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~ Preface

Overview

Years of teaching introductory courses in business statistics have taught us a good deal about
what students value in a textbook. Number one is clarity of presentation. Students want a
book that explains things clearly and concisely, with a sharp focus and a minimum amount of
jargon. They also want a text that is examples-driven and divided into digestible sections, with
plenty of opportunities to check their progress and test their understanding. Beyond merely
mastering theory and concept, today’s students are motivated by the prospect of real-world
applications and current relevance. They want to know not only how things work, but where
and when they work. And while students value a book that’s relaxed in tone and manageable
in content, they don’t want a text that’s condescending or simplistic. It’s with these principles
firmly in mind that we chose to write this book.

As you'll shortly see, each chapter of the book begins with a vignette highlighting an
everyday application of statistics or focusing on an important contribution to the field. These
brief introductions, intended to stimulate student interest and offer context for the upcoming
topic, exemplify our commitment to engaging students from the outset and motivating their
curiosity. We think you’ll find the presentation that follows relevant and concise, and well-
suited to the needs and challenges of today’s business student.

Understanding Business Statistics is intended for a general audience of business students enrolled
in a two- or four-year program of study. It represents the authors’ many years of experience
teaching introductory classes in business statistics at the undergraduate level. The booK’s
effective organization of topics and efficient discussion of key ideas make it appealing to teach-
ers, while its informal, intuitive style—supported by clear and constant reinforcement—makes
it accessible even to students who may not be completely confident in their math skills.

Organization of Topics

Choosing to write a book with a sharper focus than most, the authors have organized key
topics in a compelling manner, simplifying the instructor’s job of identifying which topics
fit best into available class time. The presentation of topics is concise without being choppy,
and no critical topics have been left out. Although the general sequencing of topics is fairly
standard, there are a number of important differences that allow instructors to cover the
material efficiently:

m The distinctive clustering of both graphical and numerical methods in Chapter 2
(Descriptive Statistics I) introduces the core of descriptive statistics in a smooth-flowing
and cohesive discussion of key descriptive elements. Chapter 3 presents somewhat less
commonly covered descriptive methods and is set up to allow instructors to conveniently
pick and choose those topics that they wish to cover and omit those that they do not.

m Chapter 4 introduces the crucial elements of probability theory in an intuitive way,
establishing all of the basics with one simple, unambiguous example. A general problem-
solving strategy is firmly established, supported by clear and practical visual tools to aid in
the implementation of that strategy.

m By integrating their introduction to sampling distributions into the Chapter 7 discussion
of interval estimation, the authors offer a unique approach that motivates student interest
and allows students to see immediately how sampling distributions drive the inference
process. This approach is not only intuitively appealing but also efficient in reducing the
time needed for coverage of these two crucial topics.



Chapter 7’s coverage of interval estimation (Estimating a Population Mean) is followed
immediately by Chapter 8’ discussion of interval estimation for proportions, mean
differences, and proportion differences, giving students a chance to solidify their
understanding of interval estimation before moving on to the somewhat more challenging
ideas of hypothesis testing covered in Chapters 9 and 10.

Chapter 11’s treatment of simple linear regression uses only the basic # test, allowing
instructors to defer discussion of the F distribution until Chapter 12 (Multiple Regression).
Chapters 12, 13, and 14 allow instructors to add topics beyond the basic core—including
multiple regression, one-way ANOVA, and contingency tables. Usefully, the three chapters
are designed so that they can be covered in any order.

Intuitive Approach, Informal Style,
and Constant Reinforcement

This is a student-oriented text, intended to be that rarest of birds—a math book that’s actu-
ally readable and understandable for students with widely varying mathematical backgrounds.
Reviews have described the chapters as “engaging,” and the writing as “wonderfully direct.”

