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A NOTE FROM THE AUTHORS

Vi

Over the years, we received many compliments on this text and understand that it's a
favorite among students. We accept that as the highest compliment and continue to
work very hard to maintain that status.

The objective of Statistical Techniques in Business and Economics is to provide
students majoring in management, marketing, finance, accounting, economics, and
other fields of business administration with an introductory survey of descriptive and infer-
ential statistics. To illustrate the application of statistics, we use many examples and
exercises that focus on business applications, but also relate to the current world of the
college student. A previous course in statistics is not necessary, and the mathematical
requirement is first-year algebra.

In this text, we show beginning students every step needed to be successful in
a basic statistics course. This step-by-step approach enhances performance, accel-
erates preparedness, and significantly improves motivation. Understanding the
concepts, seeing and doing plenty of examples and exercises, and comprehending
the application of statistical methods in business and economics are the focus of
this book.

The first edition of this text was published in 1967. At that time, locating relevant
business data was difficult. That has changed! Today, locating data is not a problem.
The number of items you purchase at the grocery store is automatically recorded at
the checkout counter. Phone companies track the time of our calls, the length of calls,
and the identity of the person called. Credit card companies maintain information on
the number, time and date, and amount of our purchases. Medical devices automati-
cally monitor our heart rate, blood pressure, and temperature from remote locations.
A large amount of business information is recorded and reported almost instantly.
CNN, USA Today, and MSNBC, for example, all have websites that track stock prices
in real time.

Today, the practice of data analytics is widely applied to “big data.” The practice
of data analytics requires skills and knowledge in several areas. Computer skills are
needed to process large volumes of information. Analytical skills are needed to
evaluate, summarize, organize, and analyze the information. Critical thinking skills
are needed to interpret and communicate the results of processing the
information.

Our text supports the development of basic data analytical skills. In this edition,
we added a new section at the end of each chapter called Data Analytics. As you
work through the text, this section provides the instructor and student with opportu-
nities to apply statistical knowledge and statistical software to explore several busi-
ness environments. Interpretation of the analytical results is an integral part of these
exercises.

A variety of statistical software is available to complement our text. Microsoft Excel
includes an add-in with many statistical analyses. Megastat is an add-in available for
Microsoft Excel. Minitab and JMP are stand-alone statistical software available to down-
load for either PC or MAC computers. In our text, Microsoft Excel, Minitab, and Megastat
are used to illustrate statistical software analyses. When a software application is pre-
sented, the software commands for the application are available in Appendix C. We use
screen captures within the chapters, so the student becomes familiar with the nature of
the software output.

Because of the availability of computers and software, it is no longer necessary to
dwell on calculations. We have replaced many of the calculation examples with interpre-
tative ones, to assist the student in understanding and interpreting the statistical results.
In addition, we place more emphasis on the conceptual nature of the statistical topics.
While making these changes, we still continue to present, as best we can, the key con-
cepts, along with supporting interesting and relevant examples.



WHAT’S NEW IN THE SEVENTEENTH EDITION?

We have made many changes to examples and exercises throughout the text. The sec-
tion on “Enhancements” to our text details them. The major change to the text is in
response to user interest in the area of data analytics. Our approach is to provide in-
structors and students with the opportunity to combine statistical knowledge, computer
and statistical software skills, and interpretative and critical thinking skills. A set of new
and revised exercises is included at the end of chapters 1 through 18 in a section titled
“Data Analytics.”

In these sections, exercises refer to three data sets. The North Valley Real Estate
sales data set lists 105 homes currently on the market. The Lincolnville School District
bus data lists information on 80 buses in the school district’s bus fleet. The authors de-
signed these data so that students will be able to use statistical software to explore the
data and find realistic relationships in the variables. The Baseball Statistics for the 2016
season is updated from the previous edition.

The intent of the exercises is to provide the basis of a continuing case analysis. We
suggest that instructors select one of the data sets and assign the corresponding exer-
cises as each chapter is completed. Instructor feedback regarding student performance
is important. Students should retain a copy of each chapter’s results and interpretations
to develop a portfolio of discoveries and findings. These will be helpful as students
progress through the course and use new statistical techniques to further explore the
data. The ideal ending for these continuing data analytics exercises is a comprehensive
report based on the analytical findings.

We know that working with a statistics class to develop a very basic competence in
data analytics is challenging. Instructors will be teaching statistics. In addition, instruc-
tors will be faced with choosing statistical software and supporting students in develop-
ing or enhancing their computer skills. Finally, instructors will need to assess student
performance based on assignments that include both statistical and written compo-
nents. Using a mentoring approach may be helpful.

We hope that you and your students find this new feature interesting and engaging.

vii



HOW ARE CHAPTERS ORGANIZED TO ENGAGE
STUDENTS AND PROMOTE LEARNING?

Chapter Learning Objectives

Each chapter begins with a set of
learning objectives designed to pro-
vide focus for the chapter and motivate
student learning. These objectives, lo-
cated in the margins next to the topic,
indicate what the student should be
able to do after completing each sec-
tion in the chapter.

Chapter Opening Exercise

A MERRILL LYNCH recently completed a study of online investment portfolios for a sample
of clients. For the 70 participants in the study, organize these data into a frequency
distribution. (See Exercise 43 and LO2-3.)

LEARNING OBJECTIVES

When you have completed this chapter, you will be able to:

LO2-1 Summarize qualitative variables with frequency and relative frequency tables.
LO2-2 Display a frequency table using a bar or pie chart.
LO2-3 Summarize quantitative variables with frequency and relative frequency distributions.

