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Preface

In today's data-driven world, understanding and interpreting data is becoming
increasingly crucial. Whether you are a researcher, a business professional, or
simply someone interested in uncovering insights, the power of data visualization
cannot be overstated. This book serves as a comprehensive guide to the art and
science of data visualization, equipping you with the knowledge and tools to
effectively communicate complex information through visually compelling
representations.

The chapters in this book cover various aspects of data visualization, providing
a structured approach to learning and applying these techniques. Here is a brief
overview of what each chapter explores:

Chapter 1: Understanding Data- In this chapter, we lay the foundation by
exploring the fundamentals of data. We discuss data types, sources, and formats
and introduce key concepts such as variables, observations, and data structures.
Understanding data is essential for effective visualization, as it allows us to identify
relevant information and prepare it for visualization.

Chapter 2: Data Visualization - Importance- Building upon the understanding
of data, we delve into the reasons why data visualization plays a vital role in
understanding and communicating data, highlighting its ability to reveal patterns,
trends, and correlations that might otherwise remain hidden.

Chapter 3: Data Visualization Use Cases- We examine a range of practical use
cases for data visualization. From business analytics to scientific research, data
visualization finds application in diverse fields, enabling us to make informed
decisions, identify outliers, and communicate findings effectively.

Chapter 4: Data Visualization Tools and Techniques- To help you embark on
your data visualization journey, we provide an overview of essential tools and
techniques. We explore popular data visualization tools like various types of charts
and plots, offering insights into their features and capabilities.

Chapter 5: Data Visualization with Matplotlib- In this chapter, we focus
specifically on Matplotlib, a powerful library for creating static, animated, and
interactive visualizations in Python. We cover its various plotting functions and
customization options to create visually appealing visualizations.
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Chapter 6: Data Visualization with Seaborn- In this chapter, we explore Seaborn,
a high-level data visualization library built on top of Matplotlib. We discuss its
specialized functions for statistical plotting and how it simplifies the creation of
aesthetically pleasing visualizations.

Chapter 7: Data Visualization with Bokeh- In this chapter, we dive into Bokeh, a
Python library for interactive data visualization. We explore its interactive plotting
capabilities, including interactivity with web browsers and creating dynamic,
interactive dashboards.

Chapter 8: Exploratory Data Analysis- We delve into the realm of exploratory
data analysis, a crucial step in understanding and gaining insights from raw data.
Through interactive visualizations and statistical techniques, you will learn how
to uncover patterns, identify outliers, and much more that drive further analysis.

Throughout this book, we strive to strike a balance between theoretical concepts
and practical examples. We provide clear explanations, step-by-step tutorials, and
real-world case studies to help you grasp the principles and apply them to your
own data visualization projects.

Whether you are a beginner or an experienced practitioner, this book aims to
expand your understanding and proficiency in the art of data visualization. We
invite you to embark on this journey with us as we explore the captivating world
of visualizing data and unlocking its transformative power.

Happy visualizing!
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CHAPTER 1

Understanding
Data

“Data really powers everything that we do.”
— Jeff Weiner

In this chapter, you will get familiar with “Data.” The chapter will provide an
understanding of what Data is and what are the ways to collectit. The chapter also
presents different ways of categorizing data with suitable examples of each type.
More importantly, we will discuss how data can be analyzed and how it can be used

properly.

The chapter presents an introduction to data and various categories into which it
can be segregated. For a better understanding of it, the attributes of data are also
elaborated. For any application, data cannot be used directly. Data preprocessing
is quite an essential stage. The chapter provides necessary techniques and ways to
preprocess the data as well.

Structure

In this chapter, we will discuss the following topics:
e Whatis Data?

o Categories of Data

o Data attributes



2 Data Visualization with Python

o Purpose of Data
e Data Collection

e Data Processing

Objectives

The foremost objective of this chapter is to make you familiar with data so that you
have a basic understanding of what exactly you are working on in the upcoming
chapter while visualizing the data. After studying this unit, you should be able
to understand and analyze the data as various categories and data attributes, and
further, you will be able to collect and prepare it well for further model building.

What is Data?

In our daily routines, we come across various important instances that can be termed
as data. Let us assume you are on a stroll, and you meet someone. The conversation
may start like this...Hi! I am David. What is your name? See here, “David” is important
information and is a fact that the other person is referred to as David. Here, “David”
is data, and if you are supposed to create a program/ application which can fetch the
names of the user, “David” will be considered as a string type data.

