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Preface

Data science, along with artificial intelligence (AI) and machine learning (ML),

continues to be one of the fastest-growing disciplines at education institutions and in

industry. We see more job postings that require training in data science, AI, and ML,

more academic appointments in these fields, and more courses offered, both online

and in traditional settings. It could be argued that data science is nothing novel, but

just statistics through a different lens. However, what matters is that we are living in an

era in which the kind of problems that could be solved using data, AI, and ML are

driving a huge wave of innovations in various industries – from healthcare to educa-

tion, and from finance to policymaking. More importantly, data, AI, and ML are

playing an increasingly large role in our day-to-day life, including in our democracy.

Thus, knowing the basics of these areas has become a fundamental skill that everyone

needs, even if they do not want to pursue a degree in computer science, statistics, or

data science. Recognizing this, many educational institutes have been developing and

offering not just degrees and majors in these fields but also minors and certificates in

data science, AI, and ML that are geared toward students who may not become data

scientists but could still benefit from data literacy skills in the same way that every

student learns basic reading, writing, and comprehension skills.

This book is not just for data science majors but also for those who want to develop

their data literacy. It is organized in a way that provides a very easy entry for almost

anyone to become introduced to data science, but it also has enough fuel to take a

reader from that beginning stage to a place where they feel comfortable obtaining and

processing data for deriving important insights. In addition to providing basics of data

and data processing, the book teaches standard tools and techniques. It also examines

implications of the use of data in areas such as privacy, ethics, and fairness. Finally, as

the name suggests, this text is meant to provide a hands-on introduction to these

topics. Almost everything presented in the book is accompanied by examples and

exercises that one could try – sometimes by hand and other times using the tools

taught here. In teaching these topics myself over many years, I have found this to be a

very effective method.

The remainder of this preface explains how this book is organized, how it could be

used for fulfilling various teaching needs, and what specific requirements a student

needs to meet in order to make the most out of it.

Requirements and Expectations

This book is intended for advanced undergraduates or graduate students in infor-

mation science, computer science, business, education, psychology, sociology, and

www.cambridge.org/9781009588928
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related fields who are interested in data science. It is not meant to provide an in-depth

treatment of any programming language, tool, or platform. Similarly, while the book

covers topics such as machine learning and data mining, it is not structured to give

detailed theoretical instruction on them; rather, these topics are covered in the context

of applying them to solving various data problems with hands-on exercises.

The book assumes very little to no prior exposure to programming or technology.

It does, however, expect the student to be comfortable with computational thinking

(see Chapter 1) and the basics of statistics (covered in Chapter 3). The student should

also have general computer literacy, including skills to download, install, and config-

ure software, do file operations, and use online resources. Each chapter lists specific

requirements and expectations, many of which can be met by going over some other

parts of the book (usually an earlier chapter or an appendix).

Almost all the tools and software used in this book are free. There is no requirement

for a specific operating system or computer architecture, but it is assumed that the

student has a relatively modern computer with reasonable storage, memory, and

processing power. In addition, a reliable and preferably high-speed internet connection

is required for several parts of this book.

Structure of the Book

The book is organized in four parts. Part I includes three chapters that serve as the

foundations of data science. Chapter 1 introduces the field of data science, along with

various applications. It also points out important differences from and similarities to

the related fields of computer science, statistics, and information science. Chapter 2

describes the nature and structure of the data encountered today. It initiates the

student about data formats, storage, and retrieval infrastructures. Chapter 3 intro-

duces several important techniques for data science. These techniques stem primarily

from statistics and include correlation analysis, regression, and an introduction to data

analytics.

Part II of this book includes chapters to introduce various necessary tools and

platforms. Chapters 4 and 5 cover Python programming language – from basics to its

applications in statistical analysis. What you see in these chapters can be done on your

laptop but at times, and certainly in the industry, you are likely to need cloud-based

infrastructure, for various reasons including security, compliance, and scalability.

Therefore, in Chapter 6, we work through three of the most popular cloud platforms

and see how they can be leveraged for doing data science with Python. It is important

to keep in mind that, since this is not a programming or database book, the objective

here is not to go systematically into various parts of these tools. Rather, we focus on

learning the basics and the relevant aspects of the tools to be able to solve various data

problems. These chapters therefore are organized around addressing various data-

driven problems.

Solving problems with data-driven approaches can hardly be done without

machine learning. This is such a crucial topic for data science that it cannot be

xii Preface
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treated just as an afterthought, which is why Part III of this book is devoted to it.