The text is more accessible to students in several ways:

The authors provide an intuitive discussion of basic statistical principles rather than a
mathematically rigorous development. Simple examples are used to introduce and develop
concepts and procedures. The presentation of formulas is nearly always preceded—or
followed immediately—by an exploration of student instincts regarding the reasoning
behind the formula. For example, prior to their first look at the formula for building
confidence intervals, students are led through an intuitive discussion of those factors that
could reasonably be expected to influence interval precision. Chapter 9, which introduces
hypothesis testing, is an exceptionally effective presentation of the topic using this same
highly intuitive approach.

The authors’ clarity of presentation puts even the most complicated issues within reach of
every student.

For ease of reading, chapter sections are designed to ensure easy-to-follow continuity from
one section to the next.

To help establish and maintain a supportive and informal tone, the authors use near-
conversational language and periodically inject an interesting and/or humorous illustration
or side note.

Each chapter begins with a vignette highlighting an everyday application of statistics or
focusing on an important contribution to the field. These brief and pertinent introductions
serve to engage student interest, offer context for the upcoming topic, and provide a basis
for active classroom discussion.

Students are given frequent opportunities to check their understanding of topics as they
proceed through the chapters, with exercises included at the end of nearly every section and
many subsections. Each exercise set is preceded by a step-by-step Demonstration Exercise
that clearly establishes the solution pattern for the exercises that follow.

Numerous exercises—ranging from elementary to quite challenging—appear at the end
of each chapter. In many cases, they have been designed to augment and extend chapter
discussions rather than solely provide opportunities for drill and repetition. In a significant
number of the exercises, “real” data are used, taken from sources like the Wa// Street Journal,
the Department of Transportation, and the Bureau of Economic Analysis. (All the exercises
that give a source citation involve “real” data.) Solutions to the even-numbered exercises are
provided. “Next Level” problems are included to allow students to explore more advanced
topics and applications.

To familiarize students with the capabilities of commonly available statistical packages, a set
of Excel exercises, with step-by-step instructions, is provided at the end of most chapters.
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Beyond the Numbers

As students advance through the course, it's important that they not get lost in the details and
lose sight of important broader issues. Here are some general principles that we think will help
students look beyond the numbers:

Data quality matters. Just as the most gifted chef cant make a fine meal from poor
ingredients, the most brilliant statistician cant draw sound conclusions from flawed data.
In statistics, the old adage “garbage in, garbage out” is in full effect. When you embark on
a project that involves data, a crucial first step is to learn where the data came from, and
whether the data accurately and objectively measure what they are supposed to measure.
A picture is worth a thousand words. A graph that provides a simple, visual summary
of your results is often more memorable and useful than a verbal summary of the same
information. Think carefully about how you might use graphs and figures to present
information. If you would like to pursue this further, the field of data visualization is
growing rapidly and is worth exploring!

It ain’t necessarily so. When we use a sample to learn about an entire population, the
claims we make are probably, but not necessarily, true. Claims based on sample data should
be framed in language that shows this. For example, based on a survey, you might say: “We
have strong evidence that the proportion of teens who own smart phones has risen,” or “The
survey results suggest a rise in the share of teens that own smart phone.” The only way to
be 100 percent certain of what is going on in an entire population is to take a survey of the
entire population—in other words, a census.

The numbers don’t always tell the whole story. You might think of statistics as “storytelling
with numbers.” But keep in mind that the numbers don’t always tell the whole story. For
example, if production at a company is rising, there may be nonquantitative factors at
work, such as a boost in morale or improved teamwork. The best research in business and
economics takes into account both quantitative and qualitative information.

Metrics matter. This may seem to contradict the previous claim, but when people do have
a quantitative measurement, they often focus solely on the measurement, to the exclusion
of other important dimensions of an issue. Economic policy makers, for example, focus
on gross domestic product (GDP) as a measure of the economic well-being of a country.
Sometimes this focus on GDP is at the expense of other dimensions of economic well-being
such as innovation or equity. When you propose a metric, be aware that it may become a
powerful guide to decision making.

