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Preface

Analytics has become the technology driver of this decade. Companies such as IBM, SAP,
IBM, SAS, Teradata, SAP, Oracle, Microsoft, Dell and others are creating new organiza-
tional units focused on analytics that help businesses become more effective and efficient
in their operations. Decision makers are using more computerized tools to support their
work. Even consumers are using analytics tools, either directly or indirectly, to make deci-
sions on routine activities such as shopping, health/healthcare, travel, and entertainment.
The field of business intelligence and business analytics (BI & BA) has evolved rapidly to
become more focused on innovative applications for extracting knowledge and insight
from data streams that were not even captured some time back, much less analyzed in
any significant way. New applications turn up daily in healthcare, sports, travel, entertain-
ment, supply-chain management, utilities, and virtually every industry imaginable. The
term analytics has become mainstream. Indeed, it has already evolved into other terms
such as data science, and the latest incarnation is deep learning and Internet of Things.

This edition of the text provides a managerial perspective to business analytics con-
tinuum beginning with descriptive analytics (e.g., the nature of data, statistical modeling,
data visualization, and business intelligence), moving on to predictive analytics (e.g.,
data mining, text/web mining, social media mining), and then to prescriptive analytics
(e.g., optimization and simulation), and finally finishing with Big Data, and future trends,
privacy, and managerial considerations. The book is supported by a Web site (pearson-
globaleditions.com/sharda) and also by an independent site at dssbibook.com. We will
also provide links to software tutorials through a special section of the Web sites.

The purpose of this book is to introduce the reader to these technologies that
are generally called business analytics or data science but have been known by other
names. This book presents the fundamentals of the techniques and the manner in which
these systems are constructed and used. We follow an EEE approach to introducing
these topics: Exposure, Experience, and Exploration. The book primarily provides
exposure to various analytics techniques and their applications. The idea is that a stu-
dent will be inspired to learn from how other organizations have employed analytics to
make decisions or to gain a competitive edge. We believe that such exposure to what
is being done with analytics and how it can be achieved is the key component of learn-
ing about analytics. In describing the techniques, we also introduce specific software
tools that can be used for developing such applications. The book is not limited to any
one software tool, so the students can experience these techniques using any num-
ber of available software tools. Specific suggestions are given in each chapter, but the
student and the professor are able to use this book with many different software tools.
Our book’s companion Web site will include specific software guides, but students can
gain experience with these techniques in many different ways. Finally, we hope that
this exposure and experience enable and motivate readers to explore the potential of
these techniques in their own domain. To facilitate such exploration, we include exer-
cises that direct them to Teradata University Network and other sites as well that include
team-oriented exercises where appropriate. We will also highlight new and innovative
applications that we learn about on the book’s Web site.

Most of the specific improvements made in this fourth edition concentrate on four
areas: reorganization, new chapters, content update, and a sharper focus. Despite the
many changes, we have preserved the comprehensiveness and user friendliness that
have made the text a market leader. Finally, we present accurate and updated material
that is not available in any other text. We next describe the changes in the fourth
edition.


www.pearsonglobaleditions.com/
www.pearsonglobaleditions.com/
www.dssbibook.com
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Preface

What’s New in the Fourth Edition?

With the goal of improving the text, this edition marks a major reorganization of the text
to reflect the focus on business analytics. This edition is now organized around three
major types of business analytics (i.e., descriptive, predictive, and prescriptive). The new
edition has many timely additions, and the dated content has been deleted. The following
major specific changes have been made.

e New organization. The book recognizes three types of analytics: descriptive, pre-
dictive, and prescriptive, a classification promoted by INFORMS. Chapter 1 intro-
duces BI and analytics with an application focus in many industries. This chapter
also includes an overview of the analytics ecosystem to help the user explore all
the different ways one can participate and grow in the analytics environment. It is
followed by an overview of statistics, importance of data, and descriptive analytics/
visualization in Chapter 2. Chapter 3 covers data warehousing and data foundations
including updated content, specifically data lakes. Chapter 4 covers predictive ana-
lytics. Chapter 5 extends the application of analytics to text, Web, and social media.
Chapter 6 covers prescriptive analytics, specifically linear programming and simu-
lation. Tt is totally new content for this book. Chapter 7 introduces Big Data tools
and platforms. The book concludes with Chapter 8, emerging trends and topics in
business analytics including location analytics, Internet of Things, cloud-based ana-
lytics, and privacy/ethical considerations in analytics. The discussion of an analytics
ecosystem recognizes prescriptive analytics as well.