Let us take another example. You went to buy bread. The conversation might be:
A: ”Do you have bread?
B: Yes, how much do you want?
A: Please pack 2. How much do I have to pay?
B: It will cost you 100.50 INR.

See here we have a piece of essential information viz the number of packs required
and the cost to be paid. The quantity is “2,” and the amount is “100.50”. Again, if we
want our machine/system to calculate the cost, this type of data will be considered
as integer and float type, respectively.

Many times we fill up some kind of a form for, say, customer support by providing
some information. Or you go for your medical check-up, and at the reception, you
would be required to fill in the basic information about yourself. The form may
consist of yes-no questions where you will “Tick” mark the correct option. Actually,
the data is being collected through this form. Here, the data may be in the form of a
symbol.

The weather forecast on your mobile screen is another example of data; this data
is processed data coming from the meteorological department after analyzing the
historical data.
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Our routines are full of data. The data captured by your smartwatch on your body
parameters, the messages you type, the photographs you upload on social media,
and so on. So, we can conclude that data is a collection of numbers, floating points,
strings, and symbols that represents some value or situation. Data is information that
can be used and translated into a form that is effective and efficient for processing.
Data is facts and statistics collected together for reference or analysis. We rely on
data mostly to make decisions or analyze a situation.

Note: Data is information that can be used and translated into a form that is
effective and efficient for processing.

Categories of data

Two broad categories in which data can be classified on the basis of their format are:

Structured Data

Structured data is data that is ordered and may be recorded in a certain way.
Structured data is presented in an organized manner. Structured data is often keptin
a computer in a tabular (rows and columns) format, with each column representing
distinct data for a specific parameter known as an attribute/ characteristic/variable
and each row representing data of observation for multiple attributes. The data in
the excel sheets, data pulled from finance teams, sales data, and CRM data are all
structured data. Being in a pre-defined format, it is always easy to search for an
element/data item from the whole dataset. Please refer to the following figure:

1 Customer ID Customer Name Address Phone mmmber Gender Occupation Passport Number Social Security Number Email-TD Remarks
2 |C10-001 David 34, enclave 2323, cityroad, district. india 9841519646 Male Teacher AB933923 SA44277 cool david@net.ru

3 |C10-002 Adam 856, enclave 36427, cityroad, district, indiz 9932262265 Male Engineer AB983924 SB36%04 mightyadam43562@gmail.com

4 C10-003 Ruth 34, enclave 2323, cityroad, district, india 9856193020 Female Teaching Assistant AB983925 §528287 girl Poweri212@yahoo.com

5 |Cl10-004 Yuka 856, enclave 36427, cityroad, district, indiz 9924649579 Male Self-Employed AB983926 SJ35486 cool david@net.ru

6 C10-005 Robert 34, enclave 2323, cityroad, district, india 9992849407 Male Mechanic AB983927 §J33500 mightyadamase2@gmail.com

7 |C10-006 Umar 856, enclave 36427, cityroad, district, indiz 9950874076 Male Baker AB983928 SN25758 girl Power1212@yahoo.com

8 |C10-007 Otabek 34, enclave 2323, eityroad, district. india 9854468619 Male Researcher AB933929 SN44898 cool david@net.ru

3 |C10-008 Tbrat 856, enclave 36427, cityroad, district, indiz 9877088676 Male Self-Employed AB983930 SN35993 mightyadam4562@gmail.com

Figure 1.1: Structured data (the data is generated synthetically)

Unstructured data

Unstructured data is information that lacks a predefined data model or is not
arranged in a predefined way. Unstructured data is often text-heavy, although it
may also include data such as dates, figures, and facts. For instance, consider the
data available on a webpage. It consists mostly of text; however, multimedia content
is also available, viz. images, audio, video, and so on.

Consider the social media content; it includes text, emojis, special characters, GIFs,
and so on. Social media content also falls under unstructured data.

Considering the data captured in the healthcare sector, the content written by the
physician in the slip recommendation/notes is unstructured in nature. The data
captured in the form of imaging is also unstructured in nature.
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Thus, we can say that data, which are notin the traditional row and column structure,
are unstructured in nature. It is always tedious to work on unstructured data due to
the lack of any predefined format or schema. Further, unstructured data consumes
more storage.

Note: Structured data is presented in an organized predefined manner like row-
column format. Unstructured data lacks predefined format and is not organized.

Data can also be represented in the following categories:-
e Qualitative and Quantitative Data.
e Continuous and Discrete Data.

e Primary and Secondary Data.

