the following chapters, keep in mind that the general topic of statistics follows a
well-organized, logically developed progression that leads from basic concepts and definitions
to increasingly sophisticated techniques. Thus, each new topic serves as a foundation for the
material that follows. The content of the first nine chapters, for example, provides an essential



background and context for the statistical methods presented in Chapter 10. If you turn directly
to Chapter 10 without reading the first nine chapters, you will find the material confusing and
incomprehensible. However, if you learn and use the background material, you will have a good
frame of reference for understanding and incorporating new concepts as they are
presented.*Candappa, R. (2000). The little book of wrong shui. Kansas City: Andrews McMeel
Publishing. Reprinted by permission.1.1 Statistics, Science, and ObservationsLEARNING
OBJECTIVEs 1. Define the terms population, sample, parameter, and statistic, and describe the
relationships between them.2. Define descriptive and inferential statistics and describe how
these two general categories of statistics are used in a typical research study. 3. Describe the
concept of sampling error and explain how this concept creates the fundamental problem that
inferential statistics must address.■ Definitions of StatisticsBy one definition, statistics consist of
facts and figures such as the average annual snowfall in Denver or Derrick Jeter’s lifetime batting
average. These statistics are usually informative and time-saving because they condense large
quantities of information into a few simple figures. Later in this chapter we return to the notion of
calculating statistics (facts and figures) but, for now, we concentrate on a much broader
definition of statistics. Specifically, we use the term statistics to refer to a general field of
mathematics. In this case, we are using the term statistics as a shortened version of statistical
procedures. For example, you are probably using this book for a statistics course in which you
will learn about the statistical techniques that are used to summarize and evaluate research
results in the behavioral sciences. Research in the behavioral sciences (and other fields)
involves gathering information.To determine, for example, whether college students learn better
by reading material on printed pages or on a computer screen, you would need to gather
information about students’ study habits and their academic performance. When researchers
finish the task of gathering information, they typically find themselves with pages and pages of
measurements such as preferences, personality scores, opinions, and so on. In this book, we
present the statistics that researchers use to analyze and interpret the information that they
gather. Specifically, statistics serve two general purposes:1. Statistics are used to organize and
summarize the information so that the researcher can see what happened in the research study
and can communicate the results to others.2. Statistics help the researcher to answer the
questions that initiated the research by determining exactly what general conclusions are
justified based on the specific results that were obtained.DEFInItIon The term statistics refers to
a set of mathematical procedures for organizing, summarizing, and interpreting
information.Statistical procedures help ensure that the information or observations are
presented and interpreted in an accurate and informative way. In somewhat grandiose terms,
statistics help researchers bring order out of chaos. In addition, statistics provide researchers
with a set of standardized techniques that are recognized and understood throughout the
scientific community. Thus, the statistical methods used by one researcher will be familiar to
other researchers, who can accurately interpret the statistical analyses with a full understanding
of how the analysis was done and what the results signify.■■ Populations and



SamplesResearch in the behavioral sciences typically begins with a general question about a
specific group (or groups) of individuals. For example, a researcher may want to know what
factors are associated with academic dishonesty among college students. Or a researcher may
want to examine the amount of time spent in the bathroom for men compared to women. In the
first example, the researcher is interested in the group of college students. In the second
example, the researcher wants to compare the group of men with the group of women. In
statistical terminology, the entire group that a researcher wishes to study is called a
population.DEFInItIon A population is the set of all the individuals of interest in a particular
study.As you can well imagine, a population can be quite large—for example, the entire set of
women on the planet Earth. A researcher might be more specific, limiting the population for
study to women who are registered voters in the United States. Perhaps the investigator would
like to study the population consisting of women who are heads of state. Populations can
obviously vary in size from extremely large to very small, depending on how the investigator
defines the population. The population being studied should always be identified by the
researcher. In addition, the population need not consist of people—it could be a population of
rats, corporations, parts produced in a factory, or anything else an investigator wants to study. In
practice, populations are typically very large, such as the population of college sophomores in
the United States or the population of small businesses.Because populations tend to be very
large, it usually is impossible for a researcher to examine every individual in the population of
interest. Therefore, researchers typically select a smaller, more manageable group from the
population and limit their studies to the individuals in the selected group. In statistical terms, a
set of individuals selected from a population is called a sample. A sample is intended to be
representative of its population, and a sample should always be identified in terms of the
population from which it was selected.DEFInItIonDEFInItIon A variable is a characteristic or
condition that changes or has different values for different individuals.THE POPULATIONAll of
the individuals of interestThe resultsfrom the sample are generalizedto the population The
sample is selected from the populationFIGURE 1.1A sample is a set of individuals selected from
a population, usually intended to represent the population in a research study.Just as we saw
with populations, samples can vary in size. For example, one study might examine a sample of
only 10 students in a graduate program and another study might use a sample of more than
10,000 people who take a specific cholesterol medication.So far we have talked about a sample
being selected from a population. However, this is actually only half of the full relationship
between a sample and its population. Specifically, when a researcher finishes examining the
sample, the goal is to generalize the results back to the entire population. Remember that the
research started with a general question about the population. To answer the question, a
researcher studies a sample and then generalizes the results from the sample to the population.
The full relationship between a sample and a population is shown in Figure 1.1.■■ Variables
and DataTypically, researchers are interested in specific characteristics of the individuals in the
population (or in the sample), or they are interested in outside factors that may influence the



individuals. For example, a researcher may be interested in the influence of the weather on
people’s moods. As the weather changes, do people’s moods also change? Something that can
change or have different values is called a variable.THE SAMPLE The relationship between a
The individuals selected to population and a sample. participate in the research studyOnce
again, variables can be characteristics that differ from one individual to another, such as height,
weight, gender, or personality. Also, variables can be environmental conditions that change such
as temperature, time of day, or the size of the room in which the research is being conducted.To
demonstrate changes in variables, it is necessary to make measurements of the variables being
examined. The measurement obtained for each individual is called a datum, or more commonly,
a score or raw score. The complete set of scores is called the data set or simply the
data.DEFInItIon Data (plural) are measurements or observations. A data set is a collection of
measurements or observations. A datum (singular) is a single measurement or observation and
is commonly called a score or raw score.Before we move on, we should make one more point
about samples, populations, and data. Earlier, we defined populations and samples in terms of
individuals. For example, we discussed a population of graduate students and a sample of
cholesterol patients. Be forewarned, however, that we will also refer to populations or samples of
scores. Because research typically involves measuring each individual to obtain a score, every
sample (or population) of individuals produces a corresponding sample (or population) of
scores.■■ Parameters and StatisticsWhen describing data it is necessary to distinguish
whether the data come from a population or a sample. A characteristic that describes a
population—for example, the average score for the population—is called a parameter. A
characteristic that describes a sample is called a statistic. Thus, the average score for a sample
is an example of a statistic. Typically, the research process begins with a question about a
population parameter. However, the actual data come from a sample and are used to compute
sample statistics.DEFInItIon A parameter is a value, usually a numerical value, that describes a
population. A parameter is usually derived from measurements of the individuals in the
population. A statistic is a value, usually a numerical value, that describes a sample. A statistic is
usually derived from measurements of the individuals in the sample.Every population parameter
has a corresponding sample statistic, and most research studies involve using statistics from
samples as the basis for answering questions about population parameters. As a result, much of
this book is concerned with the relationship between sample statistics and the corresponding
population parameters. In Chapter 7, for example, we examine the relationship between the
mean obtained for a sample and the mean for the population from which the sample was
obtained.■■ Descriptive and Inferential Statistical MethodsAlthough researchers have
developed a variety of different statistical procedures to organize and interpret data, these
different procedures can be classified into two general categories. The first category, descriptive
statistics, consists of statistical procedures that are used to simplify and summarize
data.DEFInItIon Descriptive statistics are statistical procedures used to summarize, organize,
and simplify data.Descriptive statistics are techniques that take raw scores and organize or



summarize them in a form that is more manageable. Often the scores are organized in a table or
a graph so that it is possible to see the entire set of scores. Another common technique is to
summarize a set of scores by computing an average. Note that even if the data set has hundreds
of scores, the average provides a single descriptive value for the entire set.The second general
category of statistical techniques is called inferential statistics. Inferential statistics are methods
that use sample data to make general statements about a population.DEFInItIon Inferential
statistics consist of techniques that allow us to study samples and then make generalizations
about the populations from which they were selected.Because populations are typically very
large, it usually is not possible to measure everyone in the population. Therefore, a sample is
selected to represent the population. By analyzing the results from the sample, we hope to make
general statements about the population. Typically, researchers use sample statistics as the
basis for drawing conclusions about population parameters. One problem with using samples,
however, is that a sample provides only limited information about the population. Although
samples are generally representative of their populations, a sample is not expected to give a
perfectly accurate picture of the whole population. There usually is some discrepancy between a
sample statistic and the corresponding population parameter. This discrepancy is called
sampling error, and it creates the fundamental problem inferential statistics must always
address.DEFInItIon Sampling error is the naturally occurring discrepancy, or error, that exists
between a sample statistic and the corresponding population parameter.The concept of
sampling error is illustrated in Figure 1.2. The figure shows a population of 1,000 college
students and 2 samples, each with 5 students who were selected from the population. Notice
that each sample contains different individuals who have different characteristics. Because the
characteristics of each sample depend on the specific people in the sample, statistics will vary
from one sample to another. For example, the five students in sample 1 have an average age of
19.8 years and the students in sample 2 have an average age of 20.4 years.It is also very
unlikely that the statistics obtained for a sample will be identical to the parameters for the entire
population. In Figure 1.2, for example, neither sample has statistics that are exactly the same as
the population parameters. You should also realize that Figure 1.2 shows only two of the
hundreds of possible samples. Each sample would contain different individuals and would
produce different statistics. This is the basic concept of sampling error: sample statistics vary
from one sample to another and typically are different from the corresponding population
parameters.One common example of sampling error is the error associated with a sample
proportion. For example, in newspaper articles reporting results from political polls, you
frequently find statements such as this:Candidate Brown leads the poll with 51% of the vote.
Candidate Jones has 42% approval, and the remaining 7% are undecided. This poll was taken
from a sample of registered voters and has a margin of error of plus-or-minus 4 percentage
points.The “margin of error” is the sampling error. In this case, the percentages that are reported
were obtained from a sample and are being generalized to the whole population. As always, you
do not expect the statistics from a sample to be perfect. There always will be some “margin of



error” when sample statistics are used to represent population parameters.FIGURE 1.2A
demonstration of sampling error. Two samples are selected from the same population. Notice
that the sample statistics are different from one sample to another and all the sample statistics
are different from the corresponding population parameters. The natural differences that exist,
by chance, between a sample statistic and population parameter are called sampling
error.Populationof 1000 college studentsPopulation Parameters Average Age 5 21.3 years
Average IQ 5 112.5 65% Female, 35% MaleSample #1 Sample #2EricJessica Laura Karen
Brian TomKristen SaraAndrew JohnSample Statistics Average Age 5 19.8Average IQ 5
104.660% Female, 40% Male Sample Statistics Average Age 5 20.4 Average IQ 5 114.2 40%
Female, 60% MaleAs a further demonstration of sampling error, imagine that your statistics
class is separated into two groups by drawing a line from front to back through the middle of the
room. Now imagine that you compute the average age (or height, or IQ) for each group. Will the
two groups have exactly the same average? Almost certainly they will not. No matter what you
chose to measure, you will probably find some difference between the two groups. However, the
difference you obtain does not necessarily mean that there is a systematic difference between
the two groups. For example, if the average age for students on the right-hand side of the room
is higher than the average for students on the left, it is unlikely that some mysterious force has
caused the older people to gravitate to the right side of the room. Instead, the difference is
probably the result of random factors such as chance. The unpredictable, unsystematic
differences that exist from one sample to another are an example of sampling error.■ Statistics
in the Context of ResearchThe following example shows the general stages of a research study
and demonstrates how descriptive statistics and inferential statistics are used to organize and
interpret the data. At the end of the example, note how sampling error can affect the
interpretation of experimental results, and consider why inferential statistical methods are
needed to deal with this problem.ExamplE 1.1Figure 1.3 shows an overview of a general
research situation and demonstrates the roles that descriptive and inferential statistics play. The
purpose of the research study is to address a question that we posed earlier: Do college
students learn better by studying text on printed pages or on a computer screen? Two samples
are selected from the population of college students. The students in sample A are given printed
pages of text to study for 30 minutes and the students in sample B study the same text on a
computer screen. Next, all of the students are given a multiple-choice test to evaluate their
knowledge of the material. At this point, the researcher has two sets of data: the scores for
sample A and the scores for sample B (see the figure). Now is the time to begin using
statistics.First, descriptive statistics are used to simplify the pages of data. For example, the
researcher could draw a graph showing the scores for each sample or compute the average
score for each sample. Note that descriptive methods provide a simplified, organizedStep
1Experiment:Compare twostudying methodsPopulation of CollegeStudentsDataTest scores for
the students in each sampleSample A Sample B Read from printedpagesRead from computer
screen25 26 2827 21 2730 28 2419 23 2629 26 2220 22 27 23 17 23 25 28 21 22 19 22 18 24



19Step 2Descriptive statistics: Organize and simplify20 25 30 20 25 30Average Score = 26
Average Score = 22Step 3Inferential statistics: Interpret resultsFigurE 1.3The role of statistics in
experimental research.The sample data show a 4-point difference between the two methods of
studying. However, there are two ways to interpret the results.1. There actually is no difference
betweenthe two studying methods, and the sample difference is due to chance (sampling
error).2. There really is a difference betweenthe two methods, and the sample data accurately
reflect this difference.The goal of inferential statistics is to help researchers decide between the
two interpretations.description of the scores. In this example, the students who studied printed
pages had an average score of 26 on the test, and the students who studied text on the
computer averaged 22.Once the researcher has described the results, the next step is to
interpret the outcome. This is the role of inferential statistics. In this example, the researcher has
found a difference of 4 points between the two samples (sample A averaged 26 and sample B
averaged 22). The problem for inferential statistics is to differentiate between the following two
interpretations:1. There is no real difference between the printed page and a computer screen,
and the 4-point difference between the samples is just an example of sampling error (like the
samples in Figure 1.2).2. There really is a difference between the printed page and a computer
screen, and the 4-point difference between the samples was caused by the different methods
of studying.In simple English, does the 4-point difference between samples provide convincing
evidence of a difference between the two studying methods, or is the 4-point difference just
chance? The purpose of inferential statistics is to answer this question. ■lEarning ChECk 1. A
researcher is interested in the sleeping habits of American college students. A group of 50
students is interviewed and the researcher finds that these students sleep an average of 6.7
hours per day. For this study, the average of 6.7 hours is an example of a(n) .a. parameterb.
statisticc. populationd. sample2. A researcher is curious about the average IQ of registered
voters in the state of Florida. The entire group of registered voters in the state is an example of
a . a. sampleb. statisticc. populationd. parameter3. Statistical techniques that summarize,
organize, and simplify data are classified as.a. population statisticsb. sample statisticsc.
descriptive statisticsd. inferential statistics4. In general, statistical techniques are used to
summarize the data from a research study andstatistical techniques are used to determine what
conclusions are justified by the results.a. inferential, descriptiveb. descriptive, inferentialc.
sample, populationd. population, sample5. IQ tests are standardized so that the average score is
100 for the entire group ofpeople who take the test each year. However, if you selected a group
of 20 people who took the test and computed their average IQ score you probably would not get
100. What statistical concept explains the difference between your mean and the mean for the
entire group?a. statistical errorb. inferential errorc. descriptive errord. sampling erroranswErs 1.
B, 2. C, 3. C, 4. B, 5. D1.2 Data Structures, Research Methods, and StatisticsLEARNING
OBJECTIVEs 4. Differentiate correlational, experimental, and nonexperimental research and
describe the data structures associated with each.5. Define independent, dependent, and quasi-
independent variables and recognize examples of each.■ Individual Variables: Descriptive