LO2-4 Display a frequency distribution using a histogram or frequency polygon.

A representative exercise opens the chapter and shows how the chapter content can be applied to a real-world

situation.

Introduction to the Topic

Each chapter starts with a review of
the important concepts of the previ-
ous chapter and provides a link to the
material in the current chapter. This
step-by-step approach increases com-
prehension by providing continuity
across the concepts.

Example/Solution

After important concepts are introduced,
a solved example is given. This example
provides a how-to illustration and shows
a relevant business application that
helps students answer the question,
“How can | apply this concept?”

Self-Reviews

INTRODUCTION

The United States automobile retailing industry is highly competitive. It is dominated by
megadealerships that own and operate 50 or more franchises, employ over 10,000
people, and generate several billion dollars in annual sales. Many of the top dealerships
are publicly owned with shares traded on the New York Stock Exchange
or NASDAQ. In 2014, the largest megadealership was AutoNation (ticker
symbol AN), followed by Penske Auto Group (PAG), Group 1 Automotive,
Inc. (ticker symbol GPI), and the privately owned Van Tuyl Group.

These large corporations use statistics and analytics to summarize
and analyze data and information to support their decisions. As an ex-
ample, we will look at the Applewood Auto group. It owns four dealer-
ships and sells a wide range of vehicles. These include the popular
Korean brands Kia and Hyundai, BMW and Volvo sedans and luxury
SUVs, and a full line of Ford and Chevrolet cars and trucks.

P EXAMPLE

The service departments at Tionesta Ford Lincoln and Sheffield Motors Inc., two
of the four Applewood Auto Group dealerships, were both open 24 days last
month. Listed below is the number of vehicles serviced last month at the two
dealerships. Construct dot plots and report summary statistics to compare the
two dealerships.

Tionesta Ford Lincoln

Monday Tuesday Wednesday Thursday Friday Saturday

23 33 27 28 39 26
30 32 28 33 35 32
29 25 36 31 32 27
35 32 35 37 36 30

Self-Reviews are interspersed
throughout each chapter and

follow Example/Sqution sec- @ @ m the weight of the 8-ounce jar of peanut butter. The weights of a sample of nine jars pro-

tions. They help students mon-
itor their progress and provide
immediate reinforcement for
that particular technique. An-

The Quality Control department of Plainsville Peanut Company is responsible for checking

duced last hour are:

769 1.72 7.8 7.86 790 794 797 806 8.09

(@) What is the median weight?
(b) Determine the weights corresponding to the first and third quartiles.

swers are in Appendix E.

viii



Statistics in Action

Statistics in Action articles are scattered through-
out the text, usually about two per chapter. They
provide unique, interesting applications and his-
torical insights in the field of statistics.

STATISTICS IN ACTION

If you wish to get some
attention at the next gath-
ering you attend, announce
that you believe that at
least two people present
were born on the same
date—that is, the same

day of the year but not
necessarily the same year.
If there are 30 people in
the room, the probability of
a duplicate is .706. If there
are 60 people in the room

Definitions

Definitions of new terms or terms unique to
the study of statistics are set apart from the
text and highlighted for easy reference and

JOINT PROBABILITY A probability that measures the likelihood two or more
events will happen concurrently.

review. They also appear in the Glossary at
the end of the book.

Formulas

Formulas that are used for the first time are
boxed and numbered for reference. In addi-

SPECIAL RULE OF MULTIPLICATION

P(A and B) = P(A)P(B) [5-5]

tion, a formula card is bound into the back of
the text that lists all the key formulas.

Exercises

Exercises are included after sec- EXERCISES

tions within the chapter and at
the end of the chapter. Section
exercises cover the material stud-
ied in the section. Many exercises
have data files available to import
into statistical software. They are
indicated with the FILE icon.

For Exercises 47-52, do the following:

48. The following five values are a sample: 11, 6, 10, 6, and 7.
49. [dl83 Dave’s Automatic Door, referred to in Exercise 37, installs automatic garage

50.

. Consider these values a sample: 7, 2, 6, 2, and 3.

a. Compute the sample variance.
b. Determine the sample standard deviation.

door openers. Based on a sample, following are the times, in minutes, required to
install 10 door openers: 28, 32, 24, 46, 44, 40, 54, 38, 32, and 42.

The sample of eight companies in the aerospace industry, referred to in Exer-
cise 38, was surveyed as to their return on investment last year. The results are
10.6.12.6.14.8,18.2, 12.0, 14.8, 12.2, and 15.6.

Answers to the odd-numbered
exercises are in Appendix D.

Computer Output

The text includes many software examples, using
Excel, MegaStat®, and Minitab. The software results are
illustrated in the chapters. Instructions for a particular
software example are in Appendix C.

() APPLEWOOD AUTO GROUP

(T e e D | G H
1 Age Profit Location Vehicle-Type Previous Profit
2 21 $1,387 Tionesta Sedan 0
; 23 51,754 Sheffield Suv 1 Mean 1843.17
4 24 $1,817 Sheffield Hybrid 1 Standard Error 47.97
5 25 $1,040 Sheffield Compact 0 Median 1882.50
_T 76 | 51,273 Kane Sedan 1 Mode 1915.00
7 | 27 51,529 Sheffield Sedan 1 Standard Deviation 643.63
8| 27 $3,082 Kane Truck 0 Sample Variance 414256.61
98 28 | 51,951 Kane suv 1 Kurtosis -0.22
10| 28 $2,692 Tionesta Compact 0 Skewness -0.24
a8 29 | 51302 Kane Sedan 2 Range 2998
12| 29 $1,206 Sheffield Sedan 0 Minimum 294
13 | 30 5443 Kane Sedan 3 Maximum 3292
F 30 51,621 Sheffield Truck d, Sum 331770
15 30 $754 Olean Sedan 2 Count 180




HOW DOES THIS TEXT REINFORCE
STUDENT LEARNING?

