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Introduction

This book was born from my frustrations and experiences in higher education and professional work.
It originated from notes and materials from a Spring 2023 course in survey design, inspired by the
enthusiastic response and insightful questions from my students.

Young data professionals typically learn about models, experiments, and theories during their
classes, frequently returning to that knowledge. However, executing high-quality research and analysis
requires a deeper understanding of the tools and the "how" rather than just the "what" and "why." This
knowledge often transcends what is taught within the constraints of a standard curriculum. In this
book, I aim to bridge that gap, helping you move from knowing what you want to do to understanding
how to do it. I have distilled hundreds of hours of frustration into these chapters, so you won’t have to
traverse that path yourself.

This book is not a comprehensive guide; if that’s what you’re seeking, you may want to look
elsewhere. Instead, the book can serve as a map, outlining the necessary tools and topics for your
research journey. The goal is to build your intuition and provide pointers for where to find more
detailed information. The chapters are deliberately concise and to the point, aiming to reveal and
enlighten rather than bore. You’ll learn about efficient data management, reproducible research,
literature review and writing practices, and effective data visualization.

Initially inspired by my journey through graduate school in economics, this book offers value
across disciplines. It contains essential insights for anyone engaged in data-related work, from the
humanities to data analytics and the sciences. Whether you are refining your expertise or new to data
analytics, this book promises to offer something of value.

Examples provided are primarily in R, making a basic understanding of the language advantageous
but not essential. Several chapters, especially those focusing on theory, require no programming
knowledge at all. A diverse audience, including web developers, mathematicians, data analysts, and
economists, has found the material beneficial. The book is designed to be inclusive, offering insights
irrespective of your programming proficiency or professional background.

Its structure allows for flexible reading paths; you may explore the chapters in sequence for a
systematic learning experience or navigate directly to the topics most relevant to you.
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Setting Up R and RStudio

Welcome to the exciting world of data analysis with R, a language crafted specifically for statistical
analysis and data visualization. R’s user-friendly syntax and reproducibility make it an ideal choice
for both novices and professionals. However, before diving into data exploration and modeling,
it’s essential to differentiate between R, the programming language, and RStudio, the integrated
development environment (IDE) that enhances R’s functionality.

Download and Install R

R is maintained and distributed through the Comprehensive R Archive Network (CRAN), ensuring
your access to the latest version and resources.

For macOS Users:

1. Navigate to the CRAN website.
2. Click on “Download R for macOS.”
3. Select the appropriate version:

• For Apple Silicon (e.g., M1, M2), download the version with “-arm64” (e.g., R-4.2.2-
arm64.pkg) in its name.

• For Intel-based Macs, select the version without “-arm64” (e.g., R-4.2.2.pkg).

4. Follow the installation wizard. The default settings are typically sufficient.

For Windows Users:

1. Visit the CRAN website.
2. Choose “Download R for Windows.”
3. Select “base” and then the first link at the top of the page (e.g., Download R-4.2.2 for Windows).
4. The installer will guide you through the process. Stick with the default settings for a smooth

installation.

xxi
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5. Additionally, Windows users should download Rtools, which are crucial for compiling packages
from sources. Visit Rtools, match the Rtools version with your R version, and follow the installer
instructions.

Download and Install RStudio

RStudio provides a user-friendly interface for R, akin to what Microsoft Word offers for text but
tailored to R scripting.

• To download RStudio, head to the RStudio download page.
• Click on “DOWNLOADRSTUDIODESKTOP FORWINDOWS” or select your operating system

for detailed instructions.

Configure RStudio

Enhance your RStudio experience with these initial setup tips:

• Change Theme: Shift from the default theme to a dark theme for improved readability. Go to
Tools > Global Options > Appearance, and select “Dracula.” Click “Apply.”

• Install Fira Code Font: For a modern coding aesthetic, install the “Fira Code” font, which supports
programming ligatures. Instructions can be found at Fira Code on GitHub. After installation, apply
this font in RStudio under Appearance.