Qualitative and Quantitative Data

Qualitative data are measurements of 'types," and they can be represented by a
name, symbol, or number code. Data concerning categorical variables constitute
qualitative data (for example, what type). Qualitative data results from information,
which has been classified.

Quantitative data are numerical variables' values (for example, how many; how
much; or how often). Quantitative data occurs when the measurement of data is
possible on a scale Quantitative data can also be discrete or continuous data varying
on the elements being used and observed.

Refer to table 1.1 for better understanding. Here ‘age” and “total marks” are numeric
variables containing quantitative data values (numeric values), while ‘Fail /Pass
status” and ‘Gender” are categorical variables holding qualitative values.

Data Instance Quantitative data Qualitative data
Student Age Total Marks obtained | Fail/Pass status | Gender
David 25 82 Pass Male
Ruth 22 80 Pass Female
Adam 23 40 Fail Male
Luka 25 42 Pass Male

Table 1.1: Qualitative - Quantitative data
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Some numeric variable examples:

In the table 1.2 below students have been categorized according to the age group
bracket they fall in. Students falling or belonging to the same age group are grouped
or huddled up together. These groupings are based on the age numbers of students,

"How many siblings do you have?”
"How much do you earn?”

"How many days do you work?"”

“How much is the area of your house?”
“How often do you visit your aunt?”

“How many employees are above 40?”

meaning the data is Numerical and thus referred to as Quantitative data.

The table 1.3 shows the data of the different specific times that people tend and
usually wake up. What is being observed or taken under consideration here is the

Age No. of Students
18 years and under 6
19-21 years 85
22-25 years 115
26-30 years 100
30 years and above 74

Table 1.2: Number of students in an age group

time that these people usually wake up.

Wake up Time No. of people
5AM-6AM 35
7AM-9AM 50

10AM-1130AM 60

12PM-130PM 20
2PM-3PM 15

Table 1.3: Number of persons as per wake-up time
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Some categorical variable examples-
e “Areyou a student?”
e "Inwhich country were you born?"”
e “What is the occupation of your father?”
o “Will they play today?” (Yes/No form)
o “Which category does this flower belong to?”

e “Isitadogoracat?”

Flower features
. . Category
sepal length, sepal width, petal length, petal width (cm)
5.1,35,1.4,0.2 Iris Setosa
7.0,32,47,1.4 Iris Versicolour
6.5,32,51,20 Iris Virginica

Table 1.4: Categories of flowers based on their characteristics (Iris dataset)

Note: Quantitative data is the value of a numeric variable. Qualitative data is the value
of categorical variable

Continuous and discrete data

Continuous data is data that can take any value. It appears as a sequence of values.
Height, weight, temperature and length are all examples of continuous data. It
represents the information that could be meaningfully divided into its finer levels. It
can be measured on a scale or continuum and can have almost any numeric value.
This type of data is referred to as Continuous data.

Discrete data is a type of data that includes whole, concrete numbers or categorical
variables with specific and fixed data values determined by counting. Discrete data
on the other hand may be shown in gaps in scale, with no real values to be found.

For example, the number of students in a class is an example of discrete data since
we can count whole individuals but can’t count like 2.5, 3.75, kids. In simple words,
discrete data can take only certain values and the data variables cannot be divided
into smaller parts. It has a limited number of possible values for example days of the
month.
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Name Gender |Age Survived
Allen, Miss. Elisabeth Walton female 29 1
Allison, Master. Hudson Trevor male 0.9167 1
Allison, Miss. Helen Loraine female 2 0
Allison, Mr. Hudson Joshua Creighton male 30 0
Allison, Mrs. Hudson J C (Bessie Waldo Daniels) female 25 0
Anderson, Mr. Harry male 48 1
Andrews, Miss. Kornelia Theodosia female 63 1

Table 1.5: Titanic survival data instances

In the table 1.5 above instances of “Titanic Survival” dataset are pulled to elaborate on
continuous and discrete data. Here the categorical data variable ‘Gender’ is discrete
in nature because it has only two values (Countable) viz. male and female. Similarly
the data values of ‘Survived” are also discrete in nature (0 or 1) while the data in ‘age’
is continuous in nature and we can also subdivide the values into categories like

adult, infant, senior citizens and so on.

Characteristics of Continuous data

¢ Continuous elements are not counted, but are measurable.

e Continuous data values can be categorized and further subdivided into

smaller pieces with additional meaning.

e Itisusually graphically displayed by histograms.

e Continuous data is first and foremost present and gives a better sense of

variation.

Some continuous data examples:
e The weight of people.
e The height of footballers.
e The waking up time of people.
e Speed of cars.
e Weight of trucks.
e The height of children.
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House prices.