BY CHAPTER

Chapter Summary

Each chapter contains a brief summary
of the chapter material, including vocab-
ulary, definitions, and critical formulas.

Pronunciation Key

This section lists the mathematical symbol,
its meaning, and how to pronounce it. We
believe this will help the student retain the
meaning of the symbol and generally en-
hance course communications.

Chapter Exercises

Generally, the end-of-chapter exercises
are the most challenging and integrate
the chapter concepts. The answers and
worked-out solutions for all odd-
numbered exercises are in Appendix D
at the end of the text. Many exercises
are noted with a data file icon in the
margin. For these exercises, there are
data files in Excel format located on the
text’s website, www.mhhe.com/Lind17e.
These files help students use statistical
software to solve the exercises.

Data Analytics

The goal of the Data Analytics sec-
tions is to develop analytical skills.
The exercises present a real world
context with supporting data. The data
sets are printed in Appendix A and
available to download from the text’s
website www.mhhe.com/Lind17e. Statistical
software is required to analyze the data
and respond to the exercises. Each data
set is used to explore questions and dis-
cover findings that relate to a real world
context. For each business context, a
story is uncovered as students progress
from chapters one to seventeen.

CHAPTER SUMMARY

I. A random variable is a numerical value determined by the outcome of an experiment.
II. A probability distribution is a listing of all possible outcomes of an experiment and the
probability associated with each outcome.
A. A discrete probability distribution can assume only certain values. The main features are:
1. The sum of the probabilities is 1.00.
2. The probability of a particular outcome is between 0.00 and 1.00.
3. The outcomes are mutually exclusive.
B. A continuous distribution can assume an infinite number of values within a specific range.
Ill. The mean and variance of a probability distribution are computed as follows.
A. The mean is equal to:
b= Z[xP(x)] (6-1)
B. The variance is equal to:

0% = X[(x — p)°P(x)] (6-2)

DATA ANALYTICS

PRONUNCIATION KEY

SYMBOL MEANING PRONUNCIATION
P(A) Probability of A PofA
P(~A) Probability of not A P of not A
P(A and B) Probability of A and B PofAandB
P(A or B) Probability of A or B PofAorB
P(AIB) Probability of A given B has happened P of A given B
P Permutation of n items selected r at a time Pnr

C Combination of n items selected r at a time Cnr

n-r

CHAPTER EXERCISES

25. According to the local union president, the mean gross income of plumbers in the Salt
Lake City area follows the normal probability distribution with a mean of $45,000 and a
standard deviation of $3,000. A recent investigative reporter for KYAK TV found, for a
sample of 120 plumbers, the mean gross income was $45,500. At the .10 significance
level, is it reasonable to conclude that the mean income is not equal to $45,000? Deter-
mine the p-value.

26. Rutter Nursery Company packages its pine bark mulch in 50-pound bags. From a
long history, the production department reports that the distribution of the bag weights
follows the normal distribution and the standard deviation of the packaging process is
3 pounds per bag. At the end of each day, Jeff Rutter, the production manager, weighs
10 bags and computes the mean weight of the sample. Below are the weights of
10 bags from today’s production.

456 417 476 46.3 46.2 474 49.2 55.8 475 485

a. Can Mr. Rutter conclude that the mean weight of the bags is less than 50 pounds?
Use the .01 significance level.

b. In a brief report, tell why Mr. Rutter can use the z distribution as the test statistic.

c. Compute the p-value.

27. A new weight-watching company, Weight Reducers International, advertises that those
who join will lose an average of 10 pounds after the first two weeks. The standard devi-
ation is 2.8 pounds. A random sample of 50 people who joined the weight reduction
program revealed a mean loss of 9 pounds. At the .05 level of significance, can we

(The data for these exercises are available at the text website: www.mhhe.com/lind17e.)

74. Refer to the North Valley Real Estate data, which report information on homes sold
during the last year.

a. The mean selling price (in $ thousands) of the homes was computed earlier to be $357.0,
with a standard deviation of $160.7. Use the normal distribution to estimate the percent-
age of homes selling for more than $500.000. Compare this to the actual resullts. Is price
normally distributed? Try another test. If price is normally distributed, how many homes
should have a price greater than the mean? Compare this to the actual number of homes.
Construct a frequency distribution of price. What do you observe?

b. The mean days on the market is 30 with a standard deviation of 10 days. Use

12-2. The Excel commands for the one-way ANOVA on page 400 are:
a. Key in data into four columns labeled Northern, WTA, Po-
cono, and Branson.

Software Commands

Software examples using Excel, Mega-
Stat®, and Minitab are included through-
out the text. The explanations of the

computer input commands are placed at | [
the end of the text in Appendix C. LR

Grouped By:

v

Select the Data tab on the top menu. Then, on the far right,
select Data Analysis. Select ANOVA: Single Factor, then
click OK.

In the subsequent dialog box, make the input range A1:D8,

o

click on Grouped by Columns, click on Labels in first row,
the Alpha text box is 0.05, and finally select Output Range |
as F1 and click OK.