Install Packages

Packages extend R’s functionality. Install them easily with commands in the RStudio console:

# Install a single package
install.packages("tidyverse")

# Install multiple packages
install.packages(c("tidyverse", "gapminder"))

To use installed packages, load them into your session:

library(tidyverse)

Now that we have R and RStudio up and running, let’s dive into some fundamental data
manipulation techniques in R.

https://cran.r-project.org/bin/windows/Rtools/
https://posit.co/download/rstudio-desktop/
https://github.com/tonsky/FiraCode/wiki/Installing
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Working with Data



Chapter 1
Data Manipulation

In data analysis, visualization and manipulation are essential for understanding and communicating
complex information. R, a powerful programming language for data analysis, offers a variety
of packages that enable the creation of visually compelling plots and the streamlining of data
manipulation. One of the most user-friendly and widely used collections of R packages1 is tidyverse,
developed by Hadley Wickham, chief scientist at Posit (RStudio). Tidyverse includes packages that
cover all common tasks and can be installed with install.packages("tidyverse") and activated
using library("tidyverse"). In this introduction, we will cover the basics of tidyverse using
readr for data reading, dplyr for data manipulation, tidyr for data tidying, and, later in the book,
ggplot2 for data visualization. For more information about tidyverse, visit their website https://www.
tidyverse.org/.

1.1 Basics

Let’s kick off with some fundamental concepts! R can be employed as a simple calculator.

# A "#" is used to annotate comments!
2 + 2

#> [1] 4

2 * 4

#> [1] 8

1 A package is a collection of prewritten functions, data, and documentation that enhances the capabilities of the R
programming language for specific tasks.

© Nikita Tkachenko 2025
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2^8

#> [1] 256

(1 + 3) / (3 + 5)

#> [1] 0.5

log(10) # Calculates the natural log of 10!

#> [1] 2.302585

R allows for defining variables and performing operations on them. Both = and <- can be used for
assigning values to a variable name, though <- is preferred to avoid confusion and certain errors.

x <- 2 # Equivalent to x = 2
x * 4

#> [1] 8

The command x <- 2 assigns the value 2 to x. Thus, when we subsequently type x * 4, R
replaces x with 2 to evaluate 2 * 4 and obtain 8. The value of x can be updated as needed using
= or <-. Bear in mind that R is case sensitive, so X and x are recognized as different variables.

x

#> [1] 2

(x <- x * 5) # Wrapping with (...) prints the variable

#> [1] 10

To further explore operations in R, the following table presents a comprehensive overview of basic
arithmetic, comparison, and logical operators you might need.
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Operator Description Example Result

+ Addition 3 + 2 5

- Subtraction 5 - 2 3

* Multiplication 3 * 2 6

/ Division 6 / 2 3

ˆ Exponentiation 2 ˆ 3 8

%% Modulus (remainder) 5 %% 2 1

%/% Integer division 5 %/% 2 2

== Equal to 2 == 2 TRUE

!= Not equal to 2 != 3 TRUE

< Less than 2 < 3 TRUE

> Greater than 3 > 2 TRUE

<= Less than or equal to 2 <= 2 TRUE

>= Greater than or equal to 2 >= 2 TRUE

& Logical AND TRUE & FALSE FALSE

| Logical OR TRUE | FALSE TRUE

! Logical NOT !TRUE FALSE

1.1.1 Data Types

R possesses a multitude of data types and classes, including data.frames, which are akin to Excel
spreadsheets with columns and rows. Initially, we’ll examine vectors. Vectors can store multiple values
of the same type, with the most basic ones being numeric, character, and logical.

x

#> [1] 10

class(x)

#> [1] "numeric"

(true_or_false <- TRUE)

#> [1] TRUE

class(true_or_false)

#> [1] "logical"

(name <- "Parsa Rahimi")