Choose your methods to fit the question at hand. An old expression says, “When all you
have is a hammer, everything looks like a nail.” You will soon have a rich set of statistical
techniques at your disposal, from confidence intervals to multiple regression analysis. That
said, with any problem you are presented, your first task is to define the problem clearly and
figure out precisely what it is you would like to learn from the data. You may be able to answer
the question with the techniques you learn here. But if not, you will have a strong enough
foundation in statistics to explore new techniques when presented with a new type of question.
In business, having the numbers and understanding them is key to leading successfully.
Decision making is increasingly data-driven. The knowledge you acquire in this course
should prepare you to be a critical and effective user of information. Your ability to use data
will allow you to make better business decisions, an essential quality of a twenty-first-century
business leader.

Small is beautiful. In a big data age, it is easy to forget that much can be learned from
taking a small sample and exploring it deeply. Large data sets reveal a great deal about
correlation, but in order to gain insight about causality, sometimes zooming in close and
looking deeply into a situation is the better strategy.

Keep it simple. The goal of statistics is not to confuse, impress, or intimidate others into
submission with Greek letters and long mathematical formulas. If a simple technique can
transform data into actionable information, use it. If the situation truly demands a more
complex technique, learn and apply it.

It’s what you say, and how you say it. A lot of hard work and valid statistical analysis can
go to waste if it is not communicated effectively. Effective communication means different



things to different people. If you have a case to make, and a strong statistical finding to
make your case, consider your audience, and prepare to present that finding in words,
numbers, and pictures. Different people and audiences will be more receptive to a verbal,
quantitative, or visual presentation.

It’s not all in the math. Business scholar Edward Deming made the point long ago that
“good statistical work is the product of several kinds of knowledge working together.”
Sometimes the answer to a problem must come from knowledge of the subject matter,
not from the numbers. A good statistician knows when solving a problem requires a more
sophisticated mathematical technique, and when solving a problem requires a deeper
understanding of the context and subject matter.

Ancillary Teaching and Learning Materials

A number of supplementary materials developed by the author team, are available to provide
students and instructors with valuable support:

PowerPoint slides for each chapter provide tables, charts, illustrative examples and more.
Practice Problems allow students to focus their study when preparing for tests and quizzes.
Student Solution Sets offer detailed solutions to the even-numbered exercises in each
chapter.

Instructor Solution Sets provide detailed solutions to every exercise in the text.

Test Bank questions of varying levels of difficulty are organized to enable instructors to
efficiently create quizzes and exams. (Over 1200 test questions in all.)

Excel Manual provides students with detailed explanations and examples that show how to
solve key statistical concepts and problems using Excel

Excel Exercise Solutions provide the student with all the guidance necessary to develop an
easy facility with Excels statistical features.
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LEARNING OBJECTIVES

After completing the chapter,
you should be able to

1. Define statistics.

2. ldentify the two major branches of
statistics, describe their function, and
discuss the role of probability as the
link between the two.

3. Distinguish between a deterministic
and probabilistic world view.

4. Differentiate qualitative from
quantitative data, times series data
from cross-sectional data, and define
the four levels of measurement.

5. Discuss the various sources of data.
6. Summarize the main points in ASA's

Ethical Guidelines for Statistical
Practice.
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EVERYDAY STATISTICS

Data, Data Everywhere

he past decade has been marked by an incredible

growth in the collection and analysis of data. Today more

and more companies are assembling large databases in
an effort to learn more about their customers, their competitors,
and the environment they live in. In the frenzy to mine this data
bonanza, statisticians suddenly find themselves front and
center. “It's like an arms race to hire statisticians nowadays,”
Andreas Weigend, the former chief scientist at Amazon, told
the New York Times. “Mathematicians are suddenly sexy.”
(Well, that last part might be a bit of a stretch.)

How much information is out there? To answer that
question, we first need a suitable unit of measurement.
Digitally stored

information is
measured in bits
and bytes. One
bit (abbreviated
"b") represents
one choice be-
tweenQand 1, or
“yes" and “no.”
One byte (abbre-
viated “B") is
made up of 8
bits, about the
amount of infor-

mation required
to represent a

"l lost my homework on the cloud.” single letter in

© Aaron Bacall/www.CartoonStock.com

the English lan-
guage. One thousand bytes makes a kilobyte (KB), one million
bytes makes a megabyte (MB), and one million million bytes
(10"?) is called a terabyte. The amount of information stored in
the world has now grown to the point where we need new
terms of measurement: enter exabytes (10'® bytes) and zetta-
bytes (102! bytes).