ResearchSome research studies are conducted simply to describe individual variables as they
exist naturally. For example, a college official may conduct a survey to describe the eating,
sleeping, and study habits of a group of college students. When the results consist of numerical
scores, such as the number of hours spent studying each day, they are typically described by
the statistical techniques that are presented in Chapters 3 and 4. Non-numerical scores are
typically described by computing the proportion or percentage in each category. For example, a
recent newspaper article reported that 34.9% of Americans are obese, which is roughly 35
pounds over a healthy weight.■ Relationships Between VariablesMost research, however, is
intended to examine relationships between two or more variables. For example, is there a
relationship between the amount of violence in the video games played by children and the
amount of aggressive behavior they display? Is there a relationship between the quality of
breakfast and academic performance for elementary school children? Is there a relationship
between the number of hours of sleep and grade point average for college students? To
establish the existence of a relationship, researchers must make observations—that is,
measurements of the two variables. The resulting measurements can be classified into two
distinct data structures that also help to classify different research methods and different
statistical techniques. In the following section we identify and discuss these two data structures.I.
One Group with Two Variables Measured for Each Individual: The Correlational Method One
method for examining the relationship between variables is to observe the two variables as they
exist naturally for a set of individuals. That is, simply measure the two variables for each
individual. For example, research has demonstrated a relationship between sleep habits,
especially wake-up time, and academic performance for college students (Trockel, Barnes, and
Egget, 2000). The researchers used a survey to measure wake-up time and school records to
measure academic performance for each student. Figure 1.4 shows an example of the kind of
data obtained in the study. The researchers then look for consistent patterns in the data to
provide evidence for a relationship between variables. For example, as wake-up time changes
from one student to another, is there also a tendency for academic performance to change?
Consistent patterns in the data are often easier to see if the scores are presented in a graph.
Figure 1.4 also shows the scores for the eight students in a graph called a scatter plot. In the
scatter plot, each individual is represented by a point so that the horizontal position corresponds
to the student’s wake-up time and the vertical position corresponds to the student’s academic
performance score. The scatter plot shows a clear relationship between wake-up time and
academic performance: as wake-up time increases, academic performance decreases.A
research study that simply measures two different variables for each individual and produces the
kind of data shown in Figure 1.4 is an example of the correlational method, or the correlational
research strategy.DEFInItIon In the correlational method, two different variables are observed to
determine whether there is a relationship between them.■■ Statistics for the Correlational
MethodWhen the data from a correlational study consist of numerical scores, the relationship
between the two variables is usually measured and described using a statistic called a



correlation. Correlations and the correlational method are discussed in detail in Chapters 15 and
16. Occasionally, the measurement process used for a correlational study simply classifies
individuals into categories that do not correspond to numerical values. For example, a
researcher could classify a group of college students by gender (male(a) Wake-up Academic(b)
3.8Student Time Performance3.63.4A 11 2.43.2B 9 3.6 3.0C 9 3.2D 12 2.2 2.8E 7 3.82.6F 10
2.22.4G 10 3.0 2.2H 8 3.02.07 8 9 10 11 12Wake-up time FigurE 1.4One of two data structures
for evaluating the relationship between variables. Note that there are two separate
measurements for each individual (wake-up time and academic performance). The same scores
are shown in a table (a) and in a graph (b).or female) and by cell-phone preference (talk or text).
Note that the researcher has two scores for each individual but neither of the scores is a
numerical value. This type of data is typically summarized in a table showing how many
individuals are classified into each of the possible categories. Table 1.1 shows an example of
this kind of summary table. The table shows for example, that 30 of the males in the sample
preferred texting to talking. This type of data can be coded with numbers (for example, male = 0
and female = 1) so that it is possible to compute a correlation. However, the relationship
between variables for non-numerical data, such as the data in Table 1.1, is usually evaluated
using a statistical technique known as a chi-square test. Chi-square tests are presented in
Chapter 17.TablE 1.1 Correlational data consisting of non-numerical scores. Note that there are
two measurements for each individual: gender and cell phone preference. The numbers indicate
how many people are in each category. For example, out of the 50 males, 30 prefer text over
talk.Cell Phone PreferenceText TalkMales 30 20 50Females 25 25 50■ Limitations of the
Correlational MethodThe results from a correlational study can demonstrate the existence of a
relationship between two variables, but they do not provide an explanation for the relationship. In
particular, a correlational study cannot demonstrate a cause-and-effect relationship. For
example, the data in Figure 1.4 show a systematic relationship between wake-up time and
academic performance for a group of college students; those who sleep late tend to have lower
performance scores than those who wake early. However, there are many possible explanations
for the relationship and we do not know exactly what factor (or factors) is responsible for late
sleepers having lower grades. In particular, we cannot conclude that waking students up earlier
would cause their academic performance to improve, or that studying more would cause
students to wake up earlier. To demonstrate a cause-and-effect relationship between two
variables, researchers must use the experimental method, which is discussed next.II.
Comparing Two (or More) Groups of Scores: Experimental and Nonexperimental Methods The
second method for examining the relationship between two variables involves the comparison of
two or more groups of scores. In this situation, the relationship between variables is examined by
using one of the variables to define the groups, and then measuring the second variable to
obtain scores for each group. For example, Polman, de Castro, and van Aken (2008) randomly
divided a sample of 10-year-old boys into two groups. One group then played a violent video
game and the second played a nonviolent game. After the game-playing session, the children



went to a free play period and were monitored for aggressive behaviors (hitting, kicking,
pushing, frightening, name calling, fighting, quarreling, or teasing another child). An example of
the resulting data is shown in Figure 1.5. The researchers then compare the scores for the
violent-video group with the scores for the nonviolent-video group. A systematic difference
between the two groups provides evidence for a relationship between playing violent video
games and aggressive behavior for 10-year-old boys.FigurE 1.5Evaluating the relationship
betweenvariables by comparing groups of scores. Note that the values of one variable are used
to define the groups and the second variable is measured to obtain scores within each
group.One variable (type of video game) is used to define groups Violent NonviolentA second
variable (aggressive behavior) is measured to obtain scores within each group 7 8 8 410 87 39
68 56 310 49 46 5Compare groups of scores■ Statistics for Comparing Two (or More) Groups
of ScoresMost of the statistical procedures presented in this book are designed for research
studies that compare groups of scores like the study in Figure 1.5. Specifically, we examine
descriptive statistics that summarize and describe the scores in each group and we use
inferential statistics to determine whether the differences between the groups can be
generalized to the entire population.When the measurement procedure produces numerical
scores, the statistical evaluation typically involves computing the average score for each group
and then comparing the averages. The process of computing averages is presented in Chapter
3, and a variety of statistical techniques for comparing averages are presented in Chapters 8–
14. If the measurement process simply classifies individuals into non-numerical categories, the
statistical evaluation usually consists of computing proportions for each group and then
comparing proportions. Previously, in Table 1.1, we presented an example of non-numerical data
examining the relationship between gender and cell-phone preference. The same data can be
used to compare the proportions for males with the proportions for females. For example, using
text is preferred by 60% of the males compared to 50% of the females. As before, these data are
evaluated using a chi-square test, which is presented in Chapter 17.■ Experimental and
Nonexperimental MethodsThere are two distinct research methods that both produce groups of
scores to be compared: the experimental and the nonexperimental strategies. These two
research methods use exactly the same statistics and they both demonstrate a relationship
between two variables. The distinction between the two research strategies is how the
relationship is interpreted. The results from an experiment allow a cause-and-effect explanation.
For example, we can conclude that changes in one variable are responsible for causing
differences in a second variable. A nonexperimental study does not permit a cause-and effect
explanation. We can say that changes in one variable are accompanied by changes in a second
variable, but we cannot say why. Each of the two research methods is discussed in the following
sections.■ The Experimental MethodOne specific research method that involves comparing
groups of scores is known as the experimental method or the experimental research strategy.
The goal of an experimental study is to demonstrate a cause-and-effect relationship between
two variables. Specifically,In more complex experiments, a researcher may



systematicallymanipulate more than one variable and may observe more than one variable. Here
we are considering the simplest case, in which only one variable is manipulated and only one
variable is observed.an experiment attempts to show that changing the value of one variable
causes changes to occur in the second variable. To accomplish this goal, the experimental
method has two characteristics that differentiate experiments from other types of research
studies:1. Manipulation The researcher manipulates one variable by changing its value from one
level to another. In the Polman et al. (2008) experiment examining the effect of violence in video
games (Figure 1.5), the researchers manipulate the amount of violence by giving one group of
boys a violent game to play and giving the other group a nonviolent game. A second variable is
observed (measured) to determine whether the manipulation causes changes to occur.2.
Control The researcher must exercise control over the research situation to ensure that other,
extraneous variables do not influence the relationship being examined.To demonstrate these
two characteristics, consider the Polman et al. (2008) study examining the effect of violence in
video games (see Figure 1.5). To be able to say that the difference in aggressive behavior is
caused by the amount of violence in the game, the researcher must rule out any other possible
explanation for the difference. That is, any other variables that might affect aggressive behavior
must be controlled. There are two general categories of variables that researchers must
consider:1. Participant Variables These are characteristics such as age, gender, and intelligence
that vary from one individual to another. Whenever an experiment compares different groups of
participants (one group in treatment A and a different group in treatment B), researchers must
ensure that participant variables do not differ from one group to another. For the experiment
shown in Figure 1.5, for example, the researchers would like to conclude that the violence in the
video game causes a change in the participants’ aggressive behavior. In the study, the
participants in both conditions were 10-year-old boys. Suppose, however, that the participants in
the nonviolent condition were primarily female and those in the violent condition were primarily
male. In this case, there is an alternative explanation for the difference in aggression that exists
between the two groups. Specifically, the difference between groups may have been caused by
the amount of violence in the game, but it also is possible that the difference was caused by the
participants’ gender (females are less aggressive than males). Whenever a research study
allows more than one explanation for the results, the study is said to be confounded because it
is impossible to reach an unambiguous conclusion.2. Environmental Variables These are
characteristics of the environment such as lighting, time of day, and weather conditions. A
researcher must ensure that the individuals in treatment A are tested in the same environment
as the individuals in treatment B. Using the video game violence experiment (see Figure 1.5) as
an example, suppose that the individuals in the nonviolent condition were all tested in the
morning and the individuals in the violent condition were all tested in the evening. Again, this
would produce a confounded experiment because the researcher could not determine whether
the differences in aggressive behavior were caused by the amount of violence or caused by the
time of day.Researchers typically use three basic techniques to control other variables. First, the



researcher could use random assignment, which means that each participant has an equal
chance of being assigned to each of the treatment conditions. The goal of random assignment is
to distribute the participant characteristics evenly between the two groups so that neither group
is noticeably smarter (or older, or faster) than the other. Random assignment can also be used
to control environmental variables. For example, participants could be assigned randomly for
testing either in the morning or in the afternoon. A second technique for controlling variables is to
use matching to ensure equivalent groups or equivalent environments. For example, the
researcher could match groups by ensuring that every group has exactly 60% females and 40%
males. Finally, the researcher can control variables by holding them constant. For example, in
the video game violence study discussed earlier (Polman et al., 2008), the researchers used
only 10-year-old boys as participants (holding age and gender constant). In this case the
researchers can be certain that one group is not noticeably older or has a larger proportion of
females than the other.DEFInItIon In the experimental method, one variable is manipulated while
another variableis observed and measured. To establish a cause-and-effect relationship
between the two variables, an experiment attempts to control all other variables to prevent them
from influencing the results.■■ Terminology in the Experimental MethodSpecific names are
used for the two variables that are studied by the experimental method. The variable that is
manipulated by the experimenter is called the independent variable. It can be identified as the
treatment conditions to which participants are assigned. For the example in Figure 1.5, the
amount of violence in the video game is the independent variable. The variable that is observed
and measured to obtain scores within each condition is the dependent variable. For the example
in Figure 1.5, the level of aggressive behavior is the dependent variable.DEFInItIon The
independent variable is the variable that is manipulated by the researcher. Inbehavioral
research, the independent variable usually consists of the two (or more) treatment conditions to
which subjects are exposed. The independent variable consists of the antecedent conditions
that were manipulated prior to observing the dependent variable.The dependent variable is the
one that is observed to assess the effect of the treatment.Control Conditions in an Experiment
An experimental study evaluates the relationship between two variables by manipulating one
variable (the independent variable) and measuring one variable (the dependent variable). Note
that in an experiment only one variable is actually measured. You should realize that this is
different from a correlational study, in which both variables are measured and the data consist of
two separate scores for each individual.Often an experiment will include a condition in which the
participants do not receive any treatment. The scores from these individuals are then compared
with scores from participants who do receive the treatment. The goal of this type of study is to
demonstrate that the treatment has an effect by showing that the scores in the treatment
condition are substantially different from the scores in the no-treatment condition. In this kind of
research, the no-treatment condition is called the control condition, and the treatment condition
is called the experimental condition.DEFInItIon Individuals in a control condition do not receive
the experimental treatment.Instead, they either receive no treatment or they receive a neutral,



placebo treatment. The purpose of a control condition is to provide a baseline for comparison
with the experimental condition.Individuals in the experimental condition do receive the
experimental treatment. Note that the independent variable always consists of at least two
values. (Something must have at least two different values before you can say that it is
“variable.”) For the video game violence experiment (see Figure 1.5), the independent variable is
the amount of violence in the video game. For an experiment with an experimental group and a
control group, the independent variable is treatment versus no treatment.■ Nonexperimental
Methods: Nonequivalent Groupsand Pre-Post StudiesIn informal conversation, there is a
tendency for people to use the term experiment to refer to any kind of research study. You should
realize, however, that the term only applies to studies that satisfy the specific requirements
outlined earlier. In particular, a real experiment must include manipulation of an independent
variable and rigorous control of other, extraneous variables. As a result, there are a number of
other research designs that are not true experiments but still examine the relationship between
variables by comparing groups of scores. Two examples are shown in Figure 1.6 and are
discussed in the following paragraphs. This type of research study is classified as
nonexperimental.The top part of Figure 1.6 shows an example of a nonequivalent groups study
comparing boys and girls. Notice that this study involves comparing two groups of scores (like
an experiment). However, the researcher has no ability to control which participants go
intoFigurE 1.6Two examples of nonexperimental studies that involve comparing two groups of
scores. In (a) the study uses two preexisting groups (boys/ girls) and measures a dependent
variable (verbal scores) in each group. In (b) the study uses time (before/after) to define the two
groups and measures a dependent variable (depression) in each group. (a)Variable #1: Subject
gender (the quasi-independent variable) Not manipulated, but used to create two groups of
subjectsVariable #2: Verbal test scores (the dependent variable) Measured in each of the two
groupsBoys Girls17 1219 1016 1412 1517 1318 1215 1116 13Anydifference?(b)Variable #1:
Time(the quasi-independent variable) Not manipulated, but used to create two groups of
scoresVariable #2: Depression scores (the dependent variable) Measured at each of the two
different timesBefore AfterTherapy Therapy17 1219 1016 1412 1517 1318 1215 1116
13Anydifference?Correlational studies are also examples of nonexperimental research. In this
section, however, we are discussing nonexperimental studies that compare two or more groups
of scores.which group—all the males must be in the boy group and all the females must be in
the girl group. Because this type of research compares preexisting groups, the researcher
cannot control the assignment of participants to groups and cannot ensure equivalent groups.
Other examples of nonequivalent group studies include comparing 8-year-old children and 10-
year-old children, people with an eating disorder and those with no disorder, and comparing
children from a single-parent home and those from a two-parent home. Because it is impossible
to use techniques like random assignment to control participant variables and ensure equivalent
groups, this type of research is not a true experiment.The bottom part of Figure 1.6 shows an
example of a pre–post study comparing depression scores before therapy and after therapy. The



two groups of scores are obtained by measuring the same variable (depression) twice for each
participant; once before therapy and again after therapy. In a pre-post study, however, the
researcher has no control over the passage of time. The “before” scores are always measured
earlier than the “after” scores. Although a difference between the two groups of scores may be
caused by the treatment, it is always possible that the scores simply change as time goes by. For
example, the depression scores may decrease over time in the same way that the symptoms of
a cold disappear over time. In a pre–post study the researcher also has no control over other
variables that change with time. For example, the weather could change from dark and gloomy
before therapy to bright and sunny after therapy. In this case, the depression scores could
improve because of the weather and not because of the therapy. Because the researcher cannot
control the passage of time or other variables related to time, this study is not a true
experiment.Terminology in Nonexperimental Research Although the two research studies shown
in Figure 1.6 are not true experiments, you should notice that they produce the same kind of
data that are found in an experiment (see Figure 1.5). In each case, one variable is used to
create groups, and a second variable is measured to obtain scores within each group. In an
experiment, the groups are created by manipulation of the independent variable, and the
participants’ scores are the dependent variable. The same terminology is often used to identify
the two variables in nonexperimental studies. That is, the variable that is used to create groups is
the independent variable and the scores are the dependent variable. For example, the top part of
Figure 1.6, gender (boy/girl), is the independent variable and the verbal test scores are the
dependent variable. However, you should realize that gender (boy/girl) is not a true independent
variable because it is not manipulated. For this reason, the “independent variable” in a
nonexperimental study is often called a quasi-independent variable.DEFInItIon In a
nonexperimental study, the “independent variable” that is used to create the different groups of
scores is often called the quasi-independent variable.lEarning ChECk 1. In a correlational study,
how many variables are measured for each individual andhow many groups of scores are
obtained?a. 1 variable and 1 groupb. 1 variable and 2 groupsc. 2 variables and 1 groupd. 2
variables and 2 groups2. A research study comparing alcohol use for college students in the
United Statesand Canada reports that more Canadian students drink but American students
drink more (Kuo, Adlaf, Lee, Gliksman, Demers, and Wechsler, 2002). What research design did
this study use?a. correlationalb. experimentalc. nonexperimentald. noncorrelational3. Stephens,
Atkins, and Kingston (2009) found that participants were able to tolerate more pain when they
shouted their favorite swear words over and over than when they shouted neutral words. For this
study, what is the independent variable? a. the amount of pain toleratedb. the participants who
shouted swear wordsc. the participants who shouted neutral wordsd. the kind of word shouted
by the participantsanswErs 1. C, 2. C, 3. D1.3 Variables and MeasurementLEARNING
OBJECTIVEs 6. Explain why operational definitions are developed for constructs and identify
the two components of an operational definition.7. Describe discrete and continuous variables
and identify examples of each. 8. Differentiate nominal, ordinal, interval, and ratio scales of



measurement.■ Constructs and Operational DefinitionsThe scores that make up the data from a
research study are the result of observing and measuring variables. For example, a researcher
may finish a study with a set of IQ scores, personality scores, or reaction-time scores. In this
section, we take a closer look at the variables that are being measured and the process of
measurement.Some variables, such as height, weight, and eye color are well-defined, concrete
entities that can be observed and measured directly. On the other hand, many variables studied
by behavioral scientists are internal characteristics that people use to help describe and explain
behavior. For example, we say that a student does well in school because he or she is intelligent.
Or we say that someone is anxious in social situations, or that someone seems to be hungry.
Variables like intelligence, anxiety, and hunger are called constructs, and because they are
intangible and cannot be directly observed, they are often called hypothetical
constructs.Although constructs such as intelligence are internal characteristics that cannot be
directly observed, it is possible to observe and measure behaviors that are representative of the
construct. For example, we cannot “see” intelligence but we can see examples of intelligent
behavior. The external behaviors can then be used to create an operational definition for the
construct. An operational definition defines a construct in terms of external behaviors that can be
observed and measured. For example, your intelligence is measured and defined by your
performance on an IQ test, or hunger can be measured and defined by the number of hours
since last eating.DEFInItIon Constructs are internal attributes or characteristics that cannot be
directly observed but are useful for describing and explaining behavior.An operational definition
identifies a measurement procedure (a set of operations) for measuring an external behavior
and uses the resulting measurements as a definition and a measurement of a hypothetical
construct. Note that an operational definition has two components. First, it describes a set of
operations for measuring a construct. Second, it defines the construct in terms of the resulting
measurements.■■ Discrete and Continuous VariablesThe variables in a study can be
characterized by the type of values that can be assigned to them. A discrete variable consists of
separate, indivisible categories. For this type of variable, there are no intermediate values
between two adjacent categories. Consider the values displayed when dice are rolled. Between
neighboring values—for example, seven dots and eight dots—no other values can ever be
observed.DEFInItIon A discrete variable consists of separate, indivisible categories. No values
can exist between two neighboring categories.Discrete variables are commonly restricted to
whole, countable numbers—for example, the number of children in a family or the number of
students attending class. If you observe class attendance from day to day, you may count 18
students one day and 19 students the next day. However, it is impossible ever to observe a value
between 18 and 19. A discrete variable may also consist of observations that differ qualitatively.
For example, people can be classified by gender (male or female), by occupation (nurse,
teacher, lawyer, etc.), and college students can by classified by academic major (art, biology,
chemistry, etc.). In each case, the variable is discrete because it consists of separate, indivisible
categories.On the other hand, many variables are not discrete. Variables such as time, height,