$AS1:D$8 [ o]
® cars (oo ]
[] Labels in first row

Alpha: |0.05

Output options
® Qutput Range: $Fsil [
New Worksheet Ply:
New Workbook




Answers to Self-Review 16-7 a. -
The worked-out solutions to the Self-Reviews are pro- x y x y d d?
vided at the end of the text in Appendix E. 305 23 5.5 1 45 20.25
777 62 3.0 9 -6.0 36.00
820 60 8.5 8 0.5 0.25
682 40 1.0 4 -3.0 9.00
777 70 3.0 10 -7.0 49.00
810 28 7.0 2 5.0 25.00
805 30 55 3 25 6.25
840 42 10.0 5 5.0 25.00
777 55 3.0 7 —-4.0 16.00
820 51 85 6 25 6.25
0 193.00

BY SECTION

Section Reviews

After selected groups of chapters
(1-4,5-7,8 and 9, 10-12, 13 and
14, 15 and 16, and 17 and 18), a
Section Review is included. Much
like a review before an exam, these
include a brief overview of the chap-
ters and problems for review.

Cases

The review also includes continuing
cases and several small cases that let
students make decisions using tools
and techniques from a variety of
chapters.

Practice Test

outputs in these chapters demonstrated how quickly and effectively a large data set can be organized into a frequency

A REVIEW OF CHAPTERS 1-4

This section is a review of the major concepts and terms introduced in Chapters 1-4. Chapter 1 began by describing the
meaning and purpose of statistics. Next we described the different types of variables and the four levels of measurement.
Chapter 2 was concerned with describing a set of observations by organizing it into a frequency distribution and then
portraying the frequency distribution as a histogram or a frequency polygon. Chapter 3 began by describing measures of
location, such as the mean, weighted mean, median, geometric mean, and mode. This chapter also included measures of
dispersion, or spread. Discussed in this section were the range, variance, and standard deviation. Chapter 4 included
several graphing techniques such as dot plots, box plots, and scatter diagrams. We also discussed the coefficient of skew-
ness, which reports the lack of symmetry in a set of data.

Throughout this section we stressed the importance of statistical software, such as Excel and Minitab. Many computer

CASES

2. Determine the mean and median of the checking ac-
count balances. Compare the mean and the median
balances for the four branches. Is there a difference
among the branches? Be sure to explain the difference
between the mean and the median in your report.

3. Determine the range and the standard deviation of
the checking account balances. What do the first and
third quartiles show? Determine the coefficient of
skewness and indicate what it shows. Because
Mr. Selig does not deal with statistics daily, include a
brief description and interpretation of the standard
deviation and other measures.

A. Century National Bank
The following case will appear in subsequent review sec-
tions. Assume that you work in the Planning Department of
the Century National Bank and report to Ms. Lamberg. You
will need to do some data analysis and prepare a short writ-
ten report. Remember, Mr. Selig is the president of the bank,
so you will want to ensure that your report is complete and
accurate. A copy of the data appears in Appendix A.6.
Century National Bank has offices in several cities in
the Midwest and the southeastern part of the United
States. Mr. Dan Selig, president and CEO, would like to
know the characteristics of his checking account custom-
ers. What is the balance of a typical customer? B
How many other bank services do the checking ac-
count customers use? Do the customers use the ATM ser-
vice and, if so, how often? What about debit cards? Who

. Wildcat Plumbing Supply Inc.:
Do We Have Gender Differences?
Wildcat Plumbing Supply has served the plumbing
Ari £

de af Sauth, + than A0

PRACTICE TEST

There is a practice test at the end of each review section. The tests are in two parts. The first part contains several objec-
tive questions, usually in a fill-in-the-blank format. The second part is problems. In most cases, it should take 30 to 45
minutes to complete the test. The problems require a calculator. Check the answers in the Answer Section in the back of

The Practice Test is intended to
give students an idea of content
that might appear on a test and
how the test might be structured.
The Practice Test includes both
objective questions and problems
covering the material studied in
the section.

the book.

Part 1—Objective
1

. The science of collecting, organizing, presenting, analyzing, and interpreting data to assist in

making effective decisionsiscalled .

2. Methods of organizing, summarizing, and presenting data in an informative way are

called

3. The entire set of individuals or objects of interest or the measurements obtained from all

individuals or objects of interest are called the

Xi
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Connect Insight is Connect’s new one-of-a-
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What is Statistics?

(&

© Kelvin Wong/Shutterstock.com

A BEST BUY sells Fitbit wearable technology products that track a person’s physical
activity and sleep quality. The Fitbit technology collects daily information on a person’s
number of steps so that a person can track calories consumed. The information can be
synced with a cell phone and displayed with a Fitbit app. Assume you know the daily
number of Fitbit Flex 2 units sold last month at the Best Buy store in Collegeville,
Pennsylvania. Describe a situation where the number of units sold is considered a
sample. lllustrate a second situation where the number of units sold is considered a
population. (See Exercise 11 and LO1-3.)

LEARNING OBJECTIVES

When you have completed this chapter, you will be able to:

LO1-1 Explain why knowledge of statistics is important.

LO1-2 Define statistics and provide an example of how statistics is applied.

LO1-3 Differentiate between descriptive and inferential statistics.

LO1-4 Classify variables as qualitative or quantitative, and discrete or continuous.
LO1-5 Distinguish between nominal, ordinal, interval, and ratio levels of measurement.

LO1-6 List the values associated with the practice of statistics.