Specifically, Chapter 7 provides a more formal introduction to machine learning

and includes a few techniques that are basic and broadly applicable at the same

time. Chapter 8 describes in some depth supervised learning methods, and

Chapter 9 presents unsupervised learning. It should be noted that since this book

is focused on data science and not on core computer science or mathematics, we

skip much of the underlying math and formal structuring while discussing and

applying machine learning techniques. The chapters in Part III, however, do present

machine learning methods and techniques using adequate math in order to discuss

the theories and intuitions behind them in detail.

Finally, Part IV of this book takes the techniques from Part I, as well as the tools

from Parts II and III, and starts applying them to problems of real-life significance.

We begin in Chapter 10 by reviewing methods for data collection, experimentation,

and evaluation. This sets us up for going beyond just what is covered in this book and

thinking broadly about how one might address real-life data science problems.

Finally, we go all-in with our hands-on approach in Chapter 11, where we work on

four different case studies of end-to-end data science projects involving healthcare,

social media, finance, and social good.

The book is full of extra material that either adds more value and knowledge to

your existing data science theories and practices or provides a broader and deeper

treatment of some of the topics. Throughout the book, there are several FYI boxes

that provide important and relevant information without interrupting the flow of the

text, allowing the student to be aware of various issues such as privacy, ethics, and

fairness without being overwhelmed by them. Two appendices of the book provide a

quick reference to various formulations relating to differential calculus and

probability, as well as helpful pointers and instructions for installing and configuring

various tools used in the book. Another appendix teaches how to use MySQL, a

popular database system, to use with R for data accessing and processing. There is

also an appendix that provides helpful information related to data science jobs in

various fields and what skills one should have to target those calls.

As a new feature of this second edition, there are several boxes labeled “DS in

Practice” that present ideas, guidance, and real-world examples of how the concepts

and exercises covered in that chapter are applied in industry. Also, to make

things more streamlined, all the datasets from hands-on examples, try-it-yourself

problems, and hands-on problems are available to download from the book’s website

at www.cambridge.org/shah-python2e Look for a list of these datasets at the begin-

ning of each chapter that informs you the specific online dataset (OD) that you will

need to download. In the description of that exercise, you will see a specific number

(e.g., OD 3.2) that tells you where exactly you should go in the OD.

The book also has an online appendix (OA), accessible through the same website,

which is regularly updated to reflect any changes in data, resources, and links. The

primary purpose of this online appendix is to provide you with the most current and

updated pointers and information. The combination of the printed and the online

material through the OD and OA serves as a unique resource for aspiring data

scientists and instructors that has both comprehensiveness and recency.
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Using This Book in Teaching

The book is quite deliberately organized around teaching data science to beginner

computer science (CS) students or intermediate to advanced non-CS students. The

book is modular, making it easier for both students and teachers to cover topics to the

desired depth. This makes the book quite suitable for use as a main reference book or

textbook for a data science curriculum. The following is a suggested curriculum path

in data science using this book. It contains five courses, each lasting a semester or a

quarter.

• Introduction to data science: Chapters 1 and 2, with some elements from Part II

as needed.

• Data analytics: Chapter 3, with some elements from Part II as needed.

• Problem solving with data or programming for data science: Chapters 4–6, with

relevant project(s) from Chapter 11.

• Machine learning for data science: Chapters 7–9.

• Research methods for data science: Chapter 10, with appropriate elements from

Chapter 3 and Part II.

On the website for this book is a Resources tab with a section labeled “For

Instructors.” This section contains sample syllabi for various courses that could be

taught using this book, PowerPoint slides for each chapter, and other useful resources

such as sample mid-term and final exams. These resources make it easier for someone

teaching this course for the first time to adapt the text as needed for his or her own

data science curriculum.

Each chapter also has several conceptual questions and hands-on problems. The

conceptual questions could be used in in-class discussions, for homework, or for

quizzes. For each new technique or problem covered in this book, there are at least

two hands-on problems. One of these could be used in the class and the other could be

given for homework or an exam. Most hands-on exercises in chapters are also

immediately followed by hands-on homework exercises that a student could try for

further practice or an instructor could assign as homework or as an in-class practice

assignment.

Strengths and Unique Features of This Book

Data science has a very visible presence these days, and it is not surprising that there

are currently several available books and much material related to the field. A Hands-

On Introduction to Data Science with Python is different from other books in several

ways.

