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Preface & About This Book



0.1 Preface

Data Science is an emerging field. A large number of organizations are using it for research and business. Glassdoor ranks data science as one of the best careers. There is an ever-growing demand for data scientists. Both programmers and domain experts fill up these positions.





0.2 About This Book

This book is for beginners and domain experts who want to start their Data Science journey. The book is precise and complete. It is one of the fastest ways to learn data science. It covers all the aspects of data science, graphing, and machine learning. The book is just 180 pages.

As this is a beginner level book, prior knowledge is not needed. Prior knowledge in statistics, or programming would be helpful.

Please leave a review of the book on the product page. Your feedback is highly appreciated.





0.3 Author Info

Narayana Nemani is the Lead Data Scientist. He is involved in the teaching and research of data science.

Email: nnpubbook@gmail.com





0.4 Copyright © 2026 Narayana Nemani All Rights Reserved.

No part of this book may be reproduced or used in any manner without the prior written permission of the copyright owner, except for the use of brief quotations in a book review.









1 Getting Started



1.1 Data Science Introduction

Data science is the study of analyzing data and using data. It is the art of turning raw data into insights. Analyzing and predicting data are the primary objectives of data science. Data science is a subset of artificial intelligence.

Popular data science applications are self-driving cars and gaming AI.


[image: A self-driving car and chess game]

Figure 1.1: Applications of Data Science




Examples of application of data science:


	E-commerce applications recommend products based on previous purchases.

	Supermarkets estimate sales and fill the inventory accordingly.



Data Sources

Data is the core of data science.

Typical data sources are the organization’s internal data, government data, and surveys.

For example, news channels gather data by conducting exit polls to forecast election outcomes.

Learning Data Science

Data science needs knowledge from various fields. Mathematics, programming, and domain knowledge are the pillars of data science.


[image: Data science block resting on three pillars]

Figure 1.2: Pillars of Data Science








1.2 Models

Create models to understand and predict data. Prediction is the primary use case of models. Prediction models analyse existing data and use it to predict outcomes for new data.

The steps for creating a model are:


	Understand the problem (Define problem statement)

	Transform data (Data Wrangling)

	Analyze data (Exploratory Data Analysis)

	Build the model with algorithms (Machine Learning)



Creating models is an iterative process. After finding a new insight in a step, make relevant changes in other steps.


[image: Model creation steps flowchart]

Figure 1.3: Steps of model creation








1.3 RStudio

RStudio is the recommended IDE for the R language. This ebook itself is written in RStudio.

The graphical interface has four areas. Each area has a single pane or multiple panes.


[image: RStudio with four areas]

Figure 1.4: RStudio





	Source code editor pane - Write the code in the editor pane. To create a new script file in RStudio, select the File > New File > R Script option. Save the file for reusing it.



Run code in the editor pane or console pane. The console displays the result.


[image: date() function in editor pane and today's date in the console]

Figure 1.5: Editor and Console panes





	The Environment pane displays the variables currently loaded in memory.




[image: Environment pane displays three variables currently loaded in memory]

Figure 1.6: Environment pane





	The history pane shows the previously executed code commands.




[image: History pane showing three previously executed commands]

Figure 1.7: History pane




Frequently used RStudio keyboard shortcuts are:


	
Ctrl + Enter: Run current line or selected code

	
Ctrl + Alt + r: Run entire document

	
Ctrl + Shift + c: Comment/Uncomment current line or selected code

	
Ctrl + l: Clear Console

	
Esc: Interrupt currently executing command







1.4 Project Structure

It is advisable to use multiple script files. At least one for each task. This improves the maintainability of code. Create scripts for cleaning, transforming, and model creation. Use folders for multiple files. For example, if there are four transformation scripts, place them in a folder.

The files pane displays the folder structure.


[image: Four folders named as Clean, Transform, EDA, and models]

Figure 1.8: Typical project structure




Projects club a group of files. Create projects in RStudio with the File > New Project option. Select the New Project option in the project type step.