* New chapters. The following chapters have been added:

Chapter 2. Descriptive Analytics I: Nature of Data, Statistical
Modeling, and Visualization This chapter aims to set the stage with a thor-
ough understanding of the nature of data, which is the main ingredient for any
analytics study. Next, statistical modeling is introduced as part of the descriptive
analytics. Data visualization has become a popular part of any business report-
ing and/or descriptive analytics project; therefore, it is explained in detail in this
chapter. The chapter is enhanced with several real-world cases and examples
(75% new material).

Chapter 6. Prescriptive Analytics: Optimization and Simulation

This chapter introduces prescriptive analytics material to this book. The
chapter focuses on optimization modeling in Excel using linear programming
techniques. It also introduces the concept of simulation. The chapter is an
updated version of material from two chapters in our DSS book, 10th edition. For
this book it is an entirely new chapter (99% new material).

Chapter 8. Future Trends, Privacy and Managerial Considerations
in Analytics This chapter examines several new phenomena that are already
changing or are likely to change analytics. It includes coverage of geospatial ana-
lytics, Internet of Things, and a significant update of the material on cloud-based
analytics. It also updates some coverage from the last edition on ethical and pri-
vacy considerations (70% new material).

* Revised Chapters. All the other chapters have been revised and updated as well.
Here is a summary of the changes in these other chapters:

Chapter 1. An Overview of Business Intelligence, Analytics, and
Data Science This chapter has been rewritten and significantly expanded. Tt
opens with a new vignette covering multiple applications of analytics in sports.
It introduces the three types of analytics as proposed by INFORMS: descriptive,
predictive, and prescriptive analytics. A noted earlier, this classification is used in



guiding the complete reorganization of the book itself (earlier content but with
a new figure). Then it includes several new examples of analytics in healthcare
and in the retail industry. Finally, it concludes with significantly expanded and
updated coverage of the analytics ecosystem to give the students a sense of the
vastness of the analytics and data science industry (about 60% new material).

Chapter 3. Descriptive Analytics II: Business Intelligence and Data
Warebousing This is an old chapter with some new subsections (e.g., data
lakes) and new cases (about 30% new material).

Chapter 4. Predictive Analytics I: Data Mining Process, Methods,
and Algorithms This is an old chapter with some new content organization/
flow and some new cases (about 20% new material).

Chapter 5. Predictive Analytics II: Text, Web, and Social Media Analytics

This is an old chapter with some new content organization/flow and some
new cases (about 25% new material).

Chapter 7. Big Data Concepts and Analysis This was Chapter 6 in the
last edition. It has been updated with a new opening vignette and cases, coverage
of Teradata Aster, and new material on alternative data (about 25% new material).

* Revamped author team. Building on the excellent content that has been pre-
pared by the authors of the previous editions (Turban, Sharda, Delen, and King), this
edition was revised primarily by Ramesh Sharda and Dursun Delen. Both Ramesh
and Dursun have worked extensively in analytics and have industry as well as
research experience.

e Color print! We are truly excited to have this book appear in color. Even the fig-
ures from previous editions have been redrawn to take advantage of color. Use of
color enhances many visualization examples and also the other material.

* A live, updated Web site. Adopters of the textbook will have access to a Web site
that will include links to news stories, software, tutorials, and even YouTube videos
related to topics covered in the book. This site will be accessible at dssbibook.com.

* Revised and updated content. Almost all the chapters have new opening
vignettes that are based on recent stories and events. In addition, application cases
throughout the book have been updated to include recent examples of applications
of a specific technique/model. New Web site links have been added throughout the
book. We also deleted many older product links and references. Finally, most chap-
ters have new exercises, Internet assignments, and discussion questions throughout.

e Links to Teradata University Network (TUN). Most chapters include new links
to TUN (teradatauniversitynetwork.com).

e Booktitle. Asisalready evident, the book’s title and focus have changed substantially.

e Software support. The TUN Web site provides software support at no charge.
It also provides links to free data mining and other software. In addition, the site
provides exercises in the use of such software.