• It is targeted at students with very basic experience of technology. Students who fit

into that category are majoring in information science, business, psychology, soci-

ology, education, health, cognitive science, or indeed any area in which data can be

xiv Preface
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applied. The study of data science should not be limited to those studying computer

science or statistics. This book is intended for those audiences.

• The book starts by introducing the field of data science without any prior expect-

ation of knowledge on the part of the reader. It then introduces the reader to some

foundational ideas and techniques that are independent of technology. This does

two things: (1) it provides an easier access point for a student without a strong

technical background; and (2) it presents material that will continue being relevant

even when tools and technologies change.

• On the basis of my own teaching and curriculum development experiences, I have

found that most data science books on the market are divided into two categories:

they are either too technical, making them suitable only for a limited audience,

or they are structured to be simply informative, making it hard for the reader

to actually use and apply data science tools and techniques. A Hands-On

Introduction to Data Science with Python is aimed at a nice middle ground.

On the one hand, the book does not simply describe data science but also teaches

real hands-on tools (Python, cloud computing) and techniques (from basic regres-

sion to various forms of machine learning). On the other hand, it does not require

students to have a strong technical background to be able to learn and practice

data science.

• A Hands-On Introduction to Data Science with Python also examines implications of

the use of data in areas such as privacy, ethics, and fairness. For instance, it discusses

how unbalanced data used without enough care with a machine learning technique

could lead to biased (and often unfair) predictions.

• The book provides many examples of real-life applications, as well as practices

ranging from small to big data. For instance, Chapter 3 has an example of under-

standing oxygen uptake and expired ventilation. In Chapter 7, we see how multiple

linear regression can be easily implemented using Python to learn how ambience,

food, and service features could influence restaurant ratings. Chapter 8 has a hands-

on example that shows how to predict, using customer data from a bank, whether

the client will subscribe a term deposit. Chapters 7–9 on machine learning have

many real-life and general interest problems from different fields, as the reader is

introduced to various techniques. Chapter 11 has hands-on exercises for collecting

and analyzing social media data from services such as Reddit and YouTube, as well

as working with large datasets (Yelp data with more than a million records). Many

of the examples can be worked by hand or with everyday software, without requir-

ing specialized tools. This makes it easier for a student to grasp a concept without

having to worry about programming structures. This allows the book to be used for

non-majors as well as professional certificate courses.

• Each chapter has plenty of in-chapter exercises where I walk the reader through

solving a data problem using a new technique, homework exercises to do more

practice, and more hands-on problems (often using real-life data) at the end of the

chapters. There are 39 hands-on solved exercises, 40 try-it-yourself exercises, and

57 end of chapter hands-on problems. To help with theory homework or exams,

there are also 62 conceptual questions at the end of the chapters.

• The book is supplemented by a generous set of materials for instructors. These

instructor resources include curriculum suggestions (even full-length syllabi for some
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courses), slides for each chapter, datasets, program scripts, answers and solutions to

each exercise, as well as sample mid-term exams and final projects.

What’s New in the Second Edition

• NEW: Added information boxes “DS in Practice” in almost every chapter to

highlight how the data science theory and practice presented in the book gets used

in industry.

• NEW: Additional hands-on examples and problems, as well as conceptual

questions.

• NEW: All datasets are available to download right from the book’s website. These

datasets are now clearly listed at the start of each chapter under a newly added

“Online Datasets” section.

• NEW: Chapter on “Python for Statistical Analysis” that goes further into using

Python for statistical inference (e.g., hypothesis testing).

• NEW: Chapter on cloud computing that shows how to use Python for doing data

science through popular cloud platforms – AWS, Azure, and Google Cloud. These

are essential for working in industry and large-scale projects.

• NEW: An end-to-end project with Reddit data in Chapter 10.

• NEW: Several sections at appropriate places to reflect the influence of generative AI

and AI in general. Example: the section on synthetic data in Chapter 2.

• NEW: A detailed discussion on data ethics for data users and data scientists in

Chapter 1.

• NEW: Several appendices that are now available online through the book’s website

to allow for regular updates and provision of the most current and accurate infor-

mation to supplement the book’s material.

• UPDATES: Several screenshots, numbers, and links. Some of the descriptions and

instructions for problems have also been updated.

• UPDATES: Incorporated fixes for the errors found before and reported in the

errata document.

• UPDATES: The chapters on UNIX and MySQL have been moved to an appendix.
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undergraduate and graduate students pursuing data science careers. This book is a

result of his many years of teaching, advising, researching, and realizing the need for

such a resource.
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