[image: Project wizard options. Select these options, new directory and new project]

Figure 1.9: New project wizard








1.5 Jupyter Editor

Jupyter is another popular IDE for data science projects. It supports numerous programming languages, including Python and R. Jupyter segregates code into multiple blocks. The code blocks are called cells.

Frequently used Jupyter keyboard shortcuts are:


	
Ctrl + Enter: Run current cell or selected cells

	
A: Insert cell above the current cell

	
B: Insert cell below the current cell

	
D, D: Delete current cell




[image: Jupyter editor with multiple cells]

Figure 1.10: Jupyter












2 Statistics



2.1 Introduction

Statistics is the science of collecting, analyzing, and presenting data. It is built based on mathematical principles. Leverage statistics for decision-making and strategic planning.





2.2 Common Statistical Terms



2.2.1 Individuals and Variables

An individual is the data of a single person or thing. Usually, they are rows of a table.

A variable is an attribute of the individuals. Usually, they are columns of a table.


[image: Dataset with three variables (columns) and two individuals (rows)]

Figure 2.1: Individuals and Variables








2.2.2 Population and Sample

The population (N) is the data of all the members.

The sample (n) is the data of some members in the population.


[image: A Venn diagram showing a large  rectangle labeled Population (N) containing a smaller oval labeled Sample (n)]

Figure 2.2: Population and Sample










2.3 Sampling

Sampling is the process of selecting a sample from a much larger population. Collecting data on a large population is not possible. So, collect a sample from the whole population. Analyze sample data to understand the characteristics of the population.



2.3.1 Types of Sampling

Collect samples in the following ways.

Random sampling is selecting individuals randomly.

Systematic sampling selects every nth individual from sorted data.

The stratified sampling selects individuals from each category.


[image: An infographic displaying three probability sampling methods: Random, Systematic, and Stratified.]

Figure 2.3: Types of sampling










2.4 Data Classification



2.4.1 Classification by Quantitative or Qualitative

Classify the data based on whether the variables are numbers or names.

Quantitative (numerical)

Measure quantitative data in numbers.

For example, the heights of individuals.

The quantitative is of two types.


	The continuous data has decimal values. Examples of continuous data are temperature, height, and distance.


	The discrete data does not have decimal values. Examples of discrete data are student roll numbers and the number of houses in a locality.




Qualitative (categorical)

The qualitative data are the names given to features.

For example, labeling of materials as brittle or flexible.

Categories are also known as classes.

The qualitative data are of two types.


	The nominal data does not have a value associated with it. A nominal value is not greater or lesser than its peers. Example: The names of people.


	The ordinal data have a value associated with them. It is sortable. Example: Movie reception values are flop, average, and blockbuster. These values are sortable from the worst possible outcome to the best possible outcome.





[image: Quantitative or Qualitative categories list]

Figure 2.4: Quantitative or Qualitative








2.4.2 Classification by Homogeneous or Heterogeneous

Classify the data based on whether the variables are of the same type.


[image: Data branching down into two categories homogeneous and heterogeneous]

Figure 2.5: Data classification based on the homogeneity




Homogeneous

The homogeneous data has variables of the same atomic type.

For example, a table with cities, states, and countries. All these variables are strings.


[image: Table with two rows]

Figure 2.6: Homogeneous data




Heterogeneous

The heterogeneous data has variables of different atomic types.

For example, a supermarket inventory with id, name, and price variables. Here, the id is an integer type, the name is a string type, and the price is a numeric type.


[image: Table with two rows]

Figure 2.7: Heterogeneous data










2.5 To-do Exercises


	What is Selection Bias?


	What is Survivorship Bias?












3 R Language



3.1 Introduction

R is a programming language created by statisticians for statistics. It has built-in statistical and visualization capabilities. It is popular among the scientific community.

Hello World

It is customary to introduce a coding language with a ‘Hello World’ program. It is a simple script that prints ‘Hello World’ to the screen. The ‘Hello World’ introduces the basic syntax and ensures the software is installed correctly.