and weight are not limited to a fixed set of separate, indivisible categories. You can measure
time, for example, in hours, minutes, seconds, or fractions of seconds. These variables are
called continuous because they can be divided into an infinite number of fractional
parts.DEFInItIon For a continuous variable, there are an infinite number of possible values that
fall between any two observed values. A continuous variable is divisible into an infinite number of
fractional parts.Suppose, for example, that a researcher is measuring weights for a group of
individuals participating in a diet study. Because weight is a continuous variable, it can be
pictured as a continuous line (Figure 1.7). Note that there are an infinite number of possible
points onFigurE 1.7 149.6 150.3When measuring weight tothe nearest whole pound,149.6 and
150.3 are assigned 149 151 152the value of 150 (top). Anyvalue in the interval between
150149.5 and 150.5 is given the 149.5 150.5value of 150.149 150 151 152148.5 149.5 150.5
151.5 152.5 Real limitsthe line without any gaps or separations between neighboring points. For
any two different points on the line, it is always possible to find a third value that is between the
two points. Two other factors apply to continuous variables:1. When measuring a continuous
variable, it should be very rare to obtain identical measurements for two different individuals.
Because a continuous variable has an infinite number of possible values, it should be almost
impossible for two people to have exactly the same score. If the data show a substantial number
of tied scores, then you should suspect that the measurement procedure is very crude or that
the variable is not really continuous.2. When measuring a continuous variable, each
measurement category is actually an interval that must be defined by boundaries. For example,
two people who both claim to weigh 150 pounds are probably not exactly the same weight.
However, they are both around 150 pounds. One person may actually weigh 149.6 and the other
150.3. Thus, a score of 150 is not a specific point on the scale but instead is an interval (see
Figure 1.7). To differentiate a score of 150 from a score of 149 or 151, we must set up
boundaries on the scale of measurement. These boundaries are called real limits and are
positioned exactly halfway between adjacent scores. Thus, a score of X = 150 pounds is actually
an interval bounded by a lower real limit of 149.5 at the bottom and an upper real limit of 150.5 at
the top. Any individual whose weight falls between these real limits will be assigned a score of X
= 150.DEFInItIon Real limits are the boundaries of intervals for scores that are represented on a
continuous number line. The real limit separating two adjacent scores is located exactly halfway
between the scores. Each score has two real limits. The upper real limit is at the top of the
interval, and the lower real limit is at the bottom.The concept of real limits applies to any
measurement of a continuous variable, even when the score categories are not whole numbers.
For example, if you were measuring time to the nearest tenth of a second, the measurement
categories would be 31.0, 31.1, 31.2, and so on. Each of these categories represents an interval
on the scale that is bounded by real limits. For example, a score of X = 31.1 seconds indicates
that the actual measurement is in an interval bounded by a lower real limit of 31.05 and an upper
real limit of 31.15. Remember that the real limits are always halfway between adjacent
categories.Students often askwhether a value ofexactly 150.5 should be assigned to theX = 150



interval or the X = 151 interval. The answer is that 150.5 is the boundary between the two
intervals and is not necessarily in one or the other. Instead, the placement of 150.5 depends on
the rule that you are using for rounding numbers. If you are rounding up, then 150.5 goes in the
higher interval (X = 151) but if you are rounding down, then it goes in the lower interval (X =
150).Later in this book, real limits are used for constructing graphs and for various calculations
with continuous scales. For now, however, you should realize that real limits are a necessity
whenever you make measurements of a continuous variable.Finally, we should warn you that the
terms continuous and discrete apply to the variables that are being measured and not to the
scores that are obtained from the measurement. For example, measuring people’s heights to the
nearest inch produces scores of 60, 61, 62, and so on. Although the scores may appear to be
discrete numbers, the underlying variable is continuous. One key to determining whether a
variable is continuous or discrete is that a continuous variable can be divided into any number of
fractional parts. Height can be measured to the nearest inch, the nearest 0.5 inch, or the nearest
0.1 inch. Similarly, a professor evaluating students’ knowledge could use a pass/fail system that
classifies students into two broad categories. However, the professor could choose to use a 10-
point quiz that divides student knowledge into 11 categories corresponding to quiz scores from
0 to 10. Or the professor could use a 100-point exam that potentially divides student knowledge
into 101 categories from 0 to 100. Whenever you are free to choose the degree of precision or
the number of categories for measuring a variable, the variable must be continuous.■ Scales of
MeasurementIt should be obvious by now that data collection requires that we make
measurements of our observations. Measurement involves assigning individuals or events to
categories. The categories can simply be names such as male/female or employed/
unemployed, or they can be numerical values such as 68 inches or 175 pounds. The categories
used to measure a variable make up a scale of measurement, and the relationships between the
categories determine different types of scales. The distinctions among the scales are important
because they identify the limitations of certain types of measurements and because certain
statistical procedures are appropriate for scores that have been measured on some scales but
not on others. If you were interested in people’s heights, for example, you could measure a group
of individuals by simply classifying them into three categories: tall, medium, and short. However,
this simple classification would not tell you much about the actual heights of the individuals, and
these measurements would not give you enough information to calculate an average height for
the group. Although the simple classification would be adequate for some purposes, you would
need more sophisticated measurements before you could answer more detailed questions. In
this section, we examine four different scales of measurement, beginning with the simplest and
moving to the most sophisticated.■ The Nominal ScaleThe word nominal means “having to do
with names.” Measurement on a nominal scale involves classifying individuals into categories
that have different names but are not related to each other in any systematic way. For example, if
you were measuring the academic majors for a group of college students, the categories would
be art, biology, business, chemistry, and so on. Each student would be classified in one category



according to his or her major. The measurements from a nominal scale allow us to determine
whether two individuals are different, but they do not identify either the direction or the size of the
difference. If one student is an art major and another is a biology major we can say that they are
different, but we cannot say that art is “more than” or “less than” biology and we cannot specify
how much difference there is between art and biology. Other examples of nominal scales include
classifying people by race, gender, or occupation.DEFInItIon A nominal scale consists of a set of
categories that have different names. Measurements on a nominal scale label and categorize
observations, but do not make any quantitative distinctions between observations.Although the
categories on a nominal scale are not quantitative values, they are occasionally represented by
numbers. For example, the rooms or offices in a building may be identified by numbers. You
should realize that the room numbers are simply names and do not reflect any quantitative
information. Room 109 is not necessarily bigger than Room 100 and certainly not 9 points
bigger. It also is fairly common to use numerical values as a code for nominal categories when
data are entered into computer programs. For example, the data from a survey may code males
with a 0 and females with a 1. Again, the numerical values are simply names and do not
represent any quantitative difference. The scales that follow do reflect an attempt to make
quantitative distinctions.■ The Ordinal ScaleThe categories that make up an ordinal scale not
only have different names (as in a nominal scale) but also are organized in a fixed order
corresponding to differences of magnitude.DEFInItIon An ordinal scale consists of a set of
categories that are organized in an ordered sequence. Measurements on an ordinal scale rank
observations in terms of size or magnitude.Often, an ordinal scale consists of a series of ranks
(first, second, third, and so on) like the order of finish in a horse race. Occasionally, the
categories are identified by verbal labels like small, medium, and large drink sizes at a fast-food
restaurant. In either case, the fact that the categories form an ordered sequence means that
there is a directional relationship between categories. With measurements from an ordinal scale,
you can determine whether two individuals are different and you can determine the direction of
difference. However, ordinal measurements do not allow you to determine the size of the
difference between two individuals. In a NASCAR race, for example, the first-place car finished
faster than the second-place car, but the ranks don’t tell you how much faster. Other examples of
ordinal scales include socioeconomic class (upper, middle, lower) and T-shirt sizes (small,
medium, large). In addition, ordinal scales are often used to measure variables for which it is
difficult to assign numerical scores. For example, people can rank their food preferences but
might have trouble explaining “how much” they prefer chocolate ice cream to steak.■■ The
Interval and Ratio ScalesBoth an interval scale and a ratio scale consist of a series of ordered
categories (like an ordinal scale) with the additional requirement that the categories form a
series of intervals that are all exactly the same size. Thus, the scale of measurement consists of
a series of equal intervals, such as inches on a ruler. Other examples of interval and ratio scales
are the measurement of time in seconds, weight in pounds, and temperature in degrees
Fahrenheit. Note that, in each case, one interval (1 inch, 1 second, 1 pound, 1 degree) is the



same size, no matter where it is located on the scale. The fact that the intervals are all the same
size makes it possible to determine both the size and the direction of the difference between two
measurements. For example, you know that a measurement of 80° Fahrenheit is higher than a
measure of 60°, and you know that it is exactly 20° higher.The factor that differentiates an
interval scale from a ratio scale is the nature of the zero point. An interval scale has an arbitrary
zero point. That is, the value 0 is assigned to a particular location on the scale simply as a matter
of convenience or reference. In particular, a value of zero does not indicate a total absence of
the variable being measured. For example a temperature of 0º Fahrenheit does not mean that
there is no temperature, and it does not prohibit the temperature from going even lower. Interval
scales with an arbitrary zero point are relatively rare. The two most common examples are the
Fahrenheit and Celsius temperature scales. Other examples include golf scores (above and
below par) and relative measures such as above and below average rainfall.A ratio scale is
anchored by a zero point that is not arbitrary but rather is a meaningful value representing none
(a complete absence) of the variable being measured. The existence of an absolute, non-
arbitrary zero point means that we can measure the absolute amount of the variable; that is, we
can measure the distance from 0. This makes it possible to compare measurements in terms of
ratios. For example, a gas tank with 10 gallons (10 more than 0) has twice as much gas as a tank
with only 5 gallons (5 more than 0). Also note that a completely empty tank has 0 gallons. To
recap, with a ratio scale, we can measure the direction and the size of the difference between
two measurements and we can describe the difference in terms of a ratio. Ratio scales are quite
common and include physical measures such as height and weight, as well as variables such as
reaction time or the number of errors on a test. The distinction between an interval scale and a
ratio scale is demonstrated in Example 1.2.DEFInItIon An interval scale consists of ordered
categories that are all intervals of exactly thesame size. Equal differences between numbers on
scale reflect equal differences in magnitude. However, the zero point on an interval scale is
arbitrary and does not indicate a zero amount of the variable being measured.A ratio scale is an
interval scale with the additional feature of an absolute zero point. With a ratio scale, ratios of
numbers do reflect ratios of magnitude.ExamplE 1.2 A researcher obtains measurements of
height for a group of 8-year-old boys. Initially, theresearcher simply records each child’s height in
inches, obtaining values such as 44, 51, 49, and so on. These initial measurements constitute a
ratio scale. A value of zero represents no height (absolute zero). Also, it is possible to use these
measurements to form ratios. For example, a child who is 60 inches tall is one and a half times
taller than a child who is 40 inches tall.Now suppose that the researcher converts the initial
measurement into a new scale by calculating the difference between each child’s actual height
and the average height for this age group. A child who is 1 inch taller than average now gets a
score of +1; a child 4 inches taller than average gets a score of +4. Similarly, a child who is 2
inches shorter than average gets a score of –2. On this scale, a score of zero corresponds to
average height. Because zero no longer indicates a complete absence of height, the new scores
constitute an interval scale of measurement.Notice that original scores and the converted



scores both involve measurement in inches, and you can compute differences, or distances, on
either scale. For example, there is a 6-inch difference in height between two boys who measure
57 and 51 inches tall on the first scale. Likewise, there is a 6-inch difference between two boys
who measure +9 and +3 on the second scale. However, you should also notice that ratio
comparisons are not possible on the second scale. For example, a boy who measures +9 is not
three times taller than a boy who measures +3. ■Statistics and Scales of Measurement For our
purposes, scales of measurement are important because they help determine the statistics that
are used to evaluate the data. Specifically, there are certain statistical procedures that are used
with numerical scores from interval or ratio scales and other statistical procedures that are used
with nonnumerical scores from nominal or ordinal scales. The distinction is based on the fact
that numerical scores are compatible with basic arithmetic operations (adding, multiplying, and
so on) but non-numerical scores are not. For example, if you measure IQ scores for a group of
students, it is possible to add the scores together to find a total and then calculate the average
score for the group. On the other hand, if you measure the academic major for each student, you
cannot add the scores to obtain a total. (What is the total for three psychology majors plus an
English major plus two chemistry majors?) The vast majority of the statistical techniques
presented in this book are designed for numerical scores from interval or ratio scales. For most
statistical applications, the distinction between an interval scale and a ratio scale is not
important because both scales produce numerical values that permit us to compute differences
between scores, to add scores, and to calculate mean scores. On the other hand,
measurements from nominal or ordinal scales are typically not numerical values, do not
measure distance, and are not compatible with many basic arithmetic operations. Therefore,
alternative statistical techniques are necessary for data from nominal or ordinal scales of
measurement (for example, the median and the mode in Chapter 3, the Spearman correlation in
Chapter 15, and the chi-square tests in Chapter 17). Additional statistical methods for
measurements from ordinal scales are presented in Appendix E.lEarning ChECk 1. An
operational definition is used to a hypothetical construct.a. defineb. measurec. measure and
defined. None of the other choices is correct.2. A researcher studies the factors that determine
the number of children that couples decide to have. The variable, number of children, is an
example of a variable.a. discreteb. continuousc. nominald. ordinal3. When measuring height to
the nearest half inch, what are the real limits for a score of 68.0 inches?a. 67 and 69b. 67.5 and
68.5c. 67.75 and 68.75d. 67.75 and 68.254. The teacher in a communications class asks
students to identify their favorite reality television show. The different television shows make up a
scale of measurement.a. nominalb. ordinalc. intervald. ratioanswErs 1. C, 2. A, 3. D, 4. A Section
1.4 | Statistical Notation 251.4 Statistical NotationLEARNING OBJECTIVEs 9. Identify what is
represented by each of the following symbols: X, Y, N, n, and ∑. 10. Perform calculations using
summation notation and other mathematical operations following the correct order of
operations.The measurements obtained in research studies provide the data for statistical
analysis. Most of the statistical analyses use the same general mathematical operations,



notation, and basic arithmetic that you have learned during previous years of school. In case you
are unsure of your mathematical skills, there is a mathematics review section in Appendix A at
the back of this book. The appendix also includes a skills assessment exam (p. 626) to help you
determine whether you need the basic mathematics review. In this section, we introduce some
of the specialized notation that is used for statistical calculations. In later chapters, additional
statistical notation is introduced as it is needed.■ ScoresMeasuring a variable in a research
study yields a value or a score for each individual. Raw scores are the original, unchanged
scores obtained in the study. Scores for a particular variable are typically represented by the
letter X. For example, if performance in your statistics course is measured by tests and you
obtain a 35 on the first test, then we could state that X = 35. A set of scores can be presented in
a column that is headed by X. For example, a list of quiz scores from your class might be
presented as shown below (the single column on the left).Quiz Scores Height WeightX X Y37 72
16535 68 15135 67 16030 67 16025 68 14617 70 16016 66 133When observations are made
for two variables, there will be two scores for each individual. The data can be presented as two
lists labeled X and Y for the two variables. For example, observations for people’s height in
inches (variable X) and weight in pounds (variable Y) can be presented as shown in the double
column in the margin. Each pair X, Y represents the observations made of a single
participant.The letter N is used to specify how many scores are in a set. An uppercase letter N
identifies the number of scores in a population and a lowercase letter n identifies the number of
scores in a sample. Throughout the remainder of the book you will notice that we often use
notational differences to distinguish between samples and populations. For the height and
weight data in the preceding table, n = 7 for both variables. Note that by using a lowercase letter
n, we are implying that these data are a sample.■■ Summation NotationMany of the
computations required in statistics involve adding a set of scores. Because this procedure is
used so frequently, a special notation is used to refer to the sum of a set of scores. The Greek
letter sigma, or Σ, is used to stand for summation. The expression ΣX 26 chapter 1 | Introduction
to Statisticsmeans to add all the scores for variable X. The summation sign Σ can be read as
“the sum of.” Thus, ΣX is read “the sum of the scores.” For the following set of quiz scores,10, 6,
7, 4, ΣX = 27 and N = 4.To use summation notation correctly, keep in mind the following two
points:1. The summation sign, Σ, is always followed by a symbol or mathematical expression.
The symbol or expression identifies exactly which values are to be added. To compute ΣX, for
example, the symbol following the summation sign is X, and the task is to find the sum of the X
values. On the other hand, to compute Σ(X – 1)2, the summation sign is followed by a relatively
complex mathematical expression, so your first task is to calculate all of the (X – 1)2 values and
then add the results.2. The summation process is often included with several other mathematical
operations, such as multiplication or squaring. To obtain the correct answer, it is essential that
the different operations be done in the correct sequence. Following is a list showing the correct
order of operations for performing mathematical operations. Most of this list should be familiar,
but you should note that we have inserted the summation process as the fourth operation in the



list.More information on the order of operations for mathematics is available in the Math Review
Appendix, page 625.Order of Mathematical Operations1. Any calculation contained within
parentheses is done first.2. Squaring (or raising to other exponents) is done second.3.
Multiplying and/or dividing is done third. A series of multiplication and/or division operations
should be done in order from left to right.4. Summation using the Σ notation is done next.5.
Finally, any other addition and/or subtraction is done.The following examples demonstrate how
summation notation is used in most of the calculations and formulas we present in this book.
Notice that whenever a calculation requires multiple steps, we use a computational table to help
demonstrate the process. The table simply lists the original scores in the first column and then
adds columns to show the results of each successive step. Notice that the first three operations
in the order-ofoperations list all create a new column in the computational table. When you get to
summation (number 4 in the list), you simply add the values in the last column of your table to
obtain the sum.ExamplE 1.3X X 23 91 17 494 16A set of four scores consists of values 3, 1, 7,
and 4. We will compute ΣX, ΣX 2, and (ΣX)2 for these scores. To help demonstrate the
calculations, we will use a computational table showing the original scores (the X values) in the
first column. Additional columns can then be added to show additional steps in the series of
operations. You should notice that the first three operations in the list (parentheses, squaring,
and multiplying) all create a new column of values. The last two operations, however, produce a
single value corresponding to the sum.The table to the left shows the original scores (the X
values) and the squared scores (the X 2 values) that are needed to compute ΣX 2.The first
calculation, ΣX, does not include any parentheses, squaring, or multiplication, so we go directly
to the summation operation. The X values are listed in the first column of the table, and we
simply add the values in this column:ΣX = 3 + 1 + 7 + 4 = 15 SEctIon 1.4 | Statistical Notation
27To compute ΣX2, the correct order of operations is to square each score and then find the
sum of the squared values. The computational table shows the original scores and the results
obtained from squaring (the first step in the calculation). The second step is to find the sum of
the squared values, so we simply add the numbers in the X2 column:ΣX 2 = 9 + 1 + 49 + 16 =
75The final calculation, ( ΣX)2, includes parentheses, so the first step is to perform the
calculation inside the parentheses. Thus, we first find ΣX and then square this sum. Earlier, we
computed ΣX = 15, so(ΣX)2 = (15)2 = 225 ■ExamplE 1.4Use the same set of four scores from
Example 1.3 and compute Σ(X – 1) and Σ(X – 1)2. The following computational table will help
demonstrate the calculations.X (X 2 1) (X 2 1)2 The first column lists the3 2 4 original scores. A
second1 0 0 column lists the (X − 1)7 6 36 values, and a third column4 3 9 shows the (X − 1)2
values.To compute Σ(X – 1), the first step is to perform the operation inside the parentheses.
Thus, we begin by subtracting one point from each of the X values. The resulting values are
listed in the middle column of the table. The next step is to add the (X – 1) values, so we simply
add the values in the middle column.Σ(X – 1) = 2 + 0 + 6 + 3 + = 11The calculation of Σ(X + 1)2
requires three steps. The first step (inside parentheses) is to subtract 1 point from each X value.
The results from this step are shown in the middle column of the computational table. The