The Supplement Package: www.pearsonglobaleditions
.com/sharda
A comprehensive and flexible technology-support package is available to enhance the

teaching and learning experience. The following instructor and student supplements are
available on the book’s Web site, pearsonglobaleditions.com/sharda:

e Instructor’s Manual. The Instructor’s Manual includes learning objectives for the
entire course and for each chapter, answers to the questions and exercises at the end
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of each chapter, and teaching suggestions (including instructions for projects). The
Instructor’s Manual is available on the secure faculty section of pearsonglobaleditions
.com/sharda.

e Test Item File and TestGen Software. The Test Item File is a comprehensive
collection of true/false, multiple-choice, fill-in-the-blank, and essay questions. The
questions are rated by difficulty level, and the answers are referenced by book page
number. The Test Item File is available in Microsoft Word and in TestGen. Pearson
Education’s test-generating software is available from www.pearsonglobaleditions
.com/sharda. The software is PC/MAC compatible and preloaded with all the Test
Item File questions. You can manually or randomly view test questions and drag-
and-drop to create a test. You can add or modify test-bank questions as needed.

e PowerPoint slides. PowerPoint slides are available that illuminate and build

on key concepts in the text. Faculty can download the PowerPoint slides from
pearsonglobaleditions.com/sharda.

Acknowledgments

Many individuals have provided suggestions and criticisms since the publication of the
first edition of this book. Dozens of students participated in class testing of various chap-
ters, software, and problems and assisted in collecting material. Tt is not possible to name
everyone who participated in this project, but our thanks go to all of them. Certain indi-
viduals made significant contributions, and they deserve special recognition.

First, we appreciate the efforts of those individuals who provided formal reviews of
the first through third editions (school affiliations as of the date of review):

Ann Aksut, Central Piedmont Community College

Bay Arinze, Drexel University

Andy Borchers, Lipscomb University

Ranjit Bose, University of New Mexico

Marty Crossland, MidAmerica Nazarene University

Kurt Engemann, Iona College

Badie Farah, Eastern Michigan University

Gary Farrar, Columbia College

Jerry Fjermestad, New Jersey Institute of Technology
Christie M. Fuller, Louisiana Tech University

Martin Grossman, Bridgewater State College

Jahangir Karimi, University of Colorado, Denver

Huei Lee, Eastern Michigan University

Natalie Nazarenko, SUNY Fredonia

Joo Eng Lee-Partridge, Central Connecticut State University
Gregory Rose, Washington State University, Vancouver
Khawaja Saeed, Wichita State University

Kala Chand Seal, Loyola Marymount University

Joshua S. White, PhD, State University of New York Polytechnic Institute
Roger Wilson, Fairmont State University

Vincent Yu, Missouri University of Science and Technology
Fan Zhao, Florida Gulf Coast University


www.pearsonglobaleditions.com/sharda
www.pearsonglobaleditions.com/sharda
www.pearsonglobaleditions.com/sharda
www.pearsonglobaleditions.com/sharda
www.pearsonglobaleditions.com/sharda

We also appreciate the efforts of those individuals who provided formal reviews of this
text and our other DSS book—Business Intelligence and Analytics: Systems for Decision
Support, 10th Edition, Pearson Education, 2013.

Second, several individuals contributed material to the text or the supporting mate-
rial. Susan Baskin of Teradata and Dr. David Schrader provided special help in identifying
new TUN and Teradata content for the book and arranging permissions for the same. Dr.
Dave Schrader contributed the opening vignette for the book. This vignette also included
material developed by Dr. Ashish Gupta of Auburn University and Gary Wilkerson of the
University of Tennessee—Chattanooga. It will provide a great introduction to analytics. We
also thank INFORMS for their permission to highlight content from Interfaces. We also rec-
ognize the following individuals for their assistance in developing this edition of the book:
Pankush Kalgotra, Prasoon Mathur, Rupesh Agarwal, Shubham Singh, Nan Liang, Jacob
Pearson, Kinsey Clemmer, and Evan Murlette (all of Oklahoma State University). Their
help for this edition is gratefully acknowledged. Teradata Aster team, especially Mark Ott,
provided the material for the opening vignette for Chapter 7. Aster material in Chapter
7 is adapted from other training guides developed by John Thuma and Greg Bethardy.
Dr. Brian LeClaire, CIO of Humana Corporation led with contributions of several real-life
healthcare case studies developed by his team at Humana. Abhishek Rathi of vCreaTek
contributed his vision of analytics in the retail industry. Dr. Rick Wilson’s excellent exer-
cises for teaching and practicing linear programming skills in Excel are also gratefully
acknowledged. Matt Turck agreed to let us adapt his IoT ecosystem material. Ramesh
also recognizes the copyediting assistance provided by his daughter, Ruchy Sharda Sen.
In addition, the following former PhD students and research colleagues of ours have
provided content or advice and support for the book in many direct and indirect ways:

