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Fundamentals of Statistics is a brief version of Statistics: Informed Decisions Using Data.
This shorter text is intended to meet the needs of those schools that offer a one-semester
introductory statistics course that do not wish or do not have the time to cover some of
the more advanced topics found in Statistics: Informed Decisions Using Data. Some of
these more advanced topics that appear in Statistics: Informed Decisions Using Data, such
as residual analysis, nonlinear regression, the Poisson distribution, and nonparametric sta-
tistics, have been removed from this briefer text. The coverage of topics has been adapted
to make it more suitable for usage in a one-semester course, but this does not compromise
the depth of coverage.

Fundamentals of Statistics retains the strong pedagogy, features, and writing style that
have made Statistics: Informed Decisions Using Data so successful. In addition, it retains the
popular problems and discussion that encourage problem solving and statistical thinking.

Having taught introductory statistics for the past 10 years at both 2-year and 4-year
institutions has brought to my attention some basic needs and issues of the Introductory
Statistics course. The diversity of both the students taking the course and the instructors
teaching the course drives many of the challenges in presenting statistics at this level. Sta-
tistics is a powerful subject and one that I hold great passion for. It is the coupling of my
passion for the subject with the desire for a text that would work for me, my students, and
my school that led me to pursue writing this textbook.

Before getting started on this text, I spent many hours reflecting on the goals of the
project. Overall, I wanted a textbook that instilled in students my enthusiasm and appre-
ciation for the subject and supported the variety of approaches to teaching the subject. In
particular, the following were my goals for the text:

Students see and appreciate the usefulness of the subject
Students can be more successful in the course

Students are provided ample practice
¢ Instructors can present the material using multiple philosophies

Keeping the Students’ Interest

An immediate challenge for any instructor teaching this course is the motivation of the
students. I always ask my students to pass in their class notes at the end of the semester.
By studying these notes, I have been able to determine areas where my students lost in-
terest and where they became excited about the subject. In addition, I was able to deter-
mine topics where the concept was lost and topics where the concept was completely
understood. I also noticed that my students appreciated when I took a formal definition
or theorem and expressed it in everyday language that they could understand. This view
into how students read texts, attend lectures, and take notes was invaluable to me in writ-
ing this text.

Today’s students demand that the material they study have relevance in their every-
day lives. One of the joys of teaching a statistics course is that the question, “When will I
ever use this stuff?” rarely comes up. However, students still say, “Okay, I can see the use-
fulness of this if I was a medical researcher, but that is not my goal in life!” Introductory
statistics texts need to have interesting, real data sets that students can relate to. They
need to see themselves analyzing the data and using the conclusions to make informed
decisions that impact their lives. For example, what type of car should I buy? Where
should I invest my retirement money? Where should I live? What major should I choose?
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Student Success

It is absolutely true that if students experience success early in a course, they will be in-
clined to work harder as the course progresses. However, if students struggle early, it will
lead to disenchanted students who are more willing to “give up” when a difficult concept
is introduced.

How can success be experienced while still maintaining the integrity of the course?
After all, statistics is a discipline whose theory is deep and mathematically intensive. In
addition, understanding the concepts of statistics can be elusive. This does not mean,
however, that an introductory textbook should “spare students details” of statistical
thought. It is possible, and indeed, desirable, to expose students to the intricacies of sta-
tistics. This can be done without delving deep into mathematical thought and losing most
of your students.

The text has been written using a conversational tone that “speaks” to the student.
This is accomplished through explanations that don’t overly complicate the material. Be-
cause the text was written using the class notes obtained from my students, the presenta-
tion flows like a lecture. The pedagogy that is found in the text mirrors the presentation
that I use in my lectures. When my lecture begins, I tie concepts learned earlier in the
course to concepts that I am about to present. This is the “Putting It All Together” feature
found at the beginning of each chapter. Before tackling a new section, I review topics that
are going to be needed in order to succeed in the section. This is the “Preparing for This
Section” feature. I then list the objectives that we are going to cover within the section. As
I present the material, I provide students with statistically accurate definitions/theorems.
I then restate the definitions/theorems using everyday language that doesn’t compromise
the definition or theorem. This is the “In Your Own Words” feature. I also mention some
of the pitfalls in statistical analysis. These pitfalls are displayed in the “Caution” feature.
After going over an example in class, I like to have my students attempt to solve a similar
problem in class so that I am confident that they understand the concept before continu-
ing. This is the “Now Work Problem xx” feature.