second step is to square each of the (X – 1) values. The results from this step are shown in the
third column of the table. The final step is to add the (X – 1)2 values, so we add the values in the
third column to obtainΣ(X – 1)2 = 4 + 0 + 36 + 9 = 49 Notice that this calculation requires
squaring before adding. A common mistake is to add the (X – 1) values and then square the
total. Be careful! ■ExamplE 1.5 In both of the preceding examples, and in many other situations,
the summation operation is the last step in the calculation. According to the order of operations,
parentheses, exponents, and multiplication all come before summation. However, there are
situations in which extra addition and subtraction are completed after the summation. For this
example, use the same scores that appeared in the previous two examples, and compute ΣX –
1.With no parentheses, exponents, or multiplication, the first step is the summation. Thus, we
begin by computing ΣX. Earlier we found ΣX = 15. The next step is to subtract one point from the
total. For these data,ΣX – 1 = 15 – 1 = 14 ■ExamplE 1.6For this example, each individual has
two scores. The first score is identified as X, and the second score is Y. With the help of the
following computational table, compute ΣX, ΣY, and ΣXY.Person X Y XYA 3 5 15B 1 3 3C 7 4
28D 4 2 8To find ΣX, simply add the values in the X column.ΣX = 3 + 1 + 7 + 4 = 15Similarly, ΣY
is the sum of the Y values in the middle column.ΣY = 5 + 3 + 4 + 2 = 14To compute ΣXY, the first
step is to multiply X times Y for each individual. The resulting products (XY values) are listed in
the third column of the table. Finally, we add the products to obtainΣXY = 15 + 3 + 28 + 8 = 54
■The following example is an opportunity for you to test your understanding of summation
notation.ExamplE 1.7 Calculate each value requested for the following scores: 5, 2, 4, 2 a. ΣX b.
Σ(X +1) c. Σ(X + 1)2 You should obtain answers of 49, 17, and 79 for a, b, and c, respectively.
Good luck. ■lEarning ChECk 1. What value is represented by the lowercase letter n?a. the
number of scores in a populationb. the number of scores in a samplec. the number of values to
be added in a summation problem d. the number of steps in a summation problem2. What is the
value of Σ(X – 2) for the following scores: 6, 2, 4, 2? a. 12b. 10c. 8d. 63. What is the first step in
the calculation of (ΣX)2?a. Square each score.b. Add the scores.c. Subtract 2 points from each
score.d. Add the X – 2 values.answErs 1. B, 2. D, 3. BKEY tERMS 29S u m m A Ry1. The term
statistics is used to refer to methods for organizing, summarizing, and interpreting data.2.
Scientific questions usually concern a population, which is the entire set of individuals one
wishes to study. Usually, populations are so large that it is impossible to examine every
individual, so most research is conducted with samples. A sample is a group selected from a
population, usually for purposes of a research study.3. A characteristic that describes a sample
is called a statistic, and a characteristic that describes a population is called a parameter.
Although sample statistics are usually representative of corresponding population parameters,
there is typically some discrepancy between a statistic and a parameter. The naturally occurring
difference between a statistic and a parameter is called sampling error.4. Statistical methods
can be classified into two broad categories: descriptive statistics, which organize and
summarize data, and inferential statistics, which use sample data to draw inferences about
populations.5. The correlational method examines relationships between variables by measuring



two different variables for each individual. This method allows researchers to measure and
describe relationships, but cannot produce a cause-and-effect explanation for the relationship.6.
The experimental method examines relationships between variables by manipulating an
independent variable to create different treatment conditions and then measuring a dependent
variable to obtain a group of scores in each condition. The groups of scores are then compared.
A systematic difference between groups provides evidence that changing the independent
variable from one condition to another also caused a change in the dependent variable. All other
variables are controlled to prevent them from influencing the relationship. The intent of the
experimental method is to demonstrate a cause-and-effect relationship between variables.7.
Nonexperimental studies also examine relationships between variables by comparing groups of
scores, but they do not have the rigor of true experiments and cannot produce cause-and-effect
explanations. Instead of manipulating a variable to create different groups, a nonexperimental
study uses a preexisting participant characteristic (such as male/female) or the passage of time
(before/after) to create the groups being compared.8. A measurement scale consists of a set of
categories that are used to classify individuals. A nominal scale consists of categories that differ
only in name and are not differentiated in terms of magnitude or direction. In an ordinal scale, the
categories are differentiated in terms of direction, forming an ordered series. An interval scale
consists of an ordered series of categories that are all equal-sized intervals. With an interval
scale, it is possible to differentiate direction and magnitude (or distance) between categories.
Finally, a ratio scale is an interval scale for which the zero point indicates none of the variable
being measured. With a ratio scale, ratios of measurements reflect ratios of magnitude.9. A
discrete variable consists of indivisible categories, often whole numbers that vary in countable
steps. A continuous variable consists of categories that are infinitely divisible and each score
corresponds to an interval on the scale. The boundaries that separate intervals are called real
limits and are located exactly halfway between adjacent scores.10. The letter X is used to
represent scores for a variable. If a second variable is used, Y represents its scores. The letter N
is used as the symbol for the number of scores in a population; n is the symbol for a number of
scores in a sample.11. The Greek letter sigma (Σ) is used to stand for summation. Therefore, the
expression ΣX is read “the sum of the scores.” Summation is a mathematical operation (like
addition or multiplication) and must be performed in its proper place in the order of operations;
summation occurs after parentheses, exponents, and multiplying/dividing have been
completed.KEy TERmSstatistics (3) population (3) sample (4)variable (4) data (5)data set
(5)datum (5)raw score (5) parameter (5) statistic (5) descriptive statistics (5) inferential statistics
(6) sampling error (6)correlational method (11) experimental method (15) independent variable
(15) dependent variable (15) control condition (15) experimental condition (15) nonequivalent
groups study (16) pre–post study (17)quasi-independent variable (17) construct (19)operational
definition (19) discrete variable (19) continuous variable (19) real limits (20)upper real limit
(20)lower real limit (20) nominal scale (21) ordinal scale (22) interval scale (23) ratio scale
(23)SPSS®The Statistical Package for the Social Sciences, known as SPSS, is a computer



program that performs most of the statistical calculations that are presented in this book, and is
commonly available on college and university computer systems. Appendix D contains a general
introduction to SPSS. In the Resource section at the end of each chapter for which SPSS is
applicable, there are stepby-step instructions for using SPSS to perform the statistical
operations presented in the chapter.Focus on Problem solvingIt may help to simplify summation
notation if you observe that the summation sign is always followed by a symbol or symbolic
expression—for example, ΣX or Σ(X + 3). This symbol specifies which values you are to add. If
you use the symbol as a column heading and list all the appropriate values in the column, your
task is simply to add up the numbers in the column. To find Σ(X + 3) for example, start a column
headed with (X + 3) next to the column of Xs. List all the (X + 3) values; then find the total for the
column.Often, summation notation is part of a relatively complex mathematical expression that
requires several steps of calculation. The series of steps must be performed according to the
order of mathematical operations (see page 26). The best procedure is to use a computational
table that begins with the original X values listed in the first column. Except for summation, each
step in the calculation creates a new column of values. For example, computing Σ(X + 1)2
involves three steps and produces a computational table with three columns. The final step is to
add the values in the third column (see Example 1.4).Demonstration 1.1SUMMatIon notatIonA
set of scores consists of the following values:7 3 9 5 4For these scores, compute each of the
following:Σ X(ΣX)2ΣX 2ΣX + 5X X 2 Σ(X – 2)Compute ΣX To compute ΣX, we simply add all of
the scores in the group.7 493 9 ΣX = 7 + 3 + 9 + 5 + 4 = 289 81 Compute (ΣX)2 The first step,
inside the parentheses, is to compute ΣX. The second step is 5 25 to square the value for ΣX.4
16 ΣX = 28 and (ΣX)2 = (28)2 = 784PRoBLEMS 31Compute ΣX2 The first step is to square
each score. The second step is to add the squared scores. The computational table shows the
scores and squared scores. To compute ΣX 2 we add the values in the X 2 column.Σ X 2 = 49 +
9 + 81 + 25 + 16 = 180The first step is to compute ΣX. The second step is to add 5 points to
the total. ΣX = 28 and ΣX + 5 = 28 + 5 = 33The first step, inside parentheses, is to subtract 2
points from eachX X − 2 7 5 Compute ΣX + 53 19 7 Compute Σ(X – 2)5 3 score. The second
step is to add the resulting values. The computational table shows the4 2 scores and the (X – 2)
values. To compute Σ(X – 2), add the values in the (X – 2) columnΣ(X – 2) = 5 + 1 + 7 + 3 + 2 =
18PRoBLEMS*1. A researcher is interested in the texting habits of high school students in the
United States. The researcher selects a group of 100 students, measures the number of text
messages that each individual sends each day, and calculates the average number for the
group. a. Identify the population for this study.b. Identify the sample for this study.c. The average
number that the researcher calculatedis an example of a.2. Define the terms population, sample,
parameter, and statistic.3. Statistical methods are classified into two major categories:
descriptive and inferential. Describe the general purpose for the statistical methods in each
category.4. Define the concept of sampling error and explain why this phenomenon creates a
problem to be addressed by inferential statistics.5. Describe the data for a correlational research
study. Explain how these data are different from the data obtained in experimental and



nonexperimental studies, which also evaluate relationships between two variables.6. Describe
how the goal of an experimental research study is different from the goal for nonexperimental or
correlational research. Identify the two elements that are necessary for an experiment to achieve
its goal.7. Stephens, Atkins, and Kingston (2009) conducted an experiment in which participants
were able to tolerate more pain when they were shouting their favorite swear words than when
they were shouting neutral words. Identify the independent and dependent variables for this
study.8. The results of a recent study showed that children who routinely drank reduced fat milk
(1% or skim) were more likely to be overweight or obese at age*Solutions for odd-numbered
problems are provided in Appendix C.2 and age 4 compared to children who drank whole or 2%
milk (Scharf, Demmer, and DeBoer, 2013). Is this an example of an experimental or a
nonexperimental study?9. Gentile, Lynch, Linder, and Walsh (2004) surveyed over 600 8th- and
9th-grade students asking about their gaming habits and other behaviors. Their results showed
that the adolescents who experienced more video game violence were also more hostile and
had more frequent arguments with teachers. Is this an experimental or a nonexperimental
study? Explain your answer.10. Weinstein, McDermott, and Roediger (2010) conducted an
experiment to evaluate the effectiveness of different study strategies. One part of the study
asked students to prepare for a test by reading a passage. In one condition, students generated
and answered questions after reading the passage. In a second condition, students simply read
the passage a second time. All students were then given a test on the passage material and the
researchers recorded the number of correct answers.a. Identify the dependent variable for this
study. b. Is the dependent variable discrete or continuous? c. What scale of measurement
(nominal, ordinal,interval, or ratio) is used to measure the dependent variable?11. A research
study reports that alcohol consumption is significantly higher for students at a state university
than for students at a religious college (Wells, 2010). Is this study an example of an experiment?
Explain why or why not.12. In an experiment examining the effects Tai Chi on arthritis pain,
Callahan (2010) selected a large sample of individuals with doctor-diagnosed arthritis. Half of
the participants immediately began a Tai Chi course and the other half (the control group) waited
8 weeks before beginning. At the end of 8 weeks, the individuals who had experienced Tai Chi
had less arthritis pain that those who had not participated in the course. a. Identify the
independent variable for this study. b. What scale of measurement is used for the independent
variable?c. Identify the dependent variable for this study. d. What scale of measurement is used
for the dependent variable?13. A tax form asks people to identify their annual income, number of
dependents, and social security number. For each of these three variables, identify the scale of
measurement that probably is used and identify whether the variable is continuous or
discrete.14. Four scales of measurement were introduced in this chapter: nominal, ordinal,
interval, and ratio. a. What additional information is obtained frommeasurements on an ordinal
scale compared to measurements on a nominal scale?b. What additional information is obtained
from measurements on an interval scale compared to measurements on an ordinal scale?c.
What additional information is obtained from measurements on a ratio scale compared to



measurements on an interval scale?15. Knight and Haslam (2010) found that office workers who
had some input into the design of their office space were more productive and had higher well-
being compared to workers for whom the office design was completely controlled by an office
manager. For this study, identify the independent variable and the dependent variable.16.
Explain why honesty is a hypothetical construct instead of a concrete variable. Describe how
shyness might be measured and defined using an operational definition.17. Ford and Torok
(2008) found that motivational signs were effective in increasing physical activity on a college
campus. Signs such as “Step up to a healthier lifestyle” and “An average person burns 10
calories a minute walking up the stairs” were posted by the elevators and stairs in a college
building. Students and faculty increased their use of the stairs during times that the signs were
posted compared to times when there were no signs. a. Identify the independent and dependent
variablesfor this study.b. What scale of measurement is used for the independent variable?18.
For the following scores, find the value of eachexpression: Xa. ΣXb. ΣX 2 3c. ΣX + 1 5d. Σ(X +
1)019. For the following set of scores, find the value of each expression:a. ΣX 2b. (ΣX )2 Xc. Σ(X
– 1) 3d. Σ(X – 1)2 251320. For the following set of scores, find the value of each expression:a. ΣX
Xb. ΣX2c. Σ(X + 3). 6–20–3–121. Two scores, X and Y, are recorded for each of n = 4 subjects.
For these scores, find the value of each expression.a. ΣX Subject X Yb. ΣY A 3 4c. ΣXYB 0 7C –
1 5D 2 222. Use summation notation to express each of the following calculations:a. Add the
scores and then add then square the sum. b. Square each score and then add the squared
values. c. Subtract 2 points from each score and then add theresulting values.d. Subtract 1 point
from each score and square theresulting values. Then add the squared values.23. For the
following set of scores, find the value of each expression:a. ΣX 2b. (ΣX)2 Xc. Σ(X – 3) 1d. Σ(X –
3)2 623Frequency DistributionsTools You Will NeedThe following items are considered essential
background material for this chapter. If you doubt your knowledge of any of these items, you
should review the appropriate chapter or section before proceeding.■■ Proportions (Appendix
A)■ ■ Fractions■■ Decimals■■ Percentages■■ Scales of measurement (Chapter
1):Nominal, ordinal, interval, and ratio ■■ Continuous and discrete variables(Chapter 1)■■
Real limits (Chapter 1)ChApter2©Deborah BattPREVIEW2.1 Frequency Distributions and
Frequency Distribution Tables2.2 Grouped Frequency Distribution Tables2.3 Frequency
Distribution Graphs2.4 Percentiles, Percentile Ranks, and Interpolation2.5 Stem and Leaf
DisplaysSummaryFocus on Problem SolvingDemonstrations 2.1 and 2.2Problemsp re vi e
wThere is some evidence that people with a visible tattoo are viewed more negatively than are
people without a visible tattoo (Resenhoeft, Villa, and Wiseman, 2008). In the study, one group
of community college students was shown a color photograph of a 24-yearold woman with a
tattoo of a dragon on her arm. A second group of students was shown the same photograph but
with the tattoo removed. Each participant was asked to rate the participant on several
characteristics, including attractiveness, using a 5-point scale (5 = most positive). Data similar to
the attractiveness ratings obtained in the study are shown in Table 2.1.Table 2.1Attractiveness
ratings of a woman shown in a color photograph for two samples of college students. For the first



group of students the woman in the photograph had a visible tattoo. The students in the second
group saw the same photograph with the tattoo removed.Visible Tattoo No Visible Tattoo1 2 4 32
2 1 32 5 4 32 4 4 3 5 4 2 4 4 5 3 3You probably find it difficult to see any clear pattern simply by
looking at the list of numbers. Can you tell whether the ratings for one group are generally higher
than those for the other group? One solution to this problem is to organize each group of scores
into a frequency distribution, which provides a clearer view of the entire group.For example, the
same attractiveness ratings that are shown in Table 2.1 have been organized in a frequency
distribution graph in Figure 2.1. In the figure, each individual is represented by a block that is
placed above that individual’s score. The resulting pile of blocks shows a picture of how the
individual scores are distributed. For this example, it is now easy to see that the attractiveness
scores for the woman without a tattoo are generally higher than the scores for the woman with a
tattoo; on average, the rated attractiveness of the woman was around 2 with a tattoo and around
4 without a tattoo.In this chapter we present techniques for organizing data into tables and
graphs so that an entire set of scores can be presented in a relatively simple display or
illustration.Photograph with visible tattoo1 2 4 4 5 6 Attractiveness ratingFigure
2.1Attractiveness ratings for a woman shown in a color photograph with a visible tattoo (upper
graph) and with the tattoo removed (lower graph). Each box represents the score for one
individual.1 2 4 4 5Attractiveness rating Photograph with no visible tattoo2.1 Frequency
Distributions and Frequency Distribution TablesLEARNING OBJECTIVEs 1. Describe the basic
elements of a frequency distribution table and explain how they are related to the original set of
scores.Calculate the following from a frequency table: ΣX, ΣX2, and the proportion and
2.percentage of the group associated with each score.The results from a research study usually
consist of pages of numbers corresponding to the measurements or scores collected during the
study. The immediate problem for the researcher is to organize the scores into some
comprehensible form so that any patterns in the data can be seen easily and communicated to
others. This is the job of descriptive statistics: to simplify the organization and presentation of
data. One of the most common procedures for organizing a set of data is to place the scores in a
frequency distribution.DEFINITIoN A frequency distribution is an organized tabulation of the
number of individuals located in each category on the scale of measurement.A frequency
distribution takes a disorganized set of scores and places them in order from highest to lowest,
grouping together individuals who all have the same score. If the highest score is X = 10, for
example, the frequency distribution groups together all the 10s, then all the 9s, then the 8s, and
so on. Thus, a frequency distribution allows the researcher to see “at a glance” the entire set of
scores. It shows whether the scores are generally high or low, whether they are concentrated in
one area or spread out across the entire scale, and generally provides an organized picture of
the data. In addition to providing a picture of the entire set of scores, a frequency distribution
allows you to see the location of any individual score relative to all of the other scores in the
set.A frequency distribution can be structured either as a table or as a graph, but in either case,
the distribution presents the same two elements:1. The set of categories that make up the