Temperature

Characteristics of Discrete data

Discrete data can be counted and is usually counted in whole numbers.
Discrete data cannot be measured at all.

Discrete data values and elements cannot be subdivided into smaller pieces.
It is usually graphically displayed by a Bar Graph.

Binary attributes are a special case of discrete attributes where the count of
discrete values is always two (0/1, False/True).

Discrete data may also be ordinal or nominal data.

It may be ordinal data meaning when the values fit into one of many catego-
ries and there is an order or rank to the values.

It may be nominal data meaning when the values fit into one or many cate-
gories, especially where there is not any order between the values.

Some discrete data examples:

The number of students admitted to a College.

The number of people attending a Seminar.

The number of Football teams participating in a Tournament.
The number of cars in a Car Dealership.

The number of staff working in a company.

The number of patients admitted to a hospital.

The number of teachers working in a school.

Note: Continuous data is data that can take any value. It appears as a sequence of
values. Discrete data is countable/fixed values. It can take only certain values

Primary and secondary data

Primary data is data that is collected by people or on behalf of the person who is
going to make use of the data. We can say, it is the data collected for the first time.
For example, if you contact children’s parents and ask them about the educational
qualifications of their children concerning their performance this also grants or gives
them Primary data. Whereas Secondary data is data used by a person or by people
other than the people whom it was intended for. We can say secondary data is the
data that have already been collected by some other person
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Characteristics of Primary Data

Usually collected for the first time.
Original and more reliable than most types of data.

It is first-hand information gathered and collected usually by an Investigator
or Surveyor.

Characteristics of Secondary Data

It is second-hand information collected, gathered and reported.
Usually obtained from already published or unpublished sources.
Useful tips for using Secondary data.

How should the data be collected and processed?

Accuracy of the data.

How far the data can and should be summarized.

Comparing the data with other tabulations.

How to interpret the data?

Note: Primary data is data that is collected for the first time. Secondary data is the data
that have already been collected by some other person

Data attributes

Data is a collection of data objects and their attributes. In a particular dataset, we
get the features and instances with feature values. These features are actually the
attributes of the data while available instances are data objects. These instances
possess values for all or some attributes.

Objects

Attributes
—
name gender age survivied )
= [ —— |
Allen, Miss. Flisabeth Walton fermale 9 1
Allison, Master, Hudson Trevor miale 09167 1
Allison, Miss, Helen Loraine female 2 0
., Allison, Mr. Hudson Joshua Creighton male 3 o
Allison, Mrs. Hudson | C {Bessie Waldo Daniels) female ] 0
Anderson, Mr. Harry male 48 1
Andrews, Miss. Komelia Theodosia fermale 63 1
.

Figure 1.2: Data Attributes and Objects
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We can understand that an attribute is a property or characteristic of a data object.
For instance, if we have to create a dataset of persons, eye color, hair color, height,
weight, face shape can be considered as attributes. An attribute can also be referred
to as variable, field, characteristic, dimension, or feature. and attribute values are
numbers, symbols, values assigned to an attribute for a particular object. An object
can be referred to as a point, instance, record, entry, and sample.

Note: Data Attribute is the property or characteristic of a data / data object.

Majorly the attributes can have the following type, [NOIR]:-

Qualitative (Categorical) data
e Nominal (N)
e Ordinal (O)

Quantitative (Numeric) data

e Interval (I)
e Ratio (R)

Nominal

A nominal attribute is used to name, label, or categorize certain measurements
or features. It accepts qualitative values representing several categories, yet these
categories are not intrinsically ordered. Although numbers can be used to code
nominal variables, the order is arbitrary and arithmetic operations cannot be
performed on the numbers.

A nominal variable is the simplest of all measurement variables and is one of two
types of categorical variables. A person's phone number, national identification
number, postal code, and other personal information are examples. A nominal value
can be classified into two or more groups. Gender, for example, is a nominal variable
that may accept the values as male/female or M/F. Anominal variable is qualitative,
which implies that numbers are solely employed to categorize or identify items in
this context. The number on the back of a player's shirt, for example, is used to
indicate the position he or she is playing. They can also take numerical values. These
quantitative values, however, lack numeric features. That is, they cannot be used for
mathematical operations. They only possess the property of distinctness (equal or
not equal).

Ordinal

The ordinal attribute value provides sufficient information to order the objects.
They are built upon nominal scales by assigning numbers to objects to reflect a
rank or ordering on an attribute. Also, there is no standard ordering in the ordinal