In addition, the text has been written to appeal to a variety of learning styles. There
are many, many graphs and figures that allow students to visualize results. For students
who learn best through discovery, there are Explorations that guide students through a
series of questions that develop statistical concepts. For auditory learners there is a lec-
ture series in which I present all the examples in the text on compact disk or video.

Practice, Practice, Practice

The only way that students will learn statistics is by doing statistics. The exercise sets of a
strong statistics text will help develop a student’s confidence in, and understanding of, the
material. This is accomplished in a twofold manner: (1) through graduated exercise sets,
and (2) through problems that ask the student to think about concepts and encourage sta-
tistical thinking.

All the exercise sets begin with Concepts and Vocabulary, which are open-ended
questions that ask students to define words and explain concepts using their own words.
The next portion of the exercise sets is Skill Building. These are drill and practice type
problems that develop computational skills that increase student understanding of for-
mulas and concepts. These problems also serve as confidence building problems so that
students experience early success. Finally, the Applying the Concepts problems are real
data-based problems that ask a variety of questions that help develop solid statistical
analysis. Not only do these problems ask the standard questions such as find the mean or
compute a 95% confidence interval, they also ask for students to explain the results. In
addition, there are questions that ask students to consider some additional questions. For
example, what is the impact of an outlier on the arithmetic mean? Is the linear correlation
coefficient resistant? What happens if we have outliers when constructing confidence in-
tervals from small data sets? These “higher level of thinking” problems truly develop a
student’s understanding of statistical thinking.
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Flexibility

Just as there are many different learning styles, there are many different teaching styles.
One of the challenges in writing a text is to create a product that “appeals to the masses.”
As I survey the halls of the Mathematics Department at Joliet Junior College, I see many
high-quality instructors who present the same material in many different ways. Some like
to incorporate as much technology as possible into their classroom, some prefer to mini-
mize the technology. Some instructors prefer to use collaborative learning in order to pre-
sent material, while others utilize lecture. For the Introductory Statistics course, some of
the instructors are trained in the discipline of statistics, while others are trained in mathe-
matics, but teach statistics. With these varied backgrounds, it is clear that a text needs to
meet the needs of all these backgrounds and teaching philosophies.

Let’s consider how technology is presented in the course. Every example in the text is
presented using the “by hand” approach. The reason for this is twofold. First, and proba-
bly most importantly, by presenting a solution by hand, the student’s ability to understand
the concept is enhanced. How else can a student understand the concept of linear corre-
lation, except by seeing the product of z-scores? Second, it allows for flexibility in philoso-
phies. If your particular philosophy is to present statistics by utilizing “by hand” solutions,
it is there for you. If you are more apt to use technology, then you can utilize the “Using
Technology” feature. Following virtually every example is a gray “Using Technology”
screen, which provides the output from a TI83+, Minitab, or Excel. In addition, problems
that have 15 or more observations in the data set have a CD icon, which indicates to the
instructor that the data set is available on the data CD.

Using the Text Efficiently with Your Syllabus

To meet the varied needs of diverse syllabi, this book has been organized with flexibility
of use in mind. When structuring your syllabus, notice the topics listed in the “Preparing
for This Section” material at the beginning of the section, which will tip you off to depen-
dencies within the course.

The two most common variations within an Introductory Statistics course are the treat-
ment of Regression Analysis and the treatment of Probability.

e Coverage of Correlation and Regression The text was written with the descriptive
portion of bivariate data (Chapter 4) presented after the descriptive portion of uni-
variate data (Chapter 3). For instructors who prefer to postpone the discussion of bi-
variate data until later in the course, simply skip Chapter 4 and return to it prior to
covering Sections 11.3 and 11.4. Within Chapter 4, an instructor may skip Section 4.3
without loss of continuity.

¢ Coverage of Probability The text allows for a course to present an extensive introduc-
tion to probability or light coverage of probability. For instructors wishing to present
light coverage of probability, they may cover Section 5.1 and skip the remaining sec-
tions. A word of caution is in order, however. Instructors who will be covering the Chi-
Square Test for Independence will want to cover Sections 5.1 through 5.3. In addition,
any instructor who will be covering Binomial Probabilities will want to cover Indepen-
dence in Section 5.3 and Combinations in Section 3.5.