original measurement scale.2. A record of the frequency, or number of individuals in each
category. Thus, a frequency distribution presents a picture of how the individual scores are
distributed on the measurement scale—hence the name frequency distribution.It is customary to
list categories from highest to lowest, but this is an arbitrary arrangement. Many computer
programs list categories from lowest to highest.■■ Frequency Distribution TablesThe simplest
frequency distribution table presents the measurement scale by listing the different
measurement categories (X values) in a column from highest to lowest. Beside each X value, we
indicate the frequency, or the number of times that particular measurement occurred in the data.
It is customary to use an X as the column heading for the scores and an f as the column heading
for the frequencies. An example of a frequency distribution table follows.example 2.1 The
following set of N = 20 scores was obtained from a 10-point statistics quiz. We will organize
these scores by constructing a frequency distribution table. Scores:8, 9, 8, 7, 10, 9, 6, 4, 9, 8, 7,
8, 10, 9, 8, 6, 9, 7, 8, 8X f10 29 58 77 36 25 04 11. The highest score is X = 10, and the lowest
score is X = 4. Therefore, the first column of the table lists the categories that make up the scale
of measurement (X values) from 10 down to 4. Notice that all of the possible values are listed in
the table. For example, no one had a score of X = 5, but this value is included. With an ordinal,
interval, or ratio scale, the categories are listed in order (usually highest to lowest). For a nominal
scale, the categories can be listed in any order.2. The frequency associated with each score is
recorded in the second column. For example, two people had scores of X = 10, so there is a 2 in
the f column beside X = 10.Because the table organizes the scores, it is possible to see very
quickly the general quiz results. For example, there were only two perfect scores, but most of the
class had high grades (8s and 9s). With one exception (the score of X = 4), it appears that the
class has learned the material fairly well.Notice that the X values in a frequency distribution table
represent the scale of measurement, not the actual set of scores. For example, the X column
lists the value 10 only one time, but the frequency column indicates that there are actually two
values of X = 10. Also, the X column lists a value of X = 5, but the frequency column indicates
that no one actually had a score of X = 5.You also should notice that the frequencies can be
used to find the total number of scores in the distribution. By adding up the frequencies, you
obtain the total number of individuals:Σf = N ■Obtaining SX from a Frequency Distribution Table
There may be times when you need to compute the sum of the scores, ΣX, or perform other
computations for a set of scores that has been organized into a frequency distribution table. To
complete these calculations correctly, you must use all the information presented in the table.
That is, it is essential to use the information in the f column as well as the X column to obtain the
full set of scores.When it is necessary to perform calculations for scores that have been
organized into a frequency distribution table, the safest procedure is to use the information in the
table to recover the complete list of individual scores before you begin any computations. This
process is demonstrated in the following example.example 2.2X F5 14 23 32 31 1Consider the
frequency distribution table shown in the margin. The table shows that the distribution has one 5,
two 4s, three 3s, three 2s, and one 1, for a total of 10 scores. If you simply list all 10 scores, you



can safely proceed with calculations such as finding ΣX or ΣX2. For example, to compute ΣX you
must add all 10 scores:ΣX = 5 + 4 + 4 + 3 + 3 + 3 + 2 + 2 + 2 + 1For the distribution in this table,
you should obtain ΣX = 29. Try it yourself. Similarly, to compute ΣX2 you square each of the 10
scores and then add the squared values.ΣX2 = 52 + 42 + 42 + 32 + 32 + 32 + 22 + 22 + 22 +
12Caution: Doing calculations within the table works well for SX but can lead to errors for more
complex formulas.This time you should obtain ΣX2 = 97. ■An alternative way to get ΣX from a
frequency distribution table is to multiply each X value by its frequency and then add these
products. This sum may beNo matter whichmethod you use to find SX, the important point is that
you must use the information given in the frequency column in addition to the information in the
X column.expressed in symbols as ΣfX. The computation is summarized as follows for the data
in Example 2.2:X f fX5 1 5 (the one 5 totals 5)4 2 8 (the two 4s total 8)3 3 9 (the three 3s total 9)2
3 6 (the three 2s total 6)1 1 1 (the one 1 totals 1)ΣX = 29The following example is an opportunity
for you to test your understanding by computing ΣX and ΣX2 for scores in a frequency
distribution table.example 2.3example 2.4Calculate ΣX and ΣX2 for scores shown in the
frequency distribution table in Example 2.1 (p. 37). You should obtain ΣX = 158 and ΣX2 = 1288,
Good luck. ■ ■■ Proportions and PercentagesIn addition to the two basic columns of a
frequency distribution, there are other measures that describe the distribution of scores and can
be incorporated into the table. The two most common are proportion and percentage.Proportion
measures the fraction of the total group that is associated with each score. In Example 2.2, there
were two individuals with X = 4. Thus, 2 out of 10 people had X = 4, so the proportion would
be210 = 0.20. In general, the proportion associated with each score isfproportion 5 p
5NBecause proportions describe the frequency ( f) in relation to the total number (N), they often
are called relative frequencies. Although proportions can be expressed as fractions (for
example,210 ), they more commonly appear as decimals. A column of proportions, headed with
a p, can be added to the basic frequency distribution table (see Example 2.4). In addition to
using frequencies (f) and proportions (p), researchers often describe a distribution of scores
with percentages. For example, an instructor might describe the results of an exam by saying
that 15% of the class earned As, 23% Bs, and so on. To compute the percentage associated
with each score, you first find the proportion (p) and then multiply by 100:percentage 5 ps100d 5
f s100dNPercentages can be included in a frequency distribution table by adding a column
headed with %. Example 2.4 demonstrates the process of adding proportions and percentages
to a frequency distribution table.The frequency distribution table from Example 2.2 is repeated
here. This time we have added columns showing the proportion (p) and the percentage (%)
associated with each score.Xfp =Nf % = p(100)5 11 = 0.10 10%104 22 = 0.20 20%103 33 =
0.30 30%102 33 = 0.30 30%1011110 = 0.10 10%■learning CheCk 1. For the following
frequency distribution, how many individuals had a score ofX = 2?a. 1 X fb. 25 1c. 3 4 2d. 4 3 42
31 22. The following is a distribution of quiz scores. If a score of X = 2 or lower is failing, then how
many individuals failed the quiz?a. 2X fb. 35 1c. 54 2d. 9 3 42 31 23. For the following frequency
distribution, what is ΣX2? a. 30X fb. 454 1c. 77 3 2d. (17)2 = 289 2 21 30 1answers 1. C, 2. C, 3.



B2.2 Grouped Frequency Distribution TablesLEARNING OBJECTIVE 3. Identify when it is useful
to set up a grouped frequency distribution table, and explain how to construct this type of table
for a set of scores.When the scores are whole numbers, the total number of rows for a regular
table can be obtained by finding the difference between the highest and the lowest scores and
adding 1:rows 5 highest 2 lowest 1 1When a set of data covers a wide range of values, it is
unreasonable to list all the individual scores in a frequency distribution table. Consider, for
example, a set of exam scores that range from a low of X = 41 to a high of X = 96. These scores
cover a range of more than 50 points.If we were to list all the individual scores from X = 96 down
to X = 41, it would take 56 rows to complete the frequency distribution table. Although this would
organize the data, the table would be long and cumbersome. Remember: The purpose for
constructing a table is to obtain a relatively simple, organized picture of the data. This can be
accomplished by grouping the scores into intervals and then listing the intervals in the table
instead of listing each individual score. For example, we could construct a table showing the
number of students who had scores in the 90s, the number with scores in the 80s, and so on.
The result is called a grouped frequency distribution table because we are presenting groups of
scores rather than individual values. The groups, or intervals, are called class intervals.There are
several guidelines that help guide you in the construction of a grouped frequency distribution
table. Note that these are simply guidelines, rather than absolute requirements, but they do help
produce a simple, well-organized, and easily understood table.GuIDElINE 1 The grouped
frequency distribution table should have about 10 class intervals. If a tablehas many more than
10 intervals, it becomes cumbersome and defeats the purpose of a frequency distribution table.
On the other hand, if you have too few intervals, you begin to lose information about the
distribution of the scores. At the extreme, with only one interval, the table would not tell you
anything about how the scores are distributed. Remember that the purpose of a frequency
distribution is to help a researcher see the data. With too few or too many intervals, the table will
not provide a clear picture. You should note that 10 intervals is a general guide. If you are
constructing a table on a blackboard, for example, you probably want only 5 or 6 intervals. If the
table is to be printed in a scientific report, you may want 12 or 15 intervals. In each case, your
goal is to present a table that is relatively easy to see and understand.GuIDElINE 2 The width of
each interval should be a relatively simple number. For example, 2, 5, 10, or20 would be a good
choice for the interval width. Notice that it is easy to count by 5s or10s. These numbers are easy
to understand and make it possible for someone to see quickly how you have divided the range
of scores.GuIDElINE 3 The bottom score in each class interval should be a multiple of the width.
If you are using a width of 10 points, for example, the intervals should start with 10, 20, 30, 40,
and so on. Again, this makes it easier for someone to understand how the table has been
constructed.GuIDElINE 4 All intervals should be the same width. They should cover the range of
scores completely with no gaps and no overlaps, so that any particular score belongs in exactly
one interval.The application of these rules is demonstrated in Example 2.5.example 2.5An
instructor has obtained the set of N = 25 exam scores shown here. To help organize these



scores, we will place them in a frequency distribution table. The scores are:82, 75, 88, 93, 53,
84, 87, 58, 72, 94, 69, 84, 61, 91, 64, 87, 84, 70, 76, 89, 75, 80, 73, 78, 60Remember, when the
scores are whole numbers, the number of rows is determined byhighest 2 lowest 1 1The first
step is to determine the range of scores. For these data, the smallest score is X = 53 and the
largest score is X = 94, so a total of 42 rows would be needed for a table that lists each
individual score. Because 42 rows would not provide a simple table, we have to group the scores
into class intervals.The best method for finding a good interval width is a systematic trial-and-
error approach that uses guidelines 1 and 2 simultaneously. Specifically, we want about 10
intervals and we want the interval width to be a simple number. For this example, the scores
cover a range of 42 points, so we will try several different interval widths to see how many
intervals are needed to cover this range. For example, if each interval were 2 points wide, it
would take 21 intervals to cover a range of 42 points. This is too many, so we move on to an
interval width of 5 or 10 points. The following table shows how many intervals would be needed
for these possible widths:Because the bottominterval usually extends below the lowest score
and the top intervalextends beyond the highest score, you often will need slightly more than the
computed number of intervals.Number of Intervals NeededWidth to Cover a Range of 42
Points2 21 (too many)5 9 (OK)10 5 (too few)Notice that an interval width of 5 will result in about
10 intervals, which is exactly what we want.The next step is to actually identify the intervals. The
lowest score for these data is X = 53, so the lowest interval should contain this value. Because
the interval should have a multiple of 5 as its bottom score, the interval should begin at 50. The
interval has a width of 5, so it should contain 5 values: 50, 51, 52, 53, and 54. Thus, the bottom
interval is 50–54. The next interval would start at 55 and go to 59. Note that this interval also has
a bottom score that is a multiple of 5, and contains exactly 5 scores (55, 56, 57, 58, and 59). The
complete frequency distribution table showing all of the class intervals is presented in Table
2.2.Table 2.2 This grouped frequency distribution table shows the data from Example 2.4. The
original scoresrange from a high of X = 94 to a low of X = 53. This range has been divided into 9
intervals with each interval exactly 5 points wide. The frequency column (f) lists the number of
individuals with scores in each of the class intervals.X f90–94 385–89 480–84 575–79 470–74
365–69 160–64 355–59 150–54 1Once the class intervals are listed, you complete the table by
adding a column of frequencies. The values in the frequency column indicate the number of
individuals who have scores located in that class interval. For this example, there were three
students with scores in the 60–64 interval, so the frequency for this class interval is f = 3 (see
Table 2.2). The basic table can be extended by adding columns showing the proportion and
percentage associated with each class interval.Finally, you should note that after the scores
have been placed in a grouped table, you lose information about the specific value for any
individual score. For example, Table 2.2 shows that one person had a score between 65 and 69,
but the table does not identify the exact value for the score. In general, the wider the class
intervals are, the more information is lost. In Table 2.2 the interval width is 5 points, and the table
shows that there are three people with scores in the lower 60s and one person with a score in



the upper 60s. This information would be lost if the interval width were increased to 10 points.
With an interval width of 10, all of the 60s would be grouped together into one interval labeled
60–69. The table would show a frequency of four people in the 60–69 interval, but it would not
tell whether the scores were in the upper 60s or the lower 60s. ■■ Real Limits and Frequency
DistributionsRecall from Chapter 1 that a continuous variable has an infinite number of possible
values and can be represented by a number line that is continuous and contains an infinite
number of points. However, when a continuous variable is measured, the resulting
measurements correspond to intervals on the number line rather than single points. If you are
measuring time in seconds, for example, a score of X = 8 seconds actually represents an
interval bounded by the real limits 7.5 seconds and 8.5 seconds. Thus, a frequency distribution
table showing a frequency of f = 3 individuals all assigned a score of X = 8 does not mean that
all three individuals had exactly the same measurement. Instead, you should realize that the
three measurements are simply located in the same interval between 7.5 and 8.5.The concept
of real limits also applies to the class intervals of a grouped frequency distribution table. For
example, a class interval of 40–49 contains scores from X= 40 to X= 49. These values are called
the apparent limits of the interval because it appears that they form the upper and lower
boundaries for the class interval. If you are measuring a continuous variable, however, a score of
X = 40 is actually an interval from 39.5 to 40.5. Similarly, X = 49 is an interval from 48.5–49.5.
Therefore, the real limits of the interval are 39.5 (the lower real limit) and 49.5 (the upper real
limit). Notice that the next higher class interval is 50–59, which has a lower real limit of 49.5.
Thus, the two intervals meet at the real limit 49.5, so there are no gaps in the scale. You also
should notice that the width of each class interval becomes easier to understand when you
consider the real limits of an interval. For example, the interval 50–59 has real limits of 49.5 and
59.5. The distance between these two real limits (10 points) is the width of the interval.learning
CheCk 1. For this distribution, how many individuals had scores lower than X = 20? a. 2X fb. 3
24–25 2c. 4 22–23 4d. cannot be determined20–21 618–19 316–17 12. In a grouped frequency
distribution one interval is listed as 20–24. Assuming that the scores are measuring a continuous
variable, what is the width of this interval? a. 3 pointsb. 4 pointsc. 5 pointsd. 54 points3. A set of
scores ranges from a high of X = 48 to a low of X = 13. If these scores are placed in a grouped
frequency distribution table with an interval width of 5 points, the bottom interval in the table
would be _______.a. 13–18b. 13–19c. 10–14d. 10–15answers 1. C, 2. C, 3. C2.3 Frequency
Distribution GraphsLEARNING OBJECTIVEs 4. Describe how the three types of frequency
distribution graphs—histograms, polygons, and bar graphs—are constructed and identify when
each is used. 5. Describe the basic elements of a frequency distribution graph and explain how
they are related to the original set of scores.6. Explain how frequency distribution graphs for
populations differ from the graphs used for samples.7. Identify the shape—symmetrical, and
positively or negatively skewed—of a distribution in a frequency distribution graph.A frequency
distribution graph is basically a picture of the information available in a frequency distribution
table. We will consider several different types of graphs, but all start with two perpendicular lines



called axes. The horizontal line is the X-axis, or the abscissa (ab-SIS-uh). The vertical line is the
Y-axis, or the ordinate. The measurement scale (set of X values) is listed along the X-axis with
values increasing from left to right. The frequencies are listed on the Y-axis with values
increasing from bottom to top. As a general rule, the point where the two axes intersect should
have a value of zero for both the scores and the frequencies. A final general rule is that the graph
should be constructed so that its height (Y-axis) is approximately two-thirds to three-quarters of
its length (X-axis). Violating these guidelines can result in graphs that give a misleading picture
of the data (see Box 2.1).■■ Graphs for Interval or Ratio DataWhen the data consist of
numerical scores that have been measured on an interval or ratio scale, there are two options for
constructing a frequency distribution graph. The two types of graphs are called histograms and
polygons.Histograms To construct a histogram, you first list the numerical scores (the categories
of measurement) along the X-axis. Then you draw a bar above each X value so thata. The height
of the bar corresponds to the frequency for that category. b. For continuous variables, the width
of the bar extends to the real limits of the category. For discrete variables, each bar extends
exactly half the distance to theadjacent category on each side.For both continuous and discrete
variables, each bar in a histogram extends to the midpoint between adjacent categories. As a
result, adjacent bars touch and there are no spaces or gaps between bars. An example of a
histogram is shown in Figure 2.2.When data have been grouped into class intervals, you can
construct a frequency distribution histogram by drawing a bar above each interval so that the
width of the bar extends exactly half the distance to the adjacent category on each side. This
process is demonstrated in Figure 2.3.For the two histograms shown in Figures 2.2 and 2.3,
notice that the values on both the vertical and horizontal axes are clearly marked and that both
axes are labeled. Also note that, whenever possible, the units of measurement are specified; for
example, Figure 2.3 shows a distribution of heights measured in inches. Finally, notice that the
horizontal axis in Figure 2.3 does not list all of the possible heights starting from zero and going
up to 48 inches. Instead, the graph clearly shows a break between zero and 30, indicating that
some scores have been omitted.4 X f 5 23 4 33 42 2 21 1Figure 2.2 1An example of a frequency
distribution histogram. The same set of quizscores is presented in a frequency 1 2 34 5
distribution table and in a histogram. Quiz scores (number correct)6 X f5 44–45 1Figure 2.34 42–
43 2An example of a frequency 340–41 4distribution histogram for 2 38–39 6grouped data. The
same36–37 21 34–35 3set of children’s heights ispresented in a frequencydistribution table and
in ahistogram.32–33 430 31 32 33 34 35 36 37 38 39 40 41 42 43 44 4530–31 2 Children’s
heights (in inches)Figure 2.4A frequency distribution graph in which each individual is
represented by a block placed directly abovethe individual’s score. Forexample, three people
had x scores of X = 2. 1 2 3 4 5 6 7 A Modified Histogram A slight modification to the traditional
histogram produces a very easy to draw and simple to understand sketch of a frequency
distribution. Instead of drawing a bar above each score, the modification consists of drawing a
stack of blocks. Each block represents one individual, so the number of blocks above each
score corresponds to the frequency for that score. An example is shown in Figure 2.4.Note that