Below is a basic ‘Hello World’ script in R.


[image: Code to print Hello World]

Figure 3.1: Hello world example




Add the comments with the number-sign/hash # character. Comments document the code. The compiler ignores the comments.

> # Hello world example


The assignment operator (<-) passes a value to a variable. We can also use the equal sign (=) to assign a value to a variable.

> x <- "Hello World"


R supports implicit printing. Run a variable to print its value.

> x
[1] "Hello World"






3.2 Packages

Packages are shared code libraries that provide additional functionality. Packages are available for visualization, prediction, and other tasks. For example, the Quantmod package has functionality for analyzing stocks.

Install libraries using install.packages() command.

> install.packages('quantmod')


Alternatively, install them with the packages pane.


[image: Packages pane with list of availble packages that can be loaded or detached. It has install and update buttons]

Figure 3.2: Packages pane





[image: Type package name and search for a package in the install window]

Figure 3.3: Install packages using the RStudio user interface




The library function loads the installed packages into memory.

> library(quantmod)


The detach function unloads packages from memory.

> detach("package:quantmod", unload=TRUE)






3.3 Data Structures

Use data structures to store and modify data.



3.3.1 Vector

A vector is for one-dimensional homogeneous data.

Ex 1:

Assigning a single value to a variable creates a vector of length one.

> # character vector of length one
> single.character <- "c"             


Ex 2:

> # character vector
> characters <- c("a", "b", "c", "d")  
> # integer vector
> numbers <- c(1, 2, 3, 4)
> # boolean vector
> booleans <- c(TRUE, TRUE, FALSE)  






3.3.2 Seeding

Seeding initializes a variable with a sequence of numbers. Send the start and end numbers as arguments.

> # Initialize vector with numbers one to six
> numbers <- c(1:6)               
> numbers
[1] 1 2 3 4 5 6






3.3.3 Factor

The factor is a vector for categorical data.

> movie.recomendations <- factor(c("bad", "average", "blockbuster"))






3.3.4 Matrix

A matrix is for numeric tabular data. It gives faster results for mathematical operations when compared to the other two-dimensional data structures.

By default, the matrix fills column-wise.

> numbers <- matrix(c(1, 2, 3, 4, 5, 6), nrow = 2, ncol = 3)
> numbers
     [,1] [,2] [,3]
[1,]    1    3    5
[2,]    2    4    6
> 
> # Seeding a matrix
> numbers <- matrix(c(1:4), nrow = 2, ncol = 2)
> numbers
     [,1] [,2]
[1,]    1    3
[2,]    2    4


The by-row argument fills row-wise.

> # Filing row-wise
> numbers <- matrix(c(1:4), nrow = 2, ncol = 2, byrow = TRUE)
> numbers
     [,1] [,2]
[1,]    1    2
[2,]    3    4






3.3.5 Data Frame

The data frame is for heterogeneous tabular data. It is a collection of vectors. It is the most commonly used data structure.

> inventory <- data.frame(                                    
+   number = c(1, 2, 3),
+   name = c("Bread", "Jam", "Butter"),
+   department = c("Bakery", "Preserve", "Dairy"),
+   price = c(10, 20.5, 18.5),
+   discount.percentage = c(8, 20, 12),check.names = FALSE)


> inventory




Table 3.1: Inventory table


	number
	name
	department
	price
	discount.percentage





	1
	Bread
	Bakery
	10.0
	8



	2
	Jam
	Preserve
	20.5
	20



	3
	Butter
	Dairy
	18.5
	12









3.3.6 List

A list is a collection of data structures. It supports heterogeneous data.

> mountain1 <- c("Mount Everest", 8848, "India")
> mountain2 <- c("Kanchenjunga", 8586, "India")
> 
> # List of the mountains
> mountains <- list(mountain1, mountain2)


> mountains




Table 3.2: Mountains list



	



	x





	Mount Everest



	8848



	India






	



	x





	Kanchenjunga



	8586



	India

















3.4 Operators

R supports the following operators:


	Addition

	Subtraction

	Multiplication

	Division

	Logical

	Bitwise



Utilize operators on both individual values and data structures.