Asil Oztekin, Universality of Massachusetts-Lowell

Enes Eryarsoy, Sehir University

Hamed Majidi Zolbanin, Ball State University

Amir Hassan Zadeh, Wright State University

Supavich (Fone) Pengnate, North Dakota State University
Christie Fuller, Boise State University

Daniel Asamoah, Wright State University

Selim Zaim, Istanbul Technical University

Nihat Kasap, Sabanci University

Third, for the previous edition, we acknowledge the contributions of Dave King
(JDA Software Group, Inc.). Other major contributors to the previous edition include
J. Aronson (University of Georgia), who was our coauthor, contributing to the data ware-
housing chapter; Mike Goul (Arizona State University), whose contributions were included
in Chapter 1; and T. P. Liang (National Sun Yet-Sen University, Taiwan), who contributed
material on neural networks in the previous editions. Judy Lang collaborated with all of
us, provided editing, and guided us during the entire project in the first edition.

Fourth, several vendors cooperated by providing case studies and/or demonstration
software for the previous editions: Acxiom (Little Rock, Arkansas), California Scientific
Software (Nevada City, California), Cary Harwin of Catalyst Development (Yucca Valley,
California), IBM (San Carlos, California), DS Group, Inc. (Greenwich, Connecticut), Gregory
Piatetsky-Shapiro of KDnuggets.com, Gary Lynn of NeuroDimension Inc. (Gainesville,
Florida), Palisade Software (Newfield, New York), Promised Land Technologies (New
Haven, Connecticut), Salford Systems (La Jolla, California), Sense Networks (New York,
New York), Gary Miner of StatSoft, Inc. (Tulsa, Oklahoma), Ward Systems Group, Inc.
(Frederick, Maryland), Idea Fisher Systems, Inc. (Irving, California), and Wordtech Systems
(Orinda, California).

Preface

23


www.KDnuggets.com

24

Preface

Fifth, special thanks to the Teradata University Network and especially to Susan
Baskin, Program Director; Hugh Watson, who started TUN; and Michael Goul, Barb
Wixom, and Mary Gros for their encouragement to tie this book with TUN and for provid-
ing useful material for the book.

Finally, the Pearson team is to be commended: Samantha Lewis, who has worked
with us on this revision and orchestrated the color rendition of the book; and the produc-
tion team, Ann Pulido, and Revathi Viswanathan and staff at Cenveo, who transformed
the manuscript into a book.

We would like to thank all these individuals and corporations. Without their help,
the creation of this book would not have been possible.

R.S.
D.D.
ET

Global Edition Acknowledgments

For his contributions to the content of the Global Edition, Pearson would like to thank
Balint Molnar (Eotvos Lorand University, Budapest), and for their feedback, Daging Chen
(London South Bank University), Ng Hu (Multimedia University, Malaysia), and Vanina
Torlo (University of Greenwich).

Note that Web site URLs are dynamic. As this book went to press, we verified that all the cited Web sites were
active and valid. Web sites to which we refer in the text sometimes change or are discontinued because compa-
nies change names, are bought or sold, merge, or fail. Sometimes Web sites are down for maintenance, repair,
or redesign. Most organizations have dropped the initial “www” designation for their sites, but some still use
it. If you have a problem connecting to a Web site that we mention, please be patient and simply run a Web
search to try to identify the new site. Most times, the new site can be found quickly. We apologize in advance
for this inconvenience.