Researchers estimate that as of 2011, there were 1.8
zettabytes of data stored in the world. They arrived at that
number by adding up the huge quantities of data stored on
60 different media, from PC hard drives and DVDs to books,
newspapers, and vinyl records. (The number of books needed
to hold this much data would cover a country the size of China
13 times over.) Not surprisingly, most of these data are now
stored in digital form. In fact, that's been true since 2002,
when, for the first time, digital data storage surpassed nondig-
ital forms. According to Martin Hilbert, a scholar of the infor-
mation age, “You could say the digital age started in 2002.
That was the turning point.” Since then, the amount of stored
information has continued to grow exponentially. Facebook
users alone upload more than 1,000 photos per second, add-
ing up to 3 billion stored photos to the world’s stock of digital
data each month. Between 2002 and the present, it's esti-
mated that the share of the world’s information stored in digi-
tal form grew to nearly 94 percent.

Where is all this data? Most of it is currently on the hard
drives of personal computers, but data storage is increasingly
moving to data clouds—large-scale, off-site storage systems
owned and maintained by companies like Google, Apple,
EMC, and Microsoft. Cloud storage offers a low-cost option
that allows users—both individual and corporate—to access
their data from any location with an Internet connection.
Needless to say, this has only added to the appetite for
collecting more data.

So what are all these zettabytes of data good for? Frankly,
not much, until they're transformed into useful information and
communicated effectively. That’s where statisticians play their
most important role—distilling the numbers into meaningful
information in order to answer questions and provide insight.

WHAT'S AHEAD: In this chapter and those that follow, we'll
provide the statistical tools needed to turn data into
information.

Statistical thinking will one day be as

necessary for efficient citizenship as the ability
to read and write. —H. G. Wells
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“"The Nasdaq gave up all of yesterday’s gains and then some, as it dropped
nearly 16 points to close at 2744.” “"The Angels slugger hit two towering home
runs, lifting his RBI total to 132 and his batting average to .316.” “Teamsters
officials argued that median pay, in constant dollars, was down 16% from five
years ago and vowed to make no more concessions.” “According to NEA
researchers, the relationship between income and SAT score appears undeni-
able; their study showed an r? of .91 and a p-value of .0002."”

Sound a little like a foreign language? These kinds of statements, laden
with technical terms and loaded with numbers, now seem an inescapable part
of our everyday experience. Confronted daily by a barrage of data, most of us
filter out what seems too complex and deal only with those bits and pieces that
we can easily digest.

As we'll shortly see, the study of statistics will greatly expand our ability to
understand and manage the flood of facts and figures rising around us. It will
allow us to crack the code of numeric and nonnumeric data and give us the
capacity to intelligently assess the information they contain. Crucially for us, an
understanding of statistics will open the door to valuable sources of informa-
tion that we might otherwise have ignored or overlooked.

The future that H.G. Wells predicted—a future in which statistical skills will
be an indispensable part of life—has surely arrived. To survive and prosper in
this age of easy data access, we'll need to prepare both for its unique chal-
lenges and for its unprecedented opportunities. In truth, to do otherwise is to

surrender the future to someone else.

1.1 Statistics Defined

In common usage, the term szatistics can take on a variety of meanings. It’s frequently used to
describe data of almost any sort—height, weight, stock prices, batting average, GPA, tem-
perature, and the like. Some people might connect the term to the results of surveys, polls,
and questionnaires. In this text, we'll use statistics primarily to designate a specific academic
discipline focused on methods of data collection, analysis, and presentation. In virtually every
case, statistics involves the transformation of data into information.

D> Defining Statistics

Statistics is the art and science of collecting, analyzing, interpreting, and presenting
data in an effort to transform the data into useful information.