2 CHAPTER 1

INTRODUCTION

Suppose you work for a large company and your supervisor asks you to decide if a new
version of a smartphone should be produced and sold. You start by thinking about the
product’s innovations and new features. Then, you stop and realize the consequences
of the decision. The product will need to make a profit so the pricing and the costs of
production and distribution are all very important. The decision to introduce the product
is based on many alternatives. So how will you know? Where do you start?

Without a long experience in the industry, beginning to develop an intelligence that
will make you an expert is essential. You select three other people to work with and meet
with them. The conversation focuses on what you need to know and what information
and data you need. In your meeting, many questions are asked. How many competitors
are already in the market? How are smartphones priced? What design features do com-
petitors’ products have? What features does the market require? What do customers
want in a smartphone? What do customers like about the existing products? The answers
will be based on business intelligence consisting of data and information collected
through customer surveys, engineering analysis, and market research. In the end, your
presentation to support your decision regarding the introduction of a new smartphone is
based on the statistics that you use to summarize and organize your data, the statistics
that you use to compare the new product to existing products, and the statistics to esti-
mate future sales, costs, and revenues. The statistics will be the focus of the conversa-
tion that you will have with your supervisor about this very important decision.
© Gregor Schuster/Getty Images RF As a decision maker, you will need to acquire and analyze data to support your
decisions. The purpose of this text is to develop your knowledge of basic statistical
techniques and methods and how to apply them to develop the business and personal
intelligence that will help you make decisions.

smartphone

WHY STUDY STATISTICS?

Explain why knowledge
of statistics is important. If you look through your university catalogue, you will find that statistics is required for

many college programs. As you investigate a future career in accounting, economics,
human resources, finance, business analytics, or other business area, you
also will discover that statistics is required as part of these college pro-
= grams. So why is statistics a requirement in so many disciplines?

A major driver of the requirement for statistics knowledge is the tech-
nologies available for capturing data. Examples include the technology
that Google uses to track how Internet users access websites. As people
use Google to search the Internet, Google records every search and then
uses these data to sort and prioritize the results for future Internet
searches. One recent estimate indicates that Google processes 20,000
terabytes of information per day. Big-box retailers like Target, Walmart,
Kroger, and others scan every purchase and use the data to manage the
distribution of products, to make decisions about marketing and sales,
and to track daily and even hourly sales. Police departments collect and
use data to provide city residents with maps that communicate informa-
tion about crimes committed and their location. Every organization is col-
lecting and using data to develop knowledge and intelligence that will
help people make informed decisions, and to track the implementation of
their decisions. The graphic to the left shows the amount of data gener-
ated every minute (www.domo.com). A good working knowledge of sta-
tistics is useful for summarizing and organizing data to provide information
that is useful and supportive of decision making. Statistics is used to make
valid comparisons and to predict the outcomes of decisions.

In summary, there are at least three reasons for studying statistics:
(1) data are collected everywhere and require statistical knowledge to

OATA NEVER SLEEPS




Define statistics and
provide an example of
how statistics is applied.

STATISTICS IN ACTION

A feature of our textbook is
called Statistics in Action.
Read each one carefully to
get an appreciation of the
wide application of statis-
tics in management,
economics, nursing, law
enforcement, sports, and
other disciplines.

* In 2015, Forbes pub-
lished a list of the rich-
est Americans. William
Gates, founder of
Microsoft Corporation,
is the richest. His net
worth is estimated at
$76.0 billion. (www
forbes.com)

In 2015, the four largest
privately owned American
companies, ranked by
revenue, were Cargill,
Koch Industries, Dell,
and Albertsons. (www
forbes.com)

In the United States, a
typical high school grad-
uate earns $668 per
week, a typical college
graduate with a bache-
lor’s degree earns
$1,101 per week, and a
typical college graduate
with a master’s degree
earns $1,326 per week.
(www.bls.gov/emp/
ep_chart_001.htm)
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make the information useful, (2) statistical techniques are used to make professional
and personal decisions, and (3) no matter what your career, you will need a knowl-
edge of statistics to understand the world and to be conversant in your career. An
understanding of statistics and statistical method will help you make more effective
personal and professional decisions.

WHAT IS MEANT BY STATISTICS?

This question can be rephrased in two, subtly different ways: what are statistics and
what is statistics? To answer the first question, a statistic is a number used to communi-
cate a piece of information. Examples of statistics are:

» The inflation rate is 2%.
» Your grade point average is 3.5.
+ The price of a new Tesla Model S sedan is $79,570.

Each of these statistics is a numerical fact and communicates a very limited piece of in-
formation that is not very useful by itself. However, if we recognize that each of these
statistics is part of a larger discussion, then the question “what is statistics” is applicable.
Statistics is the set of knowledge and skills used to organize, summarize, and analyze
data. The results of statistical analysis will start interesting conversations in the search
for knowledge and intelligence that will help us make decisions. For example:

» The inflation rate for the calendar year was 0.7%. By applying statistics we could
compare this year’s inflation rate to the past observations of inflation. Is it higher,
lower, or about the same? Is there a trend of increasing or decreasing inflation? Is
there a relationship between interest rates and government bonds?

» Your grade point average (GPA) is 3.5. By collecting data and applying statistics,
you can determine the required GPA to be admitted to the Master of Business
Administration program at the University of Chicago, Harvard, or the University of
Michigan. You can determine the likelihood that you would be admitted to a partic-
ular program. You may be interested in interviewing for a management position
with Procter & Gamble. What GPA does Procter & Gamble require for college grad-
uates with a bachelor’s degree? Is there a range of acceptable GPAs?