Multiplication example on individual values:

> a <- 3
> b <- 2
> a * b
[1] 6


Addition example on data structures:

> numbers1 <- c(1, 2, 3)
> numbers2 <- c(4, 5, 6)
> numbers1 + numbers2
[1] 5 7 9


Logical Operators

Logical operators are of two types.


	or (|)

	and (&)



The OR operator is TRUE when at least one of the inputs is TRUE.

Example:

> FALSE | TRUE
[1] TRUE


The AND operator is TRUE when all the inputs are TRUE.

Example:

> FALSE & TRUE
[1] FALSE



[image: Truth table for logic gates OR and AND. Columns show values for A, B, A or B, and A and B across four rows of True/False combinations. Image Transcription. A,B,A or B,A and B True,True,True,True True,False,True,False False,True,True,False False,False,False,False]

Figure 3.4: Logical operators




The following example demonstrates the application of the logical AND operator across two boolean vectors

> boolean.array1 <- c(TRUE, TRUE, FALSE)
> boolean.array2 <- c(TRUE, FALSE, FALSE)
> boolean.array1 & boolean.array2
[1]  TRUE FALSE FALSE


Negation

Negation (!) returns the opposite of a Boolean value.

Example:

> !FALSE
[1] TRUE






3.5 Functions

Functions are blocks of reusable code that perform a task. They make the code readable, modular, and easier to debug. Functions receive input values known as arguments. The output sent by the function is the return value.

> # Create function for adding two numbers
> AddTwoNumbers <- function(number1, number2){
+   # Return the sum
+   return (number1 + number2)
+ }
> 
> # Call the function
> AddTwoNumbers(number1 = 2, number2 = 3)
[1] 5


The return keyword is not mandatory in R. The function returns the last line.

> MultiplyTwoNumbers <- function(number1, number2){
+   number1 * number2
+ }
> MultiplyTwoNumbers(number1 = 2, number2 = 3)
[1] 6


Calling functions by mentioning argument names is not mandatory. Pass the arguments by position also.

> # Call the function without argument names
> MultiplyTwoNumbers(3, 4)
[1] 12


R functions are objects. They can be added to data structures or passed as arguments to other functions. This example passes one function as an argument to another function.

> Square <- function(input.number) {
+   input.number * input.number
+ }
> 
> Add <- function(input.number1, input.number2) {
+   input.number1 + input.number2
+ }
> 
> # Pass add function as an argument to the square function
> Square(Add(2, 3))
[1] 25


Multiple packages may have the same function names. When packages have the same function name, the recently loaded function overshadows the previously loaded function. The syntax to call a function from a specific package is package::Function().





3.6 Mathematical Functions

R has several built-in functions.

Sqrt

Sqrt returns the square root of numbers.

> numbers <- c(16, 25)
> sqrt(numbers)
[1] 4 5


Round

The round function rounds off to the nearest integer.

Ex 1:

> numbers <- c(2.3, 7.6)
> round(numbers)
[1] 2 8


Ex 2:

> # Round till two decimal places
> round(3.6666, 2)
[1] 3.67






3.7 Program Flow



3.7.1 Decision-making Statements

Decision-making statements alter the program flow.

If / else


	When the condition is TRUE, the compiler runs the IF block.


	When the condition is FALSE, the compiler runs the ELSE block.




> x <- 11
> if(x < 10){
+   "Lesser than 10"
+ } else{
+   "Greater than 10"
+ }
[1] "Greater than 10"


Switch

The switch compares a variable with multiple values.

> day.time <- "evening"
> 
> # Compare with three values morning, evening, night
> switch (day.time,
+   "morning" = "Good Morning",
+   "evening" =  "Good Evening",
+   "night" = "Good Night"
+ )
[1] "Good Evening"
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