In a business setting, statistical analysis generally implies translating raw numbers into
meaningful information in order to establish the basis for sound decision making, whether we're
sorting out the day’s stock quotations to make a more informed investment decision or unscram-
bling the latest market research data so we can better respond to customer needs and wants.

1.2 Branches of Statistics

The area of statistics can be divided into two principal branches: descriptive statistics and statis-
tical inference (ot inferential statistics).



TABLE 1.1
Cross-tabulation Table Showing Survey Results for 511
Executives from Companies of Various Sizes

Opinion of Economy Company Size

i Today vs. 6 Months Ago Small Medium Large Totals

E Better 179 91 89 359
Same 61 37 25 123
Worse 23 3 3 29
Totals 263 131 117 511

Source: Bay Area Business Confidence Survey, Evans-McDonough

Descriptive Statistics

Descriptive statistics focuses directly on summarizing and presenting data. It’s here that we'll
find ways to refine, distill, and describe data so that the numbers involved become more than
simply numbers. We'll look at summary measures as basic as the average that will allow us to
communicate the essence of a data set using only one or two values. We'll work with various
table formats to help organize data. (See, for example, Table 1.1.)

We'll also use graphical forms to display data, following the familiar saying that a picture is
worth a thousand words—or numbers. Pictures as simple as bar chares (Figure 1.1) and pie chars
(Figure 1.2) have the ability to communicate a great deal of information quickly and effectively.

Statistical Inference

When dealing with especially large or complex data sets, it is sometimes necessary, for reasons of
time, cost, or convenience, to draw conclusions about the entire data set by examining only a

Average Gas Prices (April 22, 2013)

$3.86
3.72

g 5 Lundberg

= Survey (2500
-

$3.54 stations)
Regular Midrange Premium
Grade

Twitter Users by Age (2013)

35-44 yrs
22%

Source: Jobstock.com

1.2 € Branches of Statistics

FIGURE 1.1 Bar Chart Showing
Results of a National Gas Price
Survey

FIGURE 1.2 Pie Chart Showing
Twitter Users by Age Group
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FIGURE 1.3 The Steps of
Statistical Inference

The Inference Process

POPULATION

SAMPLE

| 1. Select a sample.

| 2. Study the sample.

3. Connect what you learned about the sample back to
the population.

subset—a sample—of the values involved. Statistical inference, or inferential statistics, deals
with the selection and use of sample data to produce information about the larger population from
which the sample was selected. Following the rules of statistical inference will enable us to infer
whats likely to be true of the population based solely on the data in the sample (see Figure 1.3).

In this setting, the term statistic is often used to refer specifically to summary characteristics
of a sample. For example, the average purchase amount for a sample of 10 customers selected to
represent a population of 1000 customers would be considered a sample “statistic.” In contrast,
summary characteristics of a population are frequently referred to as parameters. (In our exam-
ple, the average purchase amount for the population of 1000 customers would be a population
parameter.) In statistical inference, we routinely use sampling theory to connect sample statistics
to population parameters. Table 1.2 shows more examples of parameters and statistics.

Probability Theory: The Link

As we've already implied, probability theory—the study of likelihood or chance—can be seen
as the link between descriptive and inferential statistics. Knowledge of basic probability theory
will allow us to connect what we see in a sample to what we would /ikely see in the population
being represented by the sample (see Figure 1.4).

TABLE 1.2

Population Parameters and Sample Statistics

1 Population

i Population Parameter Sample Sample Statistic

All 1200 units in a Percentage of the 50 units selected Percentage of :
i shipment of components in the from the shipment sample items that are |
electronic shipment that are defective |
i components defective

All 1500 employees
i of Company XYZ

' All 130 million US
! registered voters

- All 15,000 students
i at University A; All

20,000 students at
i University B

Average years at the
company for the
1500 employees

Percentage of all
registered voters who
support income

tax reform

Difference in average
SAT scores for the
two student
populations

25 employees
selected at random

1200 voters
contacted randomly
by telephone

200 students
selected from each
of the two university
populations

Average years at the
company for the 25
employees in the
sample

Percentage of
sample members
who support income
tax reform

Difference in average
SAT scores for :
students in the two
samples
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FIGURE 1.4 The Linking Role of
Inferential Probability Theory

Statistics

Descriptive
Statistics

Probability
Theory

1.3 Two Views of the World

There’s no such thing as chance. —Friedrich Schiller
Chance governs all. —John Milton

To put statistical analysis into a somewhat broader context, it’s useful to identify two distinct
analytic views of the world—two sets of beliefs about “how things are”: a deterministic view and
a probabilistic view.