the number of blocks in each stack makes it very easy to see the absolute frequency for each
category. In addition, it is easy to see the exact difference in frequency from one category to
another. In Figure 2.4, for example, there are exactly two more people with scores of X = 2 than
with scores of X = 1. Because the frequencies are clearly displayed by the number of blocks, this
type of display eliminates the need for a vertical line (the Y-axis) showing frequencies. In
general, this kind of graph provides a simple and concrete picture of the distribution for a sample
of scores. Note that we often will use this kind of graph to show sample data throughout the rest
of the book. You should also note, however, that this kind of display simply provides a sketch of
the distribution and is not a substitute for an accurately drawn histogram with two labeled
axes.Polygons The second option for graphing a distribution of numerical scores from an interval
or ratio scale of measurement is called a polygon. To construct a polygon, you begin by listing
the numerical scores (the categories of measurement) along the X-axis. Then,a. A dot is
centered above each score so that the vertical position of the dot corresponds to the frequency
for the category.b. A continuous line is drawn from dot to dot to connect the series of dots.c. The
graph is completed by drawing a line down to the X-axis (zero frequency) at each end of the
range of scores. The final lines are usually drawn so that they reach the X-axis at a point that is
one category below the lowest score on the left side and one category above the highest score
on the right side. An example of a polygon is shown in Figure 2.5.A polygon also can be used
with data that have been grouped into class intervals. For a grouped distribution, you position
each dot directly above the midpoint of the class interval. The midpoint can be found by
averaging the highest and the lowest scores in the interval. For example, a class interval that is
listed as 20–29 would have a midpoint of 24.5.midpoint 5 20 1 29 5 49 5 24.52 2An example of a
frequency distribution polygon with grouped data is shown in Figure 2.6.■■ Graphs for Nominal
or Ordinal DataWhen the scores are measured on a nominal or ordinal scale (usually non-
numerical values), the frequency distribution can be displayed in a bar graph.Xf 6 14 5 24 23 42
23 1 12Figure 2.5An example of a frequency 1distribution polygon. The same setof data is
presented in a frequency 1234567 distribution table and in a polygon. Scores 54 Xf 12–13 43 10–
11 58–9 3Figure 2.62 6–7 3An example of a frequency 4–5 2distribution polygon for 1grouped
data. The sameset of data is presented in afrequency distribution table 12 34 56 78 911121314
and in a polygon. ScoresBar Graphs A bar graph is essentially the same as a histogram, except
that spaces are left between adjacent bars. For a nominal scale, the space between bars
emphasizes that the scale consists of separate, distinct categories. For ordinal scales, separate
bars are used because you cannot assume that the categories are all the same size.To
construct a bar graph, list the categories of measurement along the X-axis and then draw a bar
above each category so that the height of the bar corresponds to the frequency for the category.
An example of a bar graph is shown in Figure 2.7.■■ Graphs for Population DistributionsWhen
you can obtain an exact frequency for each score in a population, you can construct frequency
distribution graphs that are exactly the same as the histograms, polygons, and bar graphs that
are typically used for samples. For example, if a population is defined as a specific group of N =



50 people, we could easily determine how many have IQs of X = 110. However, if we were
interested in the entire population of adults in the United States, it would be impossible to obtain
an exact count of the number of people with an IQ of 110. Although it is still possible to construct
graphs showing frequency distributions for extremely large populations, the graphs usually
involve two special features: relative frequencies and smooth curves.2015Figure 2.710A bar
graph showing the distribution ofpersonality types in a sample of college 5students. Because
personality type is adiscrete variable measured on a nomi0 AB Cnal scale, the graph is drawn
with spacebetween the bars. Personality typeFigure 2.8A frequency distribution showing the
relativefrequency of females and males in the UnitedStates. Note that the exact number of
individuals isnot known. The graph simply shows that there areslightly more females than males.
Females MalesRelative Frequencies Although you usually cannot find the absolute frequency for
each score in a population, you very often can obtain relative frequencies. For example, no one
knows the exact number of male and female human beings living in the United States because
the exact numbers keep changing. However, based on past census data and general trends, we
can estimate that the two numbers are very close, with women slightly outnumbering men. You
can represent these relative frequencies in a bar graph by making the bar above female slightly
taller than the bar above male (Figure 2.8). Notice that the graph does not show the absolute
number of people. Instead, it shows the relative number of females and males.Smooth Curves
When a population consists of numerical scores from an interval or a ratio scale, it is customary
to draw the distribution with a smooth curve instead of the jagged, step-wise shapes that occur
with histograms and polygons. The smooth curve indicates that you are not connecting a series
of dots (real frequencies) but instead are showing the relative changes that occur from one
score to the next. One commonly occurring population distribution is the normal curve. The word
normal refers to a specific shape that can be precisely defined by an equation. Less precisely,
we can describe a normal distribution as being symmetrical, with the greatest frequency in the
middle and relatively smaller frequencies as you move toward either extreme. A good example of
a normal distribution is the population distribution for IQ scores shown in Figure 2.9. Because
normal-shapedFigure 2.9The population distributionof IQ scores; an example of 70 85 100 115
130 a normal distribution. IQ scoresdistributions occur commonly and because this shape is
mathematically guaranteed in certain situations, we give it extensive attention throughout this
book.In the future, we will be referring to distributions of scores. Whenever the term distribution
appears, you should conjure up an image of a frequency distribution graph. The graph provides
a picture showing exactly where the individual scores are located. To make this concept more
concrete, you might find it useful to think of the graph as showing a pile of individuals just like we
showed a pile of blocks in Figure 2.3. For the population of IQ scores shown in Figure 2.9, the
pile is highest at an IQ score around 100 because most people have average IQs. There are only
a few individuals piled up at an IQ of 130; it must be lonely at the top.box 2.1 The Use and
Misuse Of GraphsAlthough graphs are intended to provide an accurate picture of a set of data,
they can be used to exaggerate or misrepresent a set of scores. These misrepresentations



generally result from failing to follow the basic rules for graph construction. The following
example demonstrates how the same set of data can be presented in two entirely different ways
by manipulating the structure of a graph.For the past several years, the city has kept records of
the number of homicides. The data are summarized as follows:44Year Number of
Homicides2011 422012 442013 472014 49These data are shown in two different graphs in
Figure 2.10. In the first graph, we have exaggerated the height and started numbering the Y-axis
at 40 rather than at zero. As a result, the graph seems to indicate a rapid rise in the number of
homicides over the 4-year period. In the second graph, we have stretched out the X-axis and
used zero as the starting point for the Y-axis. The result is a graph that shows little change in the
homicide rate over the 4-year period.Which graph is correct? The answer is that neither one is
very good. Remember that the purpose of a graph is to provide an accurate display of the data.
The first graph in Figure 2.10 exaggerates the differences between years, and the second graph
conceals the differences. Some compromise is needed. Also note that in some cases a graph
may not be the best way to display information. For these data, for example, showing the
numbers in a table would be better than either graph.5048464211 12 13 14 Year 6040202011
2012 2013 2014 YearFigure 2.10Two graphs showing the number of homicides in a city over a 4-
year period. Both graphs show exactly the same data. However, the first graph gives the
appearance that the homicide rate is high and rising rapidly.The second graph gives the
impression that the homicide rate is low and has not changed over the 4-year period.■ The
Shape of a Frequency DistributionRather than drawing a complete frequency distribution graph,
researchers often simply describe a distribution by listing its characteristics. There are three
characteristics that completely describe any distribution: shape, central tendency, and variability.
In simple terms, central tendency measures where the center of the distribution is located and
variability measures the degree to which the scores are spread over a wide range or are
clustered together. Central tendency and variability are covered in detail in Chapters 3 and 4.
Technically, the shape of a distribution is defined by an equation that prescribes the exact
relationship between each X and Y value on the graph. However, we will rely on a few less-
precise terms that serve to describe the shape of most distributions.Nearly all distributions can
be classified as being either symmetrical or skewed.DEFINITIoNS In a symmetrical distribution,
it is possible to draw a vertical line through the middle so that one side of the distribution is a
mirror image of the other (Figure 2.11). In a skewed distribution, the scores tend to pile up
toward one end of the scale and taper off gradually at the other end (see Figure 2.11).The
section where the scores taper off toward one end of a distribution is called the tail of the
distribution.A skewed distribution with the tail on the right-hand side is positively skewed
because the tail points toward the positive (above-zero) end of the X-axis. If the tail points to the
left, the distribution is negatively skewed (see Figure 2.11).For a very difficult exam, most scores
tend to be low, with only a few individuals earning high scores. This produces a positively
skewed distribution. Similarly, a very easy exam tends to produce a negatively skewed
distribution, with most of the students earning high scores and only a few with low values.Not all



distributions are perfectly symmetrical or obviously skewed in one direction. Therefore, it is
common to modify these descriptions of shape with phrases likely “roughly symmetrical” or
“tends to be positively skewed.” The goal is to provide a general idea of the appearance of the
distribution.Symmetrical distributionsSkewed distributionsFigure 2.11Examples of
differentshapes for distributions. Positive skew Negative skewlearning CheCk 1. The seminar
rooms in the library are identified by letters (A, B, C, and so on). Aprofessor records the number
of classes held in each room during the fall semester. If these values are presented in a
frequency distribution graph, what kind of graph would be appropriate?a. a histogramb. a
polygonc. a histogram or a polygond. a bar graph2. A group of quiz scores ranging from 4–9 are
shown in a histogram. If the bars in the histogram gradually increase in height from left to right,
what can you conclude about the set of quiz scores?a. There are more high scores than there
are low scores.b. There are more low scores than there are high scores.c. The height of the bars
always increases as the scores increase.d. None of the above3. If a frequency distribution graph
is drawn as a smooth curve, it is probably showing a ______ distribution.a. sampleb.
populationc. skewedd. symmetrical4. A set of scores is presented in a frequency distribution
histogram. If the histogram shows a series of bars that tend to decrease in height from left to
right, then what is the shape of the distribution?a. symmetricalb. positively skewedc. negatively
skewedd. normalanswers 1. D, 2. A, 3. B, 4. B2.4 Percentiles, Percentile Ranks, and
InterpolationLEARNING OBJECTIVEs 8. Define percentiles and percentile ranks.9. Determine
percentiles and percentile ranks for values corresponding to real limits in a frequency distribution
table.10. Estimate percentiles and percentile ranks using interpolation for values that do not
correspond to real limits in a frequency distribution table.Although the primary purpose of a
frequency distribution is to provide a description of an entire set of scores, it also can be used to
describe the position of an individual within the set. Individual scores, or X values, are called raw
scores. By themselves, raw scores do not provide much information. For example, if you are told
that your score on an exam is X = 43, you cannot tell how well you did relative to other students
in the class. To evaluate your score, you need more information, such as the average score or
the number of people who had scores above and below you. With this additional information,
you would be able to determine your relative position in the class. Because raw scores do not
provide much information, it is desirable to transform them into a more meaningful form. One
transformation that we will consider changes raw scores into percentiles.DEFINITIoNS The rank
or percentile rank of a particular score is defined as the percentage of individuals in the
distribution with scores at or below the particular value. When a score is identified by its
percentile rank, the score is called a percentile.Suppose, for example, that you have a score of X
= 43 on an exam and that you know that exactly 60% of the class had scores of 43 or lower.
Then your score X = 43 has a percentile rank of 60%, and your score would be called the 60th
percentile. Notice that percentile rank refers to a percentage and that percentile refers to a score.
Also notice that your rank or percentile describes your exact position within the distribution.■■
Cumulative Frequency and Cumulative PercentageTo determine percentiles or percentile ranks,



the first step is to find the number of individuals who are located at or below each point in the
distribution. This can be done most easily with a frequency distribution table by simply counting
the number of scores that are in or below each category on the scale. The resulting values are
called cumulative frequencies because they represent the accumulation of individuals as you
move up the scale.example 2.6 In the following frequency distribution table, we have included a
cumulative frequency column headed by cf. For each row, the cumulative frequency value is
obtained by adding up the frequencies in and below that category. For example, the score X = 3
has a cumulative frequency of 14 because exactly 14 individuals had scores of X = 3 or less.X F
cf5 1 204 5 193 8 142 4 61 2 2■The cumulative frequencies show the number of individuals
located at or below each score. To find percentiles, we must convert these frequencies into
percentages. The resulting values are called cumulative percentages because they show the
percentage of individuals who are accumulated as you move up the scale.example 2.7This time
we have added a cumulative percentage column (c%) to the frequency distribution table from
Example 2.6. The values in this column represent the percentage of individuals who are located
in and below each category. For example, 70% of the individuals (14 out of 20) had scores of X =
3 or lower. Cumulative percentages can be computed byc% 5 cf s100%dNX f Cf c%5 1 20
100%4 5 19 95%3 8 14 70%2 4 6 30%1 2 2 10%■The cumulative percentages in a frequency
distribution table give the percentage of individuals with scores at or below each X value.
However, you must remember that the X values in the table are usually measurements of a
continuous variable and, therefore, represent intervals on the scale of measurement (see page
20). A score of X = 2, for example, means that the measurement was somewhere between the
real limits of 1.5 and 2.5. Thus, when a table shows that a score of X = 2 has a cumulative
percentage of 30%, you should interpret this as meaning that 30% of the individuals have been
accumulated by the time you reach the top of the interval for X = 2. Notice that each cumulative
percentage value is associated with the upper real limit of its interval. This point is demonstrated
in Figure 2.12, which shows the same data that were used in Example 2.7. Figure 2.12 shows
that two people, or 10%, had scores of X = 1; that is, two people had scores between 0.5 and
1.5. You cannot be sure that both individuals have been accumulated until you reach 1.5, the
upper real limit of the interval. Similarly, a cumulative percentage of 30% is reached at 2.5 on the
scale, a percentage of 70% is reached at 3.5, and so on.■■ InterpolationIt is possible to
determine some percentiles and percentile ranks directly from a frequency distribution table,
provided the percentiles are upper real limits and the ranks arecf = 20cf = 19Figure 2.12The
relationship between cumulative frequencies (cf values) and upper real limits. Notice that two
people have scores of X = 1. These two individuals are located between the real limits of 0.5 and
1.5.cf = 14cf = 6cf = 2cf = 0 X = 1 X = 2 X = 3 X = 4 X = 5Although their exact locations f = 2 f = 4
f = 8 f = 5 f = 1are not known, you can becertain that both had scoresbelow the upper limit of 1.5.
0.5 1.5 2.5 3.5 4.5 5.5percentages that appear in the table. Using the table in Example 2.7, for
example, you should be able to answer the following questions:1. What is the 95th percentile?
(Answer: X = 4.5.)2. What is the percentile rank for X = 3.5? (Answer: 70%.)However, there are



many values that do not appear directly in the table, and it is impossible to determine these
values precisely. Referring to the table in Example 2.7 again,1. What is the 50th percentile?2.
What is the percentile rank for X = 4?Because these values are not specifically reported in the
table, you cannot answer the questions. However, it is possible to estimate these intermediate
values by using a procedure known as interpolation.Before we apply the process of interpolation
to percentiles and percentile ranks, we will use a simple, commonsense example to introduce
this method. Suppose that your friend offers you $60 to work for 8 hours on Saturday helping
with spring cleaning in the house and yard. On Saturday morning, however, you realize that you
have an appointment in the afternoon and will have to quit working after only 4 hours. What is a
fair amount for your friend to pay you for 6 hours of work? Because this is a working-for-pay
example, your automatic response probably is to calculate the hourly rate of pay —how many
dollars per hour you are getting. However, the process of interpolation offers an alternative
method for finding the answer. We begin by noting that the original total amount of time was 8
hours. You worked 4 hours, which corresponds to12 of the total time. Therefore, a fair
paymentwould be1 of the original total amount: 12 2 of $60 is $30.The process of interpolation is
pictured in Figure 2.13. In the figure, the line on the left shows the time for your agreed work,
from 0 up to 8 hours, and the line on the right shows the agreed pay, from 0 to $60. We also have
marked different fractions along the way. Using the figure, try answering the following questions
about time and pay.1. How long should you work to earn $45?2. How much should you be paid
after working 2 hours?If you got answers of 6 hours and $15, you have mastered the process of
interpolation.Notice that interpolation provides a method for finding intermediate values—that is,
values that are located between two specified numbers. This is exactly the problem we faced
with percentiles and percentile ranks. Some values are given in the table, but others are not.
Also notice that interpolation only estimates the intermediate values. The basic assumption
underlying interpolation is that there is a constant rate of change from one end of the interval to
the other. In the working-for-pay example, we assume a constant rate of pay for the entire job.
Because interpolation is based on this assumption, the values we calculate are only estimates.
The general process of interpolation can be summarized as follows:1. A single interval is
measured on two separate scales (for example, time and dollars). The endpoints of the interval
are known for each scale.2. You are given an intermediate value on one of the scales. The
problem is to find the corresponding intermediate value on the other scale.3. The interpolation
process requires four steps:a. Find the width of the interval on both scales.End Time8 hours Pay
$60 Known valuesFigure 2.13A visual representation of the process of interpolation. One
interval is shown on two different scales, time and pay. Only the endpoints of the scales are
known. You start at 0 for both time and pay, and end at 8 hours and $60. Interpolation is used to
estimate values within the interval by assuming that fractional portions of one scale correspond
to the same fractional portions of the other scale.6 hours3 $4544 hours1 $30 Estimated
values22 hours1 $154Start 0 hours $0 Known valuesb. Locate the position of the intermediate
value in the interval. This position corresponds to a fraction of the whole interval:You may notice