Chapter by Chapter Content
Chapter 1 Data Collection

This chapter deals with the methods of obtaining data. There is a detailed presentation of
the various sampling techniques along with circumstances under which each is used. In
addition, there is an entire section dedicated to nonsampling errors and how to control
them. The chapter ends with a detailed discussion of experimental design.
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Chapter 2 Organizing and Summarizing Data

This chapter addresses methods for summarizing qualitative data (Section 2.1) and quan-
titative data (Section 2.2). The chapter ends with a discussion of graphical misrepresenta-
tions of data. This section can be covered as a reading assignment.

Chapter 3 Numerically Summarizing Data

Sections 3.1 and 3.2 present numerical measures of central tendency and dispersion.
Section 3.3 is optional and can be skipped without loss of continuity. However, if it is
skipped and Section 6.1 is covered, proceed slowly through the mean and standard devia-
tion of a discrete random variable. Section 3.4 discusses measures of position including
the z-score, percentiles, and outliers. Section 3.5 presents exploratory data analysis.

Chapter 4 Describing the Relation between Two Variables

Section 4.1 introduces scatter diagrams and correlation. Section 4.2 presents the least-
squares regression line. Section 4.3 presents the coefficient of determination. In addition,
the material in this chapter can be postponed until before Section 11.3.

Chapter 5 Probability

Section 5.1 introduces the basic concepts of probability and unusual events. Section 5.2
presents the Addition Rule. Section 5.3 presents the Multiplication Rule. Section 5.4 pre-
sents Conditional Probability and can be skipped without loss of continuity. Section 5.5
presents Counting Techniques and can be skipped without loss of continuity with the ex-
ception of Combinations.

Chapter 6 The Binomial Probability Distribution

Section 6.1 introduces the concept of a random variable and discrete probability distribu-
tions along with expected value. Section 6.2 presents the binomial probability formula
and an introduction to inference using binomial probabilities. If you intend to cover
Section 6.2, then it is a good idea to also cover Section 5.3.

Chapter 7 The Normal Probability Distribution

Sections 7.1 through 7.3 introduce the normal probability distribution. Section 7.4 presents
normal probability plots as a means for assessing normality and is required in order to cover
topics presented in Chapters 8-11. Section 7.4 does not require the use of technology be-
cause the output generated by technology is presented. This section is necessary in order to
help students see that verifying normality is necessary before proceeding with inference for
small samples. Section 7.5 introduces sampling distributions. Section 7.6 discusses the normal
approximation to the binomial and is optional.

Chapter 8 Confidence Intervals about a Single Parameter

Section 8.1 introduces the construction of a confidence interval when the population stan-
dard deviation is known, while Section 8.2 constructs confidence intervals when the pop-
ulation standard deviation is unknown. This approach is different from that in some other
texts, but it is logical. It’s as simple as “o- known, use z; o unknown, use ¢.” In both cases,
small samples require that the population from which the sample was drawn must be nor-
mal-we check this requirement with a normal probability plot. Section 8.3 covers confi-
dence intervals about a population proportion.

Chapter 9 Hypothesis Testing

Section 9.1 provides an introduction to the language of hypothesis testing. Sections 9.2
and 9.3 test hypotheses regarding a population mean, again segmented by “o known, use
z; o unknown, use t.” Section 9.4 presents hypothesis testing about a population propor-
tion. An interesting feature in this section is that it includes how to use the binomial prob-
ability distribution to compute exact P-values. This is especially important if the
requirement for using the normal approximation to the binomial is not satisfied.
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Chapter 10 Inferences on Two Samples

Section 10.1 presents the analysis required for matched-pairs design. Section 10.2 presents
the analysis for comparing two means from independent samples. Notice that the discussion
regarding pooled estimates of ¢ is absent. This is because the pooled estimate approach re-
quires that the two populations have a common variance and this is an extremely difficult
requirement to test. Because “pooling” versus “not pooling” often provide the same results,
it is not necessary at this level to cloud the students’ thought process any further. Section
10.3 discusses comparing two population proportions.