» You are budgeting for a new car. You would like to own an electric car with a small
carbon footprint. The price for the Tesla Model S Sedan is $79,570. By collecting
additional data and applying statistics, you can analyze the alternatives. For exam-
ple, another choice is a hybrid car that runs on both gas and electricity such as a
2015 Toyota Prius. It can be purchased for about $28,659. Another hybrid, the
Chevrolet Volt, costs $33,995. What are the differences in the cars’ specifications?
What additional information can be collected and summarized so that you can
make a good purchase decision?

Another example of using statistics to provide information to evaluate decisions is the
distribution and market share of Frito-Lay products. Data are collected on each of the
Frito-Lay product lines. These data include the market share and the pounds of product
sold. Statistics is used to present this information in a bar chart in Chart 1-1. It clearly
shows Frito-Lay’s dominance in the potato, corn, and tortilla chip markets. It also shows
the absolute measure of pounds of each product line consumed in the United States.

These examples show that statistics is more than the presentation of numerical in-
formation. Statistics is about collecting and processing information to create a conversa-
tion, to stimulate additional questions, and to provide a basis for making decisions.
Specifically, we define statistics as:

STATISTICS The science of collecting, organizing, presenting, analyzing, and
interpreting data to assist in making more effective decisions.
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descriptive and inferential
statistics.
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CHART 1—1 Frito-Lay Volume and Share of Major Snack Chip Categories in U.S. Supermarkets

In this book, you will learn the basic techniques and applications of statistics that
you can use to support your decisions, both personal and professional. To start, we will
differentiate between descriptive and inferential statistics.

TYPES OF STATISTICS

When we use statistics to generate information for decision making from data, we use
either descriptive statistics or inferential statistics. Their application depends on the
questions asked and the type of data available.

Descriptive Statistics

Masses of unorganized data—such as the census of population, the weekly earnings of
thousands of computer programmers, and the individual responses of 2,000 registered
voters regarding their choice for president of the United States—are of little value as is.
However, descriptive statistics can be used to organize data into a meaningful form. We
define descriptive statistics as:

DESCRIPTIVE STATISTICS Methods of organizing, summarizing, and presenting
data in an informative way.

The following are examples that apply descriptive statistics to summarize a large
amount of data and provide information that is easy to understand.

» There are a total of 46,837 miles of interstate highways in the United States. The
interstate system represents only 1% of the nation’s total roads but carries more
than 20% of the traffic. The longest is I-90, which stretches from Boston to Seattle,
a distance of 3,099 miles. The shortest is [-878 in New York City, which is 0.70 mile
in length. Alaska does not have any interstate highways, Texas has the most inter-
state miles at 3,232, and New York has the most interstate routes with 28.

+ The average person spent $133.91 on traditional Valentine’s Day merchandise in
2014. This is an increase of $2.94 from 2013. As in previous years, men spent
more than twice the amount women spent on the holiday. The average man spent
$108.38 to impress the people in his life while women only spent $48.41.

Statistical methods and techniques to generate descriptive statistics are presented
in Chapters 2 and 4. These include organizing and summarizing data with frequency
distributions and presenting frequency distributions with charts and graphs. In addition,
statistical measures to summarize the characteristics of a distribution are discussed in
Chapter 3.



STATISTICS IN ACTION

Where did statistics get its
start? In 1662 John Graunt
published an article called
“Natural and Political Obser-
vations Made upon Bills of
Mortality.” The author’s
“observations” were the re-
sult of a study and analysis
of a weekly church publica-
tion called “Bill of Mortality,”
which listed births, christen-
ings, and deaths and their
causes. Graunt realized that
the Bills of Mortality repre-
sented only a fraction of all
births and deaths in London.
However, he used the data
to reach broad conclusions
or inferences about the im-
pact of disease, such as the
plague, on the general
population. His logic is an
example of statistical
inference. His analysis and
interpretation of the data
are thought to mark the
start of statistics.
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Inferential Statistics

Sometimes we must make decisions based on a limited set of data. For example, we
would like to know the operating characteristics, such as fuel efficiency measured by
miles per gallon, of sport utility vehicles (SUVs) currently in use. If we spent a lot of time,
money, and effort, all the owners of SUVs could be surveyed. In this case, our goal
would be to survey the population of SUV owners.

POPULATION The entire set of individuals or objects of interest or the
measurements obtained from all individuals or objects of interest.

However, based on inferential statistics, we can survey a limited number of SUV owners
and collect a sample from the population.

[SAMPLE A portion, or part, of the population of interest. ]

Samples often are used to obtain reliable estimates of population parameters. (Sam-
pling is discussed in Chapter 8.) In the process, we make trade-offs between the time,
money, and effort to collect the data and the error of estimating a population parameter.
The process of sampling SUVs is illustrated in the following graphic. In this example, we
would like to know the mean or average SUV fuel efficiency. To estimate the mean of the
population, six SUVs are sampled and the mean of their MPG is calculated.

Population Sample
All items Items selected
from the population
_y oy oy _y oy
= © ®
oy oy @ -y
CHCOES
- @~ ~ @ |
oy oy oy oy oy

So, the sample of six SUVs represents evidence from the population that we use to
reach an inference or conclusion about the average MPG for all SUVs. The process of
sampling from a population with the objective of estimating properties of a population is
called inferential statistics.