About the Authors

Ramesh Sharda (MBA, PhD, University of Wisconsin—-Madison) is the Vice Dean
for Research and Graduate Programs, Watson/ConocoPhillips Chair, and a Regents
Professor of Management Science and Information Systems in the Spears School of
Business at Oklahoma State University (OSU). He cofounded and directed OSU’s PhD
in Business for the Executives Program. About 200 papers describing his research have
been published in major journals, including Operations Research, Management Science,
Information Systems Research, Decision Support Systems, and the Journal of MIS. He
cofounded the AIS SIG on Decision Support Systems and Knowledge Management
(SIGDSA). Dr. Sharda serves on several editorial boards, including those of Decision
Sciences Journal, Decision Support Systems, and ACM Data Base. He has authored and
edited several textbooks and research books and serves as the coeditor of several
Springer book series (Integrated Series in Information Systems, Operations Research/
Computer Science Interfaces, and Annals of Information Systems) with Springer. He is
also currently serving as the Executive Director of the Teradata University Network. His
current research interests are in decision support systems, business analytics, and tech-
nologies for managing information overload.

Dursun Delen (PhD, Oklahoma State University) is the Spears Endowed Chair in
Business Administration, Patterson Foundation Endowed Chair in Business Analytics,
Director of Research for the Center for Health Systems Innovation, and Regents Professor
of Management Science and Information Systems in the Spears School of Business at
Oklahoma State University (OSU). Prior to his academic career, he worked for a privately
owned research and consultancy company, Knowledge Based Systems Inc., in College
Station, Texas, as a research scientist for 5 years, during which he led a number of deci-
sion support and other information systems-related research projects funded by several
federal agencies including the Department of Defense (DoD), National Aeronautics and
Space Administration (NASA), National Institute for Standards and Technology (NIST),
Ballistic Missile Defense Organization (BMDO), and Department of Energy (DOE). Dr.
Delen has published more than 100 peer-reviewed articles, some of which have appeared
in major journals like Decision Sciences, Decision Support Systems, Communications of the
ACM, Computers and Operations Research, Computers in Industry, Journal of Production
Operations Management, Artificial Intelligence in Medicine, International Journal of
Medical Informatics, Expert Systems with Applications, and IEEE Wireless Commumnications.
He recently authored/coauthored seven textbooks in the broad areas of business analyt-
ics, data mining, text mining, business intelligence, and decision support systems. He is
often invited to national and international conferences for keynote addresses on topics
related to data/text mining, business analytics, decision support systems, business intel-
ligence, and knowledge management. He served as the General Cochair for the Fourth
International Conference on Network Computing and Advanced Information Management
(September 2-4, 2008, in Seoul, South Korea) and regularly chairs, tracks, and mini-
tracks at various information systems and analytics conferences. He is currently serving
as Editor-in-Chief, Senior Editor, Associate Editor, or Editorial Board Member for more
than a dozen academic journals. His research and teaching interests are in data and text
mining, business analytics, decision support systems, knowledge management, business
intelligence, and enterprise modeling.

Efraim Turban (MBA, PhD., University of California, Berkeley) is a Visiting Scholar at the
Pacific Institute for Information System Management, University of Hawaii. Prior to this,

25



26 About the Authors

he was on the staff of several universities, including City University of Hong Kong; Lehigh
University; Florida International University; California State University, Long Beach; Eastern
Illinois University; and the University of Southern California. Dr. Turban is the author
of more than 100 refereed papers published in leading journals, such as Management
Science, MIS Quarterly, and Decision Support Systems. He is also the author of 20 books,
including Electronic Commerce: A Managerial Perspective and Information Technology
Jor Management. He is also a consultant to major corporations worldwide. Dr. Turban’s
current areas of interest are Web-based decision support systems, social commerce, and
collaborative decision making.



BUSINESS INTELLIGENCE,
ANALYTICS, AND DATA SCIENCE

A MANAGERIAL PERSPECTIVE

This book deals with a collection of computer technologies that support managerial
work—essentially, decision making. These technologies have had a profound impact on
corporate strategy, performance, and competitiveness. Collectively, these technologies are
called business intelligence, business analytics, and data science. Although the evolution
of the terms is discussed, these names are also used interchangeably. This book tells
stories of how smart people are employing these techniques to improve performance,
service, and relationships in business, government, and non-profit worlds.
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CHAPTER