Chapter 11 Additional Inferential Procedures

Section 11.1 presents the chi-square goodness of fit. Section 11.2 discusses chi-square tests
for independence and homogeneity. Again, if Sections 5.3 and/or 5.4 were skipped, pro-
ceed slowly. Sections 11.3 and 11.4 are independent of Sections 11.1 and 11.2. Sections
11.3 and 11.4 require that Sections 4.1 and 4.2 were covered.
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As you begin your study of statistics, you may feel overwhelmed with the number of the-
orems, definitions, and formulas that confront you. Many students enter their first statis-
tics course with a sense of anxiety. While these feelings are normal, I want to reassure you
that statistics is an exciting discipline that can be learned, appreciated, and most impor-
tantly, applied, so that you can make informed decisions throughout your life.

My goal in writing this text was to provide students with a “how to” manual for study-
ing and learning statistics. I have written the textbook using clear, uncomplicated lan-
guage. In fact, the first draft of the text was written using my students’ class notes. There
are many learning aids included in the text to help make your study of the material easier
and more rewarding. In addition, there are many supplements that accompany the text,
including: a student solutions manual that presents completely worked out solutions to all
the odd-numbered exercises; a CD lecture series that presents worked out solutions to all
the examples in the text; and tutorial software (SullivanTutor) that will generate and
grade as many problems as you like along with hints and worked out solutions. The ques-
tions are based on the objectives presented in the text. The goal is to minimize the num-
ber of frustrating experiences that inevitably come up in the learning process.

To help make your study of statistics more enjoyable and rewarding, I have included
a list of time-tested “study tips” that promote successful learning. This list is a sequence of
events that should occur prior to, during, and after each class meeting. While this list may
seem overwhelming, personal experience indicates that it works.

Before Class Begins
1. Read the section(s) to be covered in the upcoming class meeting.

2. Prepare a list of questions that you have based upon your reading. In many cases,
your questions will be answered through the lecture. Those that are not answered
completely can then be asked.

During Class
1. Arrive early enough to prepare your mind and material for the lecture.

2. Stay alert. Do not doze off or daydream during class. It will be very difficult to under-
stand the lecture when you “return to the class.”

3. Take thorough notes. It is normal that certain topics will not be completely under-
stood during the lecture. However, this does not mean that you throw your hands up
in despair. Rather, continue to write your class notes. You can ask questions when ap-
propriate. In my personal experience, I was amazed how often my confusion during
class was alleviated after studying the in-class notes later when I had more time for
reflection.

After Class
1. Reread (and possibly rewrite) your class notes.
2. Reread the section.
3. Do your homework. Homework is not optional. There is an old Chinese proverb that

says:
I hear ... and I forget
Isee ... and I remember
Ido ... and I understand
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This proverb applies to anything where one wants to succeed. Would a pianist expect
to be the best if she didn’t practice? The only way you are going to learn statistics is
by doing statistics. When you get problems wrong, ask for help.

4. If you have questions, visit your professor during office hours.

Just like your previous mathematics courses, statistics is a building process. This
means the material is used throughout the course. If a topic is not understood, then this
lack of understanding could come back to haunt you later in the class. This is the source of
a lot of frustration in learning statistics or mathematics. You need to build a strong foun-
dation before you continue to build the house.

How to Use This Book Effectively and Efficiently

First, and foremost, this text was written to be read. You will find that the text has addi-
tional explanations and examples that will help you. As mentioned previously, be sure to
read the text before attending class.

Many sections begin with “Preparing for This Section,” a list of concepts that will be
used in the section. Take the short amount of time required to refresh your memory. This
will make the section easier to understand and will actually save you time and effort. Each
section that has the “Preparing for This Section” feature will have a “Preparing for This
Section” quiz on the companion Web site (www.prenhall.com/sullivanstats). The quiz asks
questions related to the concepts that are listed. Objectives are provided at the beginning
of each section. Read them. They will help you recognize the important ideas and skills
developed in the section.

After a concept has been introduced and an example given, you will see D Now
Work Problem xx. Go to the exercises at the end of the section, work the problem cited,
and check your answer in the back of the book. If you get
it right, you can be confident in continuing on in the sec-
tion. If you don’t get it right, go back over the explanations
and examples to see what you might have missed. Then
rework the problem. Ask for help if you miss it again.

I have included an “In Your Own Words” feature that
explains definitions, theorems, and concepts using everyday
language. This is meant to help you understand the concepts
presented in the text. There are also “Caution” statements.
These are meant to make you aware of common errors that
occur in statistics, so that you don’t make these mistakes.