A World of Certainty

With a deterministic view of the world, the world we see is essentially a world of certainty. It’s
a world that consists exclusively of one-to-one, cause-and-effect relationships—given some
cause, there’s a unique and identifiable effect; given some effect, there’s a definite, identifiable
cause. The world here, while not necessarily simple, is at least well defined. In this world, the
direction and trajectory of a golf ball are perfectly predictable, and the stopping point of a
spinning roulette wheel is purely a matter of force and friction.

A World of Uncertainty

In contrast, under a probabilistic view of the world, things don’t appear quite so straightfor-
ward. Here, given some cause, there may well be a number of possible effects; given some
effect, there may be a number of possible causes. In this view of reality, there’s randomness in
the world. Here, the world is dominated by real, and complicating, #ncertainty. In this world,
rain clouds don’t always bring rain, and “sure things” sometimes fizzle.

It turns out that for each of these two contrasting worldviews, an appropriate set of ana-
lytic tools is available. Tools such as linear programming and differential calculus are often
applied to problems encountered in a certain (that is, deterministic) world. By contrast, the
tools of probability and statistics, especially inferential statistics, are designed to deal with
problems arising in a distinctly uncertain world.

NOTE: For centuries there’s been active scientific, philosophical, and theological debate over whether the world
is completely deterministic (that is, nonrandom) or whether there are truly random or “chance” forces at work in
nature. If the world is deterministic—that is, if the world consists solely of perfect cause-and-effect relationships—
probability is not really an objective measure of chance or likelihood since, in a deterministic world, there’s no such
thing as chance. Rather, probability is just an “expression of our ignorance” (in the words of French mathematician
Pierre-Simon Laplace) or our response to a lack of information. In this sort of world, the results of tossing a coin
are uncertain only for someone unable to apply the laws of physics. With the emergence of quantum mechanics
in the twentieth century, the strictly deterministic view of the world was challenged by evidence that randomness
is, in fact, an inherent part of nature. Although this is an interesting issue and clearly deserving of discussion, we’ll
leave it to the philosophers and physicists to sort it out. For whether we view uncertainty as an intrinsic part of the
natural world or merely the result of having less than perfect information, understanding the principles of proba-
bility and statistics can add significantly to our ability to make informed decisions.

1.4 The Nature of Data

Qualitative and Quantitative Data

To this point we've used the term data pretty loosely. In statistics, the term refers specifically to
facts or figures that are subject to summarization, analysis, and presentation. A data set is a
collection of data having some common connection. Data can be either numeric or nonnu-
meric. Numeric data are data expressed as numbers. Nonnumeric data are represented in
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other ways, often with words or letters. Telephone numbers and golf scores are examples of
numeric data. Nationalities and nicknames are nonnumeric.

Data can also be classified as gualitative or quantitative. Qualitative data are just names
and labels for things. For example, when interviewers in a Harris poll record the gender and
the ZIP code of poll participants, theyre collecting gualitative data. Similarly, when partici-
pants in the poll are asked whether they agree or disagree with a particular statement, they’re
providing gualitative data. Table 1.3 shows one person’s answers to a survey question designed
to elicit qualitative responses.

Qualitative data are usually nonnumeric—not represented by a number—Dbut can some-
times be numeric. For example, ZIP codes are numeric qualitative data since they use numbers
just to label, not to count or measure. We could transform nonnumeric qualitative data like
gender to a numeric form by letting “1” represent female and “2” represent male, but we'd be
using the numbers only as category labels, so the data would remain qualitative.