INFERENTIAL STATISTICS The methods used to estimate a property of a
population on the basis of a sample.
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Classify variables as

qualitative or quantitative,
and discrete or continuous.
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Inferential statistics is widely applied to learn something about a population in busi-
ness, agriculture, politics, and government, as shown in the following examples:

+ Television networks constantly monitor the popularity of their programs by hiring
Nielsen and other organizations to sample the preferences of TV viewers. For example,
9.0% of a sample of households with TVs watched The Big Bang Theory during the
week of November 2, 2015 (www.nielsen.com). These program ratings are used to
make decisions about advertising rates and whether to continue or cancel a program.

+ In 2015, a sample of U.S. Internal Revenue Service tax preparation volunteers were
tested with three standard tax returns. The sample indicated that tax returns were
completed with a 49% accuracy rate. In other words there were errors on about half
of the returns. In this example, the statistics are used to make decisions about how
to improve the accuracy rate by correcting the most common errors and improving
the training of volunteers.

A feature of our text is self-review problems. There are a number of them inter-
spersed throughout each chapter. The first self-review follows. Each self-review tests
your comprehension of preceding material. The answer and method of solution are
given in Appendix E. You can find the answer to the following self-review in 1-1 in
Appendix E. We recommend that you solve each one and then check your answer.

The answers are in Appendix E.

The Atlanta-based advertising firm Brandon and Associates asked a sample of 1,960 con-

sumers to try a newly developed chicken dinner by Boston Market. Of the 1,960 sampled,

1,176 said they would purchase the dinner if it is marketed.

(@) Is this an example of descriptive statistics or inferential statistics? Explain.

(b) What could Brandon and Associates report to Boston Market regarding acceptance of
the chicken dinner in the population?

TYPES OF VARIABLES

There are two basic types of variables: (1) qualitative and (2) quantitative (see Chart 1-2).
When an object or individual is observed and recorded as a nonnumeric characteristic, it
is a qualitative variable or an attribute. Examples of qualitative variables are gender, bev-
erage preference, type of vehicle owned, state of birth, and eye color. When a variable is
qualitative, we usually count the number of observations for each category and determine

Types of Variables

Qualitative Quantitative

Discrete Continuous

 Brand of PC e Children in a family * Amount of income
e Marital status e Strokes on a golf hole tax paid
e Hair color o TV sets owned e Weight of a student
e Yearly rainfall in
Tampa, FL

CHART 1-2 Summary of the Types of Variables
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nominal, ordinal, interval,
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measurement.
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what percent are in each category. For example, if we observe the variable eye color,
what percent of the population has blue eyes and what percent has brown eyes? If the
variable is type of vehicle, what percent of the total number of cars sold last month were
SUVs? Qualitative variables are often summarized in charts and bar graphs (Chapter 2).

When a variable can be reported numerically, it is called a quantitative variable.
Examples of quantitative variables are the balance in your checking account, the num-
ber of gigabytes of data used on your cell phone plan last month, the life of a car battery
(such as 42 months), and the number of people employed by a company.

Quantitative variables are either discrete or continuous. Discrete variables can as-
sume only certain values, and there are “gaps” between the values. Examples of dis-
crete variables are the number of bedrooms in a house (1, 2, 3, 4, etc.), the number of
cars arriving at Exit 25 on I-4 in Florida near Walt Disney World in an hour (326, 421,
etc.), and the number of students in each section of a statistics course (25 in section A,
42 in section B, and 18 in section C). We count, for example, the number of cars arriving
at Exit 25 on |-4, and we count the number of statistics students in each section. Notice
that a home can have 3 or 4 bedrooms, but it cannot have 3.56 bedrooms. Thus, there
is a “gap” between possible values. Typically, discrete variables are counted.

Observations of a continuous variable can assume any value within a specific range.
Examples of continuous variables are the air pressure in a tire and the weight of a shipment
of tomatoes. Other examples are the ounces of raisins in a box of raisin bran cereal and the
duration of flights from Orlando to San Diego. Grade point average (GPA) is a continuous
variable. We could report the GPA of a particular student as 3.2576952. The usual practice
is to round to 3 places—3.258. Typically, continuous variables result from measuring.

LEVELS OF MEASUREMENT

Data can be classified according to levels of measurement. The level of measurement
determines how data should be summarized and presented. It also will indicate the type
of statistical analysis that can be performed. Here are two examples of the relationship
between measurement and how we apply statistics. There are six colors of candies in a
bag of M&Ms. Suppose we assign brown a value of 1, yellow 2, blue 3, orange 4, green
5, and red 6. What kind of variable is the color of an M&M? It is a qualita-
tive variable. Suppose someone summarizes M&M color by adding the
assigned color values, divides the sum by the number of M&Ms, and re-
ports that the mean color is 3.56. How do we interpret this statistic? You
are correct in concluding that it has no meaning as a measure of M&M
color. As a qualitative variable, we can only report the count and per-
centage of each color in a bag of M&Ms. As a second example, in a high
school track meet there are eight competitors in the 400-meter run. We
report the order of finish and that the mean finish is 4.5. What does the
mean finish tell us? Nothing! In both of these instances, we have not
used the appropriate statistics for the level of measurement.

There are four levels of measurement: nominal, ordinal, interval, and ratio. The low-
est, or the most primitive, measurement is the nominal level. The highest is the ratio
level of measurement.

Nominal-Level Data

For the nominal level of measurement, observations of a qualitative variable are mea-
sured and recorded as labels or names. The labels or names can only be classified and
counted. There is no particular order to the labels.