that in each of these problems we use interpolation working from the top of the interval.
However, this choice is arbitrary, and you should realize that interpolation can be done just as
easily working from the bottom of the interval.fraction5distance from the top of the interval
interval widthc. Use the same fraction to determine the corresponding position on the other
scale. First, use the fraction to determine the distance from the top of the interval:distance =
(fraction) × (width)d. Use the distance from the top to determine the position on the other
scale.The following examples demonstrate the process of interpolation as it is applied to
percentiles and percentile ranks. The key to success in solving these problems is that each
cumulative percentage in the table is associated with the upper real limit of its score
interval.example 2.8STEP 1STEP 2STEP 3STEP 4Using the following distribution of scores, we
will find the percentile rank corresponding to X = 7.0:X f cf c%10 2 25 100% 9 8 23 92% 8 4 15
60% 7 6 11 44% 6 4 5 20% 5 1 1 4%Notice that X = 7.0 is located in the interval bounded by the
real limits of 6.5 and 7.5. The cumulative percentages corresponding to these real limits are 20%
and 44%, respectively. These values are shown in the following table:Scores (X)
PercentagesTop 7.5 44%Intermediate value → 7.0 ?Bottom 6.5 20%For interpolation problems,
it is always helpful to create a table showing the range on both scales.For the scores, the width
of the interval is 1 point (from 6.5–7.5). For the percentages, the width is 24 points (from 20–
44%).Our particular score is located 0.5 point from the top of the interval. This is exactly halfway
down in the interval.On the percentage scale, halfway down is12 (24 points) = 12 pointsFor the
percentages, the top of the interval is 44%, so 12 points down would be 44% – 12% = 32%This
is the answer. A score of X = 7.0 corresponds to a percentile rank of 32% ■This same
interpolation procedure can be used with data that have been grouped into class intervals. Once
again, you must remember that the cumulative percentage values are associated with the upper
real limits of each interval. The following example demonstrates the calculation of percentiles
and percentile ranks using data in a grouped frequency distribution.example 2.9 Using the
following distribution of scores, we will use interpolation to find the 40th percentile:X F cf c%20–
24 2 20 100%15–19 3 18 90%10–14 3 15 75% 5–9 10 12 60% 0–4 2 2 10%A percentage value
of 40% is not given in the table; however, it is located between 10% and 60%, which are given.
These two percentage values are associated with the upper real limits of 4.5 and 9.5,
respectively. These values are shown in the following table:Scores (X) PercentagesTop 9.5
60%? 40% Intermediate valueBottom 4.5 10%STEP 1 For the scores, the width of the interval is
5 points. For the percentages, the width is 50 points.STEP 2 The value of 40% is located 20
points from the top of the percentage interval. As a fraction of the whole interval, this is 20 out of
50, or25 of the total interval.STEP 3 Using this same fraction for the scores, we obtain a distance
of25 (5 points) = 2 pointsThe location we want is 2 points down from the top of the score
interval.STEP 4 Because the top of the interval is 9.5, the position we want is 9.5 – 2 = 7.5 This
is the answer. The 40th percentile is X = 7.5. ■The following example is an opportunity for you to
test your understanding by doing interpolation yourself.example 2.10 Using the frequency
distribution table in Example 2.9, use interpolation to find the percentile rank for X = 9.0. You



should obtain 55%. Good luck. ■learning CheCk 1. In a distribution of exam scores, which of the
following would be the highest score? a. the 20th percentileb. the 80th percentilec. a score with a
percentile rank of 15%d. a score with a percentile rank of 75%2. Following are three rows from a
frequency distribution table. For this distribution, what is the 90th percentile?a. X = 24.5X c%b. X
= 2530–34 100%c. X = 29 25–29 90%d. X = 29.520–24 60%3. Following are three rows from a
frequency distribution table. Using interpolation, what is the percentile rank for X = 18?a. 52.5%X
c%b. 30% 20–24 60%c. 29% 15–19 35%d. 25% 10–14 15%answers 1. B, 2. D, 3. C2.5 Stem and 
Leaf DisplaysLEARNING OBJECTIVE 11. Describe the basic elements of a stem and leaf
display and explain how the display shows the entire distribution of scores.In 1977, J.W. Tukey
presented a technique for organizing data that provides a simple alternative to a grouped
frequency distribution table or graph (Tukey, 1977). This technique, called a stem and leaf
display, requires that each score be separated into two parts: The first digit (or digits) is called
the stem, and the last digit is called the leaf. For example, X = 85 would be separated into a stem
of 8 and a leaf of 5. Similarly, X = 42 would have a stem of 4 and a leaf of 2. To construct a stem
and leaf display for a set of data, the first step is to list all the stems in a column. For the data in
Table 2.3, for example, the lowest scores are in the 30s and the highest scores are in the 90s, so
the list of stems would beStems3456789The next step is to go through the data, one score at a
time, and write the leaf for each score beside its stem. For the data in Table 2.3, the first score is
X = 83, so you would write 3 (the leaf) beside the 8 in the column of stems. This process is
continued for the entire set of scores. The complete stem and leaf display is shown with the
original data in Table 2.3.■■ Comparing Stem and Leaf Displays with Frequency Distributions
Notice that the stem and leaf display is very similar to a grouped frequency distribution. Each of
the stem values corresponds to a class interval. For example, the stem 3 represents SEcTIoN
2.5 | Stem and Leaf Displays 57Table 2.3A set of N = 24 scores presented as raw data and
organized in a stem and leaf display.Data Stem and Leaf Display83 82 63 3 2362 93 78 4 2671
68 33 5 627976 52 97 6 28385 42 46 7 164384632 57 59 8 352156 73 74 9 3774 81 76all
scores in the 30s—that is, all scores in the interval 30–39. The number of leaves in the display
shows the frequency associated with each stem. It also should be clear that the stem and leaf
display has one important advantage over a traditional grouped frequency distribution.
Specifically, the stem and leaf display allows you to identify every individual score in the data. In
the display shown in Table 2.3, for example, you know that there were three scores in the 60s
and that the specific values were 62, 68, and 63. A frequency distribution would tell you only the
frequency, not the specific values. This advantage can be very valuable, especially if you need to
do any calculations with the original scores. For example, if you need to add all the scores, you
can recover the actual values from the stem and leaf display and compute the total. With a
grouped frequency distribution, however, the individual scores are not available.learning
CheCkanswers1. For the scores shown in the following stem and leaf display, what is the lowest
score in the distribution? 9 374a. 7 8 945b. 15 7 7042c. 50 6 68d. 51 5 142. For the scores shown 
in the following stem and leaf display, how many people had scores in the 70s? 9 374a. 1 8



945b. 2 7 7042c. 3 6 68d. 4 5 141. D, 2. DS U M M A rY1. The goal of descriptive statistics is to
simplify the type of graph used to display a distribution depends organization and presentation
of data. One descriptive on the scale of measurement used. For interval or ratio technique is to
place the data in a frequency distriscales, you should use a histogram or a polygon. For a bution
table or graph that shows exactly how many histogram, a bar is drawn above each score so that
the individuals (or scores) are located in each category on height of the bar corresponds to the
frequency. Each bar the scale of measurement. extends to the real limits of the score, so that
adjacent2. A frequency distribution table lists the categories that bars touch. For a polygon, a dot
is placed above the midmake up the scale of measurement (the X values) in point of each score
or class interval so that the heightone column. Beside each X value, in a second column, of the
dot corresponds to the frequency; then lines are is the frequency or number of individuals in that
drawn to connect the dots. Bar graphs are used with category. The table may include a
proportion column nominal or ordinal scales. Bar graphs are similar to hisshowing the relative
frequency for each category: tograms except that gaps are left between adjacent bars. 5. Shape
is one of the basic characteristics used to describe proportion5p5f a distribution of scores. Most
distributions can be clasnsified as either symmetrical or skewed. A skewed distribution that tails
off to the right is positively skewed. If it The table may include a percentage column showing tails
off to the left, it is negatively skewed. the percentage associated with each X value: 6. The
cumulative percentage is the percentage of findividuals with scores at or below a particular point
s100d in the distribution. The cumulative percentage values percentage 5 ps100d 5 n are
associated with the upper real limits of the corresponding scores or intervals.3. It is
recommended that a frequency distribution table 7. Percentiles and percentile ranks are used to
describe have a maximum of 10–15 rows to keep it simple. If the position of individual scores
within a distribution. the scores cover a range that is wider than this sugPercentile rank gives the
cumulative percentage assogested maximum, it is customary to divide the range ciated with a
particular score. A score that is identified into sections called class intervals. These intervals are
by its rank is called a percentile.then listed in the frequency distribution table alongwith the
frequency or number of individuals with 8. When a desired percentile or percentile rank is
located scores in each interval. The result is called a grouped between two known values, it is
possible to estimate frequency distribution. The guidelines for constructing the desired value
using the process of interpolation. a grouped frequency distribution table are as follows:
Interpolation assumes a regular linear change between a. There should be about 10 intervals.
the two known values.b. The width of each interval should be a simple num9. A stem and leaf
display is an alternative procedure for ber (e.g., 2, 5, or 10).c. The bottom score in each interval
should be a multiple of the width.d. All intervals should be the same width, and theyshould cover
the range of scores with no gaps.4. A frequency distribution graph lists scores on thehorizontal
axis and frequencies on the vertical axis. Theorganizing data. Each score is separated into a
stem (the first digit or digits) and a leaf (the last digit). The display consists of the stems listed in
a column with the leaf for each score written beside its stem. A stem and leaf display is similar to



a grouped frequency distribution table, however the stem and leaf display identifies the exact
value of each score and the grouped frequency distribution does not.KeY terMSfrequency
distribution (35)range (38)grouped frequency distribution (39) class interval (39)apparent limits
(41)histogram (42)polygon (44)bar graph (45)relative frequency (46) symmetrical distribution
(48) tail(s) of a distribution (48)positively skewed distribution (48) negatively skewed distribution
(48) percentile (50)percentile rank (50)cumulative frequency (cf) (61) cumulative percentage (c
%) (50) interpolation (51)stem and leaf display (56)FocuS oN PRoblEm SolVING
59SpSS®General instructions for using SPSS are presented in Appendix D. Following are
detailed instructions for using SPSS to produce Frequency Distribution Tables or
Graphs.FREquENcY DISTRIbuTIoN TablESData Entry1. Enter all the scores in one column of
the data editor, probably VAR00001.Data Analysis1. Click Analyze on the tool bar, select
Descriptive Statistics, and click on Frequencies.2. Highlight the column label for the set of
scores (VAR00001) in the left box and click the arrow to move it into the Variable box.3. Be sure
that the option to Display Frequency Table is selected.4. Click OK.SPSS OutputThe frequency
distribution table will list the score values in a column from smallest to largest, with the
percentage and cumulative percentage also listed for each score. Score values that do not occur
(zero frequencies) are not included in the table, and the program does not group scores into
class intervals (all values are listed).FREquENcY DISTRIbuTIoN hISToGRamS oR baR
GRaPhSData Entry1. Enter all the scores in one column of the data editor, probably
VAR00001.Data Analysis1. Click Analyze on the tool bar, select Descriptive Statistics, and click
on Frequencies.2. Highlight the column label for the set of scores (VAR00001) in the left box and
click the arrow to move it into the Variable box.3. Click Charts.4. Select either Bar Graphs or
Histogram.5. Click Continue.6. Click OK.SPSS OutputSPSS will display a frequency distribution
table and a graph. Note that SPSS often produces a histogram that groups the scores in
unpredictable intervals. A bar graph usually produces a clearer picture of the actual frequency
associated with each score.FOcUs On PrObleM sOlvinG1. When constructing or working with a
grouped frequency distribution table, a common mistake is to calculate the interval width by
using the highest and lowest values that define each interval. For example, some students are
tricked into thinking that an interval identified as 20–24 is only 4 points wide. To determine the
correct interval width, you cana. Count the individual scores in the interval. For this example, the
scores are 20, 21, 22,23, and 24 for a total of 5 values. Thus, the interval width is 5 points. b. Use
the real limits to determine the real width of the interval. For example, an intervalidentified as 20–
24 has a lower real limit of 19.5 and an upper real limit of 24.5(halfway to the next score). Using
the real limits, the interval width is24.5 – 19.5 = 5 points2. Percentiles and percentile ranks are
intended to identify specific locations within a distribution of scores. When solving percentile
problems, especially with interpolation, it is helpful to sketch a frequency distribution graph. Use
the graph to make a preliminary estimate of the answer before you begin any calculations. For
example, to find the 60th percentile, you would want to draw a vertical line through the graph so
that slightly more than half (60%) of the distribution is on the left-hand side of the line. Locating



this position in your sketch will give you a rough estimate of what the final answer should be.
When doing interpolation problems, you should keep several points in mind:a. Remember that
the cumulative percentage values correspond to the upper real limits ofeach score or interval.b.
You should always identify the interval with which you are working. The easiest wayto do this is
to create a table showing the endpoints on both scales (scores and cumulative percentages).
This is illustrated in Example 2.8 on page 54.DeMOnsTraTiOn 2.1a GRouPED FREquENcY
DISTRIbuTIoN TablEFor the following set of N = 20 scores, construct a grouped frequency
distribution table using an interval width of 5 points. The scores are:14, 8, 27, 16, 10, 22, 9, 13,
16, 12, 10, 9, 15, 17, 6, 14, 11, 18, 14, 11STEP 1 Set up the class intervals.The largest score in
this distribution is X = 27, and the lowest is X = 6. Therefore, a frequency distribution table for
these data would have 22 rows and would be too large. A grouped frequency distribution table
would be better. We have asked specifically for an interval width of five points, and the resulting
table has five rows.X25–2920–2415–1910–145–9Remember that the interval width is
determined by the real limits of the interval. For example, the class interval 25–29 has an upper
real limit of 29.5 and a lower real limit of 24.5. The difference between these two values is the
width of the interval—namely, 5.DEmoNSTRaTIoN 2.2 61STEP 2 Determine the frequencies for
each interval.Examine the scores, and count how many fall into the class interval of 25–29.
Cross out each score that you have already counted. Record the frequency for this class interval.
Now repeat this process for the remaining intervals. The result is the following table:X f25–29 1
(the score X = 27)20–24 1 (X = 22)15–19 5 (the scores X = 16, 16, 15, 17, and 18) 10–14 9 (X =
14, 10, 13, 12, 10, 14, 11, 14, and 11) 5–9 4 (X = 8, 9, 9, and 6)DeMOnsTraTiOn 2.2uSING
INTERPolaTIoN To FIND PERcENTIlES aND PERcENTIlE RaNKS Find the 50th percentile for
the set of scores in the grouped frequency distribution table that was constructed in
Demonstration 2.1.STEP 1 Find the cumulative frequency (cf) and cumulative percentage
values, and add these values to the basic frequency distribution table.Cumulative frequencies
indicate the number of individuals located in or below each category (class interval). To find
these frequencies, begin with the bottom interval, and then accumulate the frequencies as you
move up the scale. For this example, there are 4 individuals who are in or below the 5–9 interval
(cf = 4). Moving up the scale, the 10–14 interval contains an additional 9 people, so the
cumulative value for this interval is 9 + 4 = 13 (simply add the 9 individuals in the interval to the 4
individuals below). Continue moving up the scale, cumulating frequencies for each
interval.Cumulative percentages are determined from the cumulative frequencies by the
relationshipc% 51cf2100%NFor example, the cf column shows that 4 individuals (out of the total
set of N = 20) have scores in or below the 5–9 interval. The corresponding cumulative
percentage isc% 5 1 42100% 5112100% 5 20%20 5The complete set of cumulative frequencies
and cumulative percentages is shown in the following table:X f cf c%25–29 1 20 100%20–24 1
19 95%15–19 5 18 90%10–14 9 13 65% 5–9 4 4 20%STEP 2 Locate the interval that contains
the value that you want to calculate.We are looking for the 50th percentile, which is located
between the values of 20% and 65% in the table. The scores (upper real limits) corresponding to



these two percentages are 9.5 and 14.5, respectively. The interval, measured in terms of scores
and percentages, is shown in the following table:X c% 14.5 65%?? 50%9.5 20%STEP 3 Locate
the intermediate value as a fraction of the total interval.Our intermediate value is 50%, which is
located in the interval between 65% and 20%. The total width of the interval is 45 points (65 – 20
= 45), and the value of 50% is located 15 points down from the top of the interval. As a fraction,
the 50th percentile is located15 = 145 3 down from the top of the interval.STEP 4 Use the
fraction to determine the corresponding location on the other scale. Our intermediate value,
50%, is located13 of the way down from the top of the interval. Our goal is to find the score,
theXvalue, that also is located13 of the way down from the top of the interval.On the score (X)
side of the interval, the top value is 14.5, and the bottom value is 9.5, so the total interval width is
5 points (14.5–9.5=5). The position we are seeking is13 of the way from the top of the interval.
One-third of the total interval is1125 5 5 5 1.67 points3 3To find this location, begin at the top of
the interval, and come down 1.67 points: 14.5 – 1.67 = 12.83This is our answer. The 50th
percentile is X = 12.83.PrObleMs1. Place the following set of n = 20 scores in a frequency
distribution table.6, 2, 2, 1, 3, 2, 4, 7, 1, 2 5, 3, 1, 6, 2, 6, 3, 3, 7, 22. Construct a frequency
distribution table for the following set of scores. Include columns for proportion and percentage
in your table.Scores: 2, 7, 5, 3, 2, 9, 6, 1, 1, 23, 3, 2, 4, 5, 2, 5, 4, 6, 53. Find each value
requested for the distribution of scores in the following table.a. nb. ΣXc. ΣX2X f5 14 33 42 51 24.
Find each value requested for the distribution of scores in the following table.a. nb. ΣXc. ΣX2X f6
15 24 23 42 31 25. For the following scores, the smallest value is X = 13 and the largest value is
X = 52. Place the scores in a grouped frequency distribution table,a. Using an interval width of 5
points.b. Using an interval width of 10 points.44, 19, 23, 17, 25, 47, 32, 2625, 30, 18, 24, 49, 51,
24, 1343, 27, 34, 16, 52, 18, 36, 256. The following scores are the ages for a random sample of
n = 30 drivers who were issued speeding tickets in New York during 2008. Determine the best
interval width and place the scores in a grouped frequency distribution table. From looking at
your table, does it appear that tickets are issued equally across age groups?17, 30, 45, 20, 39,
53, 28, 19,24, 21, 34, 38, 22, 29, 64,22, 44, 36, 16, 56, 20, 23, 58,32, 25, 28, 22, 51, 26, 437.
For each of the following samples, determine the interval width that is most appropriate for a
grouped frequency distribution and identify the approximate number of intervals needed to cover
the range of scores.a. Sample scores range from X = 8 to X = 41 b. Sample scores range from X
= 16 to X = 33 c. Sample scores range from X = 26 to X = 98 8. What information is available
about the scores in a regular frequency distribution table that you cannot obtain for the scores in
a grouped table?9. Describe the difference in appearance between a bar graph and a histogram
and describe the circumstances in which each type of graph is used.10. For the following set of
scores:8, 5, 9, 6, 8, 7, 4, 10, 6, 7 9, 7, 9, 9, 5, 8, 8, 6, 7, 10a. Construct a frequency distribution
table to organize the scores.b. Draw a frequency distribution histogram for these data.11. A
survey given to a sample of college students contained questions about the following variables.
For each variable, identify the kind of graph that should be used to display the distribution of
scores (histogram, polygon, or bar graph).a. Number of brothers and sistersb. Birth-order