Whenever we're recording things like age or income or commuting time, we're collecting guan-
titative data. Quantitative data represent measurements or counts and are always numeric.

Statistical data are typically the result of successive observations of some characteristic of
a group. The characteristic being observed is referred to as a variable. Variables associated with
qualitative data are qualitative (or categorical) variables. Variables associated with quantitative
data are quantitative variables. Gender, student ID number, and marital status, then, are
qualitative variables; income, age, and 1Q are quantitative variables.

Tablel.4 shows more examples of qualitative and quantitative variables.

You might take a minute to decide which of the qualitative variables in Table 1.4 are gen-
erally numeric and which are generally nonnumeric.

Time Series and Cross-Sectional Data

Data collected over time or representing values of a variable in two or more time periods are
called time series data. If, for example, we show the US cost of living index for each of the
years 2007 to 2014, we're dealing with time series data. By contrast, a chart indicating the
2010 cost of living index for each of 10 countries involves cross-sectional data—data col-
lected at, or representing, the same point in time. Importantly, time series data can create
special statistical challenges (for example, how should we compare incomes in 1960 with
incomes in 2014?) that aren’t generally present in cross-sectional studies.

TABLE 1.3
One Person’s Answers to a Survey Question Seeking a
Qualitative Response

i Question: How much confidence do you have in ?

: A Great Deal Only Some Hardly Any Not Sure
The military v

Colleges and universities Vv

Medicine vV

The White House vV

The U.S. Supreme Court %
Organized religion V4

The press vV

Organized labor vV

Congress 2

Major companies vV ‘
Law firms vV

Source: Harris Interactive Survey, harrisinteractive.com.



TABLE 1.4
Qualitative and Quantitative Variables

Variable Qualitative Quantitative
Years of job seniority X
Favorite books X

Temperature X
Height X
Number of siblings X
College attended X

Color of hair X

Exchange rate X
Country of origin X

Social Security Number X

Occupation X

Size of the national debt X
Political party affiliation X

Weight X
Area code X

Apartment number X

Golf handicap X

Levels of Measurement

The main focus in our text is on numeric data, and whenever numeric data are collected,
whether from historical records, observation, or controlled experimentation, the process of
measurement—assigning proper values to observed phenomena—is involved. And whenever
the process of measurement is involved, the issue of levels of measurement becomes important.
Since most statistical techniques are suited to data measured only at certain levels, any user of
statistical analysis should be aware of the level of measurement involved in his or her data. We
can, in fact, describe four distinct measurement levels.

Nominal Data

Nominal data represent the lowest level of measurement. With nominal data, each value serves
strictly as a label or a name. For example, a country of origin data set could include the possible
values France (designated as country 1), the United States (country 2), Japan (country 3), and
so on. With this sort of data, there’s no natural ordering of values; the “value” of France (1) is
no larger or smaller than the “value” of Japan (3). Each value is just an identifier.

Ordinal Data

Ordinal data represent a step up on the measurement scale. Here, in contrast to the strictly
nominal case, values can be meaningfully rank-ordered. For example, in the Harris survey
cited in Table 1.3), possible responses “A Great Deal,” “Only Some,” and “Hardly Any”
could be easily compared and ranked in order of most-to-least favorable. If we assigned a
number to each of the possible responses—for example, 1 to “A Great Deal,” 2 to “Only
Some,” and 3 to “Hardly Any”—the order, in terms of favorability, is clear: 1 is a higher
rank than 2, and 2 is a higher rank than 3. It’s important to note, however, that with ordi-
nal data, even though rank ordering is possible, measuring or interpreting the precise dif-
ference between successive ranks is normally difficult or impossible. For example, a rank of
2 is higher than a rank of 3, but how much higher? “A Great Deal” is a more favorable
response than “Only Some,” but how much more favorable is it? With ordinal data, there’s
no reason to believe that the distance between a number 1 ranking and a number 2 ranking

1.4 € The Nature of Data
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