NOMINAL LEVEL OF MEASUREMENT Data recorded at the nominal level of
measurement is represented as labels or names. They have no order. They can
only be classified and counted.




Best Business Climate

1. Florida
2. Utah
3. Texas
4. Georgia
5. Indiana
6. Tennessee
7. Nebraska
8. North Carolina
9. Virginia
10. Washington

CHAPTER 1

The classification of the six colors of M&M milk chocolate candies is an example of
the nominal level of measurement. We simply classify the candies by color. There is no
natural order. That is, we could report the brown candies first, the orange first, or any of
the other colors first. Recording the variable gender is another example of the nominal
level of measurement. Suppose we count the number of students entering a football
game with a student ID and report how many are men and how many are women. We
could report either the men or the women first. For the data measured at the nominal
level, we are limited to counting the number in each category of the variable. Often, we
convert these counts to percentages. For example, a random sample of M&M candies
reports the following percentages for each color:

Color Percent in a bag
Blue 24%
Green 20%
Orange 16%
Yellow 14%
Red 13%
Brown 13%

To process the data for a variable measured at the nominal level, we often numer-
ically code the labels or names. For example, if we are interested in measuring the
home state for students at East Carolina University, we would assign a student’s home
state of Alabama a code of 1, Alaska a code of 2, Arizona a 3, and so on. Using this
procedure with an alphabetical listing of states, Wisconsin is coded 49 and Wyoming
50. Realize that the number assigned to each state is still a label or name. The reason
we assign numerical codes is to facilitate counting the number of students from each
state with statistical software. Note that assigning numbers to the states does not give
us license to manipulate the codes as numerical information. Specifically, in this exam-
ple, 1 + 2 = 3 corresponds to Alabama + Alaska = Arizona. Clearly, the nominal level
of measurement does not permit any mathematical operation that has any valid
interpretation.

Ordinal-Level Data

The next higher level of measurement is the ordinal level. For this level of measure-
ment a qualitative variable or attribute is either ranked or rated on a relative scale.

ORDINAL LEVEL OF MEASUREMENT Data recorded at the ordinal level of
measurement is based on a relative ranking or rating of items based on a defined
attribute or qualitative variable. Variables based on this level of measurement are
only ranked or counted.

For example, many businesses make decisions about where to locate their facil-
ities; in other words, where is the best place for their business? Business Facilities
(www.businessfacilities.com) publishes a list of the top 10 states for the “best
business climate.” The 2016 rankings are shown to the left. They are based on the
evaluation of many different factors, including the cost of labor, business tax climate,
quality of life, transportation infrastructure, educated workforce, and economic
growth potential.

This is an example of an ordinal scale because the states are ranked in order of
best to worst business climate. That is, we know the relative order of the states based
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on the attribute. For example, in 2016 Florida had the best business climate and Utah
was second. Indiana was fifth, and that was better than Tennessee but not as good as
Georgia. Notice we cannot say that Florida’s business climate is five times better than
Indiana’s business climate because the magnitude of the differences between the
states is not known. To put it another way, we do not know if the magnitude of the differ-
ence between Louisiana and Utah is the same as between Texas and Georgia.

Another example of the ordinal level measure is based on a scale that measures an
attribute. This type of scale is used when students rate instructors on a variety of attri-
butes. One attribute may be: “Overall, how do you rate the quality of instruction in this
class?” A student’s response is recorded on a relative scale of inferior, poor, good, ex-
cellent, and superior. An important characteristic of using a relative measurement scale
is that we cannot distinguish the magnitude of the differences between groups. We do
not know if the difference between “Superior” and “Good” is the same as the difference
between “Poor” and “Inferior.”

Table 1-1 lists the frequencies of 60 student ratings of instructional quality for Pro-
fessor James Brunner in an Introduction to Finance course. The data are summarized
based on the order of the scale used to rate the instructor. That is, they are summarized
by the number of students who indicated a rating of superior (6), good (26), and so on.
We also can convert the frequencies to percentages. About 43.3% (26/60) of the stu-
dents rated the instructor as good.

TABLE 1—-1 Rating of a Finance Professor

Rating Frequency Percentage
Superior 6 10.0%
Good 26 43.3%
Average 16 26.7%
Poor 9 15.0%
Inferior 3 5.0%

Interval-Level Data

The interval level of measurement is the next highest level. It includes all the character-
istics of the ordinal level, but, in addition, the difference or interval between values is
meaningful.

INTERVAL LEVEL OF MEASUREMENT For data recorded at the interval level of
measurement, the interval or the distance between values is meaningful. The interval
level of measurement is based on a scale with a known unit of measurement.

The Fahrenheit temperature scale is an example of the interval level of measurement.
Suppose the high temperatures on three consecutive winter days in Boston are 28, 31,
and 20 degrees Fahrenheit. These temperatures can be easily ranked, but we can also
determine the interval or distance between temperatures. This is possible because 1 de-
gree Fahrenheit represents a constant unit of measurement. That is, the distance between
10 and 15 degrees Fahrenheit is 5 degrees, and is the same as the 5-degree distance
between 50 and 55 degrees Fahrenheit. It is also important to note that O is just a point
on the scale. It does not represent the absence of the condition. The measurement of
zero degrees Fahrenheit does not represent the absence of heat or cold. But by our own
measurement scale, it is cold! A major limitation of a variable measured at the interval
level is that we cannot make statements similar to 20 degrees Fahrenheit is twice as
warm as 10 degrees Fahrenheit.