An Overview of Business
Intelligence, Analytics,
and Data Science

LEARNING OBJECTIVES

® Understand the need for computer- ® Understand the different types of ana-
ized support of managerial decision lytics and see selected applications
making B Understand the analytics ecosystem

B Recognize the evolution of such to identify various key players and
computerized support to the current career opportunities

state—analytics/data science

® Describe the business intelligence
(BD methodology and concepts

he business environment (climate) is constantly changing, and it is becoming

more and more complex. Organizations, both private and public, are under pres-

sures that force them to respond quickly to changing conditions and to be inno-
vative in the way they operate. Such activities require organizations to be agile and to
make frequent and quick strategic, tactical, and operational decisions, some of which are
very complex. Making such decisions may require considerable amounts of relevant data,
information, and knowledge. Processing these, in the framework of the needed decisions,
must be done quickly, frequently in real time, and usually requires some computerized
support.

This book is about using business analytics as computerized support for managerial
decision making. It concentrates on the theoretical and conceptual foundations of deci-
sion support, as well as on the commercial tools and techniques that are available. This
book presents the fundamentals of the techniques and the manner in which these sys-
tems are constructed and used. We follow an EEE approach to introducing these topics:
Exposure, Experience, and Exploration. The book primarily provides exposure to var-
ious analytics techniques and their applications. The idea is that a student will be inspired
to learn from how other organizations have employed analytics to make decisions or
to gain a competitive edge. We believe that such exposure to what is being done with
analytics and how it can be achieved is the key component of learning about analytics.
In describing the techniques, we also give examples of specific software tools that can be
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used for developing such applications. The book is not limited to any one software tool,
so students can experience these techniques using any number of available software
tools. We hope that this exposure and experience enable and motivate readers to explore
the potential of these techniques in their own domain. To facilitate such exploration, we
include exercises that direct the reader to Teradata University Network (TUN) and other
sites that include team-oriented exercises where appropriate.

This introductory chapter provides an introduction to analytics as well as an overview
of the book. The chapter has the following sections:

1.1 Opening Vignette: Sports Analytics—An Exciting Frontier for Learning and
Understanding Applications of Analytics 30

1.2 Changing Business Environments and Evolving Needs for Decision Support and
Analytics 37

1.3 Evolution of Computerized Decision Support to Analytics/Data Science 39
1.4 A Framework for Business Intelligence 41
1.5 Analytics Overview 48
1.6 Analytics Examples in Selected Domains 55
1.7 A Brief Introduction to Big Data Analytics 61
1.8 An Overview of the Analytics Ecosystem 63
1.9 Plan of the Book 72
1.10 Resources, Links, and the Teradata University Network Connection 73

IR OPENING VIGNETTE: Sports Analytics—An Exciting
Frontier for Learning and Understanding Applications
of Analytics

The application of analytics to business problems is a key skill, one that you will learn in
this book. Many of these techniques are now being applied to improve decision making in
all aspects of sports, a very hot area called sports analytics. Sports analytics is the art and
science of gathering data about athletes and teams to create insights that improve sports
decisions, such as deciding which players to recruit, how much to pay them, who to
play, how to train them, how to keep them healthy, and when they should be traded or
retired. For teams, it involves business decisions such as ticket pricing, as well as roster
decisions, analysis of each competitor’s strengths and weaknesses, and many game-day
decisions.

Indeed, sports analytics is becoming a specialty within analytics. It is an important area
because sports is a big business, generating about $145B in revenues each year, plus an
additional $100B in legal and $300B in illegal gambling, according to Price Waterhouse.!
In 2014, only $125M was spent on analytics (less than 0.1% of revenues). This is expected
to grow at a healthy rate to $4.7B by 2021.2

"Changing the Game: Outlook for the Global Sports Market to 2015,” Price Waterhouse Coopers Report, appears
at https://www.pwc.com/gx/en/hospitality-leisure/pdf/changing-the-game-outlook-for-the-global-sports-market-
to-2015.pdf. Betting data from https://www.capcredit.com/how-much-americansspend-on-sports-ecach-year/.
2“Sports Analytics Market Worth $4.7B by 2021,” Wintergreen Research Press Release, covered by PR Newswire
at http://www.prnewswire.com/news-releases/sports-analytics-market-worth-47-billion-by-2021-509869871.html,
June 25, 2015.
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