The chapter review contains a list of formulas and
vocabulary introduced in the chapter. Be sure you under-
stand how to use the formulas and that you know the defi-
nitions of the vocabulary. There is also a list of objectives
along with review problems that correspond to the objec-
tive. If you can’t do the problems listed for a particular
objective, go back to the page indicated and review the
material.

Please do not hesitate to contact me, through Prentice
Hall, with any suggestions or comments that would
improve the text. I look forward to hearing from you.

Michael Sullivan, 111



Utilizing the features found throughout this text will help you learn and study

the content for this course. Many of these features were developed by the
author’s students for students.

Outline

21 Organizing Qualitative Data

2.2 Organizing Quantitative Data |

23 Graphical Misrepresentations of Data
» Chapter Review

For additional study help, go to
www.prenhall.com/sullivanstats

Materials include

Projects:

» Case Study: The Day the Sky Roared
« Decisions: Tables or Graphs?

= Consumer Reports Project
Self-Graded Quizzes

"Preparing for This Section” Quizzes
PowerPoint Downloads

* Step-by-Step Technology Guide
Graphing Calculator Help

Putting It All Together

In Chapter 1, we learned that statistics is a process. The
process begins with asking a research question. In order
to determine the answer to the question, information
(data) must be collected. The information is obtained
from a census, existing data sources, surveys or designed
experiments. When data are collected from a survey or
designed experiment, they must be organized into a
manageable form. Data that are not organized are re-
ferred to as raw data.

2

Organizing and
Summarizing Data

Methods for organizing raw data include the creation
of tables or graphs, which allow for a quick overview of
the information collected. The organization of data is the
third step in the statistical process. The procedures used
in organizing data into tables and graphs depend upon
whether the data are qualitative, discrete, or continuous.

Putting It All Together

Each chapter opens with a
discussion of topics that were
covered and how they relate to
topics that are about to be
discussed. This allows students
to see the “big picture” of how
the topics relate to each other.

Companion Web Site

Many additional free resources
for this text including end of
chapter case study, decisions
and consumer reports can

be found at:
www.prenhall.com/sullivanstats

Preparing for This Section

Most sections open with a referenced list
(by section and page number) of key
items to review in preparation for the

section ahead. This provides a just-in-time
review for the students.

m Organizing Qualitative Data

Preparing for This Section Before getting started, review the following:

v Qualitative data (Section 1.1, p. 4)

XX



Objectives

A numbered list of key objectives appears
in the beginning of each section. As the
topic corresponding to the objective is
addressed, the number appears in the
column.

In Your Own Words

When a definition or concept is
presented, the “In Your Own Words”
feature presents the definition or
concept using everyday language
while maintaining accuracy.

Objectives ) Construct frequency and relative frequency distributions from
qualitative data

D Construct bar graphs
) Construct pie charts

In this section we will concentrate on tabular and graphical summaries of
qualitative data. Section 2.2 discusses methods for summarizing quantita-
tive data.

Definit
ﬁ.ln Your Own Words

A frequency distribution shows how
often each category occurs. A
relative frequency distribution
shows the percent of the
observations that belong in each
category.

The relative freq 'y is the proportion or percent of observations with-
in a category and is found using the formula

I, frequency
sum of all frequencies

(8}

Relative freq y

A relative freq; ion lists the relative frequency of each cat-
egory of data.

@ :
Caution

as well as a title for the graphl

» EXAMPLE 3

Figure 1

Whenever constructing bar graphs,
be sure to include labels for the axes

Problem: Use the data summarized in Table 3 to construct (a) a frequency
bar graph and (b) a relative frequency bar graph.

Approach: A horizontal axis is used to indicate the category of the data
(states, in this case), and a vertical axis is used to represent the frequency or
relative frequency (in this case, number of presidential births). Draw bars
or rectangles of equal width for each category whose height is the frequen-
cy or relative frequency. The bars do not touch each other.

Solution:

(a) Figure 1 shows the frequency bar graph.

|o* —

Frequency

Virginia ||
Massachusetts [
South Carolina

New York [
North Carolina

Constructing a Frequency and Relative Frequency Bar Graph

The U.S. Presidents’ Birthplaces
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Caution

This alerts students to some of the pitfalls

in statistical analysis.
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