position among siblings (oldest = 1st) c. Gender (male/female)d. Favorite television show during
the previousyear12. Gaucher, Friesen, and Kay (2010) found that masculinethemed words (such
as competitive, independent, analyze, strong) are commonly used in job recruitment materials,
especially for job advertisements in male-dominated areas. In a similar study, a researcher
counted the number of masculine-themed words in job advertisements for job areas, and
obtained the following data.Area Number of Masculine Words Plumber 14Electrician 12Security
guard 17Bookkeeper 9Nurse 6Early-childhood educator 7Determine what kind of graph would
be appropriate for showing this distribution and sketch the frequency distribution graph.13. Find
each of the following values for the distributionshown in the following polygon.a. nb. ΣXc.
ΣX2765f 4321123456X14. Place the following scores in a frequency distribution table. Based on
the frequencies, what is the shape of the distribution?13, 14, 12, 15, 15, 14, 15, 11, 13, 14 11,
13, 15, 12, 14, 14, 10, 14, 13, 1515. For the following set of scores:8, 6, 7, 5, 4, 10, 8, 9, 5, 7, 2,
99, 10, 7, 8, 8, 7, 4, 6, 3, 8, 9, 6a. Construct a frequency distribution table. b. Sketch a histogram
showing the distribution. c. Describe the distribution using the followingcharacteristics:(1) What
is the shape of the distribution? (2) What score best identifies the center (average) for the
distribution?(3) Are the scores clustered together, or are they spread out across the scale?16.
Recent research suggests that the amount of time that parents spend talking about numbers
can have a big impact on the mathematical development of their children (Levine, Suriyakham,
Rowe, Huttenlocher, & Gunderson, 2010). In the study, the researchers visited the children’s
homes between the ages of 14 and 30 months and recorded the amount of “number talk” they
heard from the children’s parents. The researchers then tested the children’s knowledge of the
meaning of numbers at 46 months. The following data are similar to the results obtained in the
study.Children’s Knowledge-of-Numbers Scores for Two Groups of Parents Low Number-Talk
Parents2, 1, 2, 3, 43, 3, 2, 2, 15, 3, 4, 1, 2High Number-Talk Parents3, 4, 5, 4, 54, 2, 3, 5, 45, 3,
4, 5, 4Sketch a polygon showing the frequency distribution for children with low number-talk
parents. In the same graph, sketch a polygon showing the scores for the children with high
number-talk parents. (Use two different colors or use a solid line for one polygon and a dashed
line for the other.) Does it appear that there is a difference between the two groups?17.
Complete the final two columns in the following frequency distribution table and then find the
percentiles and percentile ranks requested:X f cf c%5 24 53 62 41 3a. What is the percentile
rank for X = 2.5? b. What is the percentile rank for X = 4.5? c. What is the 15th percentile?d.
What is the 65th percentile?18. Complete the final two columns in the following frequency
distribution table and then find the percentiles and percentile ranks requested:X f cf c%25–29
120–24 415–19 810–14 75–9 30–4 2a. What is the percentile rank for X = 9.5? b. What is the
percentile rank for X = 19.5? c. What is the 48th percentile?d. What is the 96th percentile?19.
The following table shows four rows from a frequencydistribution table for a sample of n = 25
scores. Use interpolation to find the percentiles and percentile ranks requested:22. The following
table shows four rows from a frequencydistribution table for a sample of n = 20 scores. Use
interpolation to find the percentiles and percentile ranks requested:X f cf c%8 3 18 727 6 15 606



5 9 365 2 4 16a. What is the percentile rank for X = 6?b. What is the percentile rank for X = 7?c.
What is the 20th percentile?d. What is the 66th percentile?20. The following table shows four
rows from a frequency distribution table for a sample of n = 50 scores. Use interpolation to find
the percentiles and percentile ranks requested:X f cf c%15 5 32 6414 8 27 5413 6 19 3812 4 13
26a. What is the percentile rank for X = 13?b. What is the percentile rank for X = 15?c. What is
the 50th percentile?d. What is the 60th percentile?21. The following table shows four rows from
a frequency distribution table for a sample of n = 50 scores. Use interpolation to find the
percentiles and percentile ranks requested:X f cf c%15–19 3 50 10010–14 6 47 945–9 8 41 820–
4 18 33 66a. What is the percentile rank for X = 17? b. What is the percentile rank for X = 6? c.
What is the 70th percentile?d. What is the 90th percentile?X f Cf C%40–49 4 20 10030–39 7 16
8020–29 4 9 4510–19 3 5 25a. Find the 30th percentile.b. Find the 52nd percentile.c. What is the
percentile rank for X = 46? d. What is the percentile rank for X = 21?23. Construct a stem and
leaf display for the data in problem 5 using one stem for the scores in the 50s, one for scores in
the 40s, and so on.24. A set of scores has been organized into the following stem and leaf
display. For this set of scores: a. How many scores are in the 70s?b. Identify the individual scores
in the 70s. c. How many scores are in the 40s?d. Identify the individual scores in the 40s.4 85
4216 38247 5923748 243169 27525. Use a stem and leaf display to organize the following
distribution of scores. Use six stems with each stem corresponding to a 10-point
interval.Scores:36, 47, 14, 19, 6552, 47, 42, 11, 2528, 39, 32, 34, 5857, 22, 49, 22, 1633, 37,
23, 55, 44Central TendencyTools You Will NeedThe following items are considered essential
background material for this chapter. If you doubt your knowledge of any of these items, you
should review the appropriate chapter or section before proceeding.■■ Summation notation
(Chapter 1) ■■ Frequency distributions (Chapter 2)ChApter3© Deborah BattPREVIEW3.1
Overview3.2 The Mean3.3 The Median3.4 The Mode3.5 Selecting a Measure of Central
Tendency3.6 Central Tendency and the Shape of the DistributionSummaryFocus on Problem
SolvingDemonstration 3.1Problemsp re vi e wResearch has now confirmed what you already
suspected to be true—alcohol consumption increases the attractiveness of opposite-sex
individuals (Jones, Jones, Thomas, and Piper, 2003). In the study, college-age participants were
recruited from bars and restaurants near campus and asked to participate in a “market research”
study. During the introductory conversation, they were asked to report their alcohol consumption
for the day and were told that moderate consumption would not prevent them from taking part in
the study. Participants were then shown a series of photographs of male and female faces and
asked to rate the attractiveness of each face on a 1–7 scale. Figure 3.1 shows the general
pattern of results obtained in the study. The two polygons in the figure show the distributions of
attractiveness ratings for one male photograph obtained from two groups of females: those who
had no alcohol and those with moderate alcohol consumption. Note that the attractiveness
ratings from the alcohol group are noticeably higher than the ratings from the no-alcohol group.
Incidentally, the same pattern of results was obtained for the male’s ratings of female
photographs.Although it seems obvious that the alcohol-based ratings are noticeably higher



than the no-alcohol ratings, this conclusion is based on a general impression, or a subjective
interpretation, of the figure. In fact, this conclusion is not always true. For example, there is
overlap between the two groups so that some of the no-alcohol females actually rate the
photograph as more attractive than some of the alcohol-consuming females. What we need is a
method to summarize each group as a whole so that we can objectively describe how much
difference exists between the two groups.The solution to this problem is to identify the typical or
average rating as the representative for each group. Then the research results can be described
by saying that the typical rating for the alcohol group is higher than the typical rating for the no-
alcohol group. On average, the male in the photograph really is seen as more attractive by the
alcohol-consuming females.In this chapter we introduce the statistical techniques used to
identify the typical or average score for a distribution. Although there are several reasons for
defining the average score, the primary advantage of an average is that it provides a single
number that describes an entire distribution and can be used for comparison with other
distributions.5 No alcohol Moderate alcohol4321X 1 234567 Attractiveness ratingFIGURE
3.1Frequency distributions for ratings of attractiveness of a male face shown in a photograph for
two groups of female participants: those who had consumed no alcohol and those who had
consumed moderate amounts of alcohol.3.1 OverviewThe general purpose of descriptive
statistical methods is to organize and summarize a set of scores. Perhaps the most common
method for summarizing and describing a distribution is to find a single value that defines the
average score and can serve as a typical example to represent the entire distribution. In
statistics, the concept of an average or representative score is called central tendency. The goal
in measuring central tendency is to describe a distribution of scores by determining a single
value that identifies the center of the distribution. Ideally, this central value will be the score that
is the best representative value for all of the individuals in the distribution.SEcTIoN 3.1 |
Overview 69DEFINITIoN Central tendency is a statistical measure to determine a single score
that defines the center of a distribution. The goal of central tendency is to find the single score
that is most typical or most representative of the entire group.In everyday language, central
tendency attempts to identify the “average” or “typical” individual. This average value can then be
used to provide a simple description of an entire population or a sample. In addition to
describing an entire distribution, measures of central tendency are also useful for making
comparisons between groups of individuals or between sets of data. For example, weather data
indicate that for Seattle, Washington, the average yearly temperature is 538 and the average
annual precipitation is 34 inches. By comparison, the average temperature in Phoenix, Arizona,
is 718 and the average precipitation is 7.4 inches. The point of these examples is to demonstrate
the great advantage of being able to describe a large set of data with a single, representative
number. Central tendency characterizes what is typical for a large population and in doing so
makes large amounts of data more digestible. Statisticians sometimes use the expression
“number crunching” to illustrate this aspect of data description. That is, we take a distribution
consisting of many scores and “crunch” them down to a single value that describes them



all.Unfortunately, there is no single, standard procedure for determining central tendency. The
problem is that no single measure produces a central, representative value in every situation.
The three distributions shown in Figure 3.2 should help demonstrate this fact. Before we discuss
the three distributions, take a moment to look at the figure and try to identify the “center” or the
“most representative score” for each distribution.1. The first distribution (Figure 3.2(a)) is
symmetrical, with the scores forming a distinct pile centered around X = 5. For this type of
distribution, it is easy to identify the “center,” and most people would agree that the value X = 5 is
an appropriate measure of central tendency.2. In the second distribution (Figure 3.2(b)),
however, problems begin to appear. Now the scores form a negatively skewed distribution, piling
up at the high end of the scale around X = 8, but tapering off to the left all the way down to X = 1.
Where is the “center” in this case? Some people might select X = 8 as the center because more
individuals had this score than any other single value. However, X = 8 is clearly not in the middle
of the distribution. In fact, the majority of the scores (10 out of 16) have values less than 8, so it
seems reasonable that the “center” should be defined by a value that is less than 8.3. Now
consider the third distribution (Figure 3.2(c)). Again, the distribution is symmetrical, but now
there are two distinct piles of scores. Because the distribution is symmetrical with X = 5 as the
midpoint, you may choose X = 5 as the “center.” However, none of the scores is located at X = 5
(or even close), so this value is not particularly good as a representative score. On the other
hand, because there are two separate piles of scores with one group centered at X = 2 and the
other centered at X = 8, it is tempting to say that this distribution has two centers. But can one
distribution have two centers?Clearly, there can be problems defining the “center” of a
distribution. Occasionally, you will find a nice, neat distribution like the one shown in Figure
3.2(a), for which everyone will agree on the center. But you should realize that other distributions
are possible and that there may be different opinions concerning the definition of the center. To
deal with these problems, statisticians have developed three different methods for measuring
central tendency: the mean, the median, and the mode. They are computed differently and
have(a) (b)f f1234 5678 9 X 1234 5678 9 X(c)fFIGURE 3.2Three distributions demonstrating
thedifficulty of defining central tendency. In each case, try to locate the“center” of the distribution.
1234 5678 9 Xdifferent characteristics. To decide which of the three measures is best for any
particular distribution, you should keep in mind that the general purpose of central tendency is to
find the single most representative score. Each of the three measures we present has been
developed to work best in a specific situation. We examine this issue in more detail after we
introduce the three measures.3.2 The MeanLEARNING OBJECTIVEs 1. Define the mean and
calculate both the population mean and the sample mean. 2. Explain the alternative definitions
of the mean as the amount each individual receives when the total is divided equally and as a
balancing point.3. Calculate a weighted mean.4. Find n, SX, and M using scores in a frequency
distribution table.5. Describe how the mean is affected by each of the following: changing a
score, adding or removing a score, adding or subtracting a constant from each score, and
multiplying or dividing each score by a constant.The mean, also known as the arithmetic



average, is computed by adding all the scores in the distribution and dividing by the number of
scores. The mean for a population is identified by the Greek letter mu, m (pronounced “mew”),
and the mean for a sample is identified by M or X (read “x-bar”).The convention in many
statistics textbooks is to use X to represent the mean for a sample. However, in manuscripts and
in published research reports the letter M is the standard notation for a sample mean. Because
you will encounter the letter M when reading research reports and because you should use the
letter M when writing research reports, we have decided to use the same notation in this text.
Keep in mind that the X notation is still appropriate for identifying a sample mean, and you may
find it used on occasion, especially in textbooks.DEFINITIoN The mean for a distribution is the
sum of the scores divided by the number of scores.The formula for the population mean is5 SX
(3.1)NFirst, add all the scores in the population, and then divide by N. For a sample, the
computation exactly the same, but the formula for the sample mean uses symbols that signify
sample values:sample mean 5 M 5 SX (3.2)nIn general, we use Greek letters to identify
characteristics of a population (parameters) and letters of our own alphabet to stand for sample
values (statistics). If a mean is identified with the symbol M, you should realize that we are
dealing with a sample. Also note that the equation for the sample mean uses a lowercase n as
the symbol for the number of scores in the sample.ExamplE 3.1 For the following population of N
5 4 scores, 3, 7, 4, 6 the mean is5 SX5 20 5 5 ■N 4■■ Alternative Definitions for the
MeanAlthough the procedure of adding the scores and dividing by the number of scores
provides a useful definition of the mean, there are two alternative definitions that may give you a
better understanding of this important measure of central tendency.Dividing the Total Equally
The first alternative is to think of the mean as the amount each individual receives when the total
(SX) is divided equally among all the individuals (N) in the distribution. Consider the following
example.ExamplE 3.2 A group of n = 6 boys buys a box of baseball cards at a garage sale and
discovers that thebox contains a total of 180 cards. If the boys divide the cards equally among
themselves, how many cards will each boy get? You should recognize that this problem
represents the standard procedure for computing the mean. Specifically, the total (ΣX) is divided
by the number (n) to produce the mean, 1 8 0 = 30 cards for each boy. ■6The previous example
demonstrates that it is possible to define the mean as the amount that each individual gets when
the total is distributed equally. This somewhat socialistic technique is particularly useful in
problems for which you know the mean and must find the total. Consider the following
example.ExamplE 3.3Now suppose that the 6 boys from Example 3.2 decide to sell their
baseball cards on eBay. If they make an average of M = $5 per boy, what is the total amount of
money for the whole group? Although you do not know exactly how much money each boy has,
the new definition of the mean tells you that if they pool their money together and then distribute
the total equally, each boy will get $5. For each of n = 6 boys to get $5, the total must be 6($5) =
$30. To check this answer, use the formula for the mean:M 5 SX5 $305 $5 ■n 6The Mean as a
Balance Point The second alternative definition of the mean describes the mean as a balance
point for the distribution. Consider a population consisting of N = 5scores (1, 2, 6, 6, 10). For this



population, SX = 25 and μ = 25 = 5. Figure 3.3 shows 5this population drawn as a histogram,
with each score represented as a box that is sitting on a seesaw. If the seesaw is positioned so
that it pivots at a point equal to the mean, then it will be balanced and will rest level.The reason
the seesaw is balanced over the mean becomes clear when we measures the distance of each
box (score) from the mean:Score Distance from the MeanX 5 1 4 points below the mean X 5 2 3
points below the mean X 5 6 1 point above the mean X 5 6 1 point above the mean X 5 10 5
points above the meanNotice that the mean balances the distances. That is, the total distance
below the mean is the same as the total distance above the mean:below the mean: 4 + 3 = 7
pointsabove the mean: 1 + 1 + 5 = 7 pointsBecause the mean serves as a balance point, the
value of the mean will always be located somewhere between the highest score and the lowest
score; that is, the mean can never be outside the range of scores. If the lowest score in a
distribution is X = 8 and the highest is X = 15, then the mean must be between 8 and 15. If you
calculate a value that is outside this range, then you have made an error.The image of a seesaw
with the mean at the balance point is also useful for determining how a distribution is affected if a
new score is added or if an existing score is removed. ForFIGURE 3.3The frequency distribution
shown as a seesaw 13246579810balanced at the mean. Based on Weinberg,G. H., Schumaker,
J. A., and Oltman, D. (1981).Statistics: An intuitive approach. Belmont, CA: mWadsworth. (p.
14)the distribution in Figure 3.3, for example, what would happen to the mean (balance point) if
a new score were added at X = 10?■ The Weighted MeanOften it is necessary to combine two
sets of scores and then find the overall mean for the combined group. Suppose, for example,
that we begin with two separate samples. The first sample has n = 12 scores and a mean of M =
6. The second sample has n = 8 and M = 7. If the two samples are combined, what is the mean
for the total group?To calculate the overall mean, we need two values:1. the overall sum of the
scores for the combined group (SX), and2. the total number of scores in the combined group
(n).The total number of scores in the combined group can be found easily by adding the number
of scores in the first sample (n1) and the number in the second sample (n2). In this case, there
are 12 scores in the first sample and 8 in the second, for a total of 12 1 8 = 20 scores in the
combined group. Similarly, the overall sum for the combined group can be found by adding the
sum for the first sample (SX1) and the sum for the second sample (SX2). With these two values,
we can compute the mean using the basic equationoverall mean 5 M 5 SX soverall sum for the
combined groupd n stotal number in the combined groupd5 SX1 1 SX2n1 1 n2
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