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Reproducible Research with R and RStudio, Second Edition brings together
the skills and tools needed for doing and presenting computational research. Using
straightforward examples, the book takes you through an entire reproducible
research workflow. This practical workflow enables you to gather and analyze
data as well as dynamically present results in print and on the web.

New to the Second Edition

The rmarkdown package that allows you to create reproducible research
documents in PDF, HTML, and Microsoft Word formats using the simple and
intuitive Markdown syntax

Improvements to RStudio’s interface and capabilities, such as its new tools
for handling R Markdown documents

Expanded knitr R code chunk capabilities

The kable function in the knitr package and the texreg package for
dynamically creating tables to present your data and statistical results

An improved discussion of file organization, enabling you to take full
advantage of relative file paths so that your documents are more easily
reproducible across computers and systems

The dplyr, magrittr, and tidyr packages for fast data manipulation
Numerous modifications to R syntax in user-created packages

Changes to GitHub’s and Dropbox’s interfaces

This updated book provides all the tools to combine your research with the
presentation of your findings. It saves you time searching for information so
that you can spend more time actually addressing your research ‘questions.
Supplementary files used for the examples and a reproducible research project
are available on the author’s website.
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Aims and Scope

This book series reflects the recent rapid growth in the development and application
of R, the programming language and software environment for statistical computing
and graphics. R is now widely used in academic research, education, and industry.
It is constantly growing, with new versions of the core software released regularly
and more than 6,000 packages available. It is difficult for the documentation to
keep pace with the expansion of the software, and this vital book series provides a
forum for the publication of books covering many aspects of the development and
application of R.

The scope of the series is wide, covering three main threads:
Applications of R to specific disciplines such as biology, epidemiology,
genetics, engineering, finance, and the social sciences.
Using R for the study of topics of statistical methodology, such as linear and
mixed modeling, time series, Bayesian methods, and missing data.
The development of R, including programming, building packages, and
graphics.
The books will appeal to programmers and developers of R software, as well as
applied statisticians and data analysts in many fields. The books will feature
detailed worked examples and R code fully integrated into the text, ensuring their
usefulness to researchers, practitioners and students.
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Preface

This book has its genesis in my PhD research at the London School of Eco-
nomics. [ started the degree with questions about the 2008/09 financial crisis
and planned to spend most of my time researching capital adequacy require-
ments. But I quickly realized that I would actually spend a large proportion
of my time learning the day-to-day tasks of data gathering, analysis, and re-
sults presentation. After plodding through for a while with Word, Excel, and
Stata, my breaking point came while reentering results into a regression table
after I had tweaked one of my statistical models, yet again. Surely there was a
better way to do research that would allow me to spend more time answering
my research questions. Making research reproducible for others also means
making it better organized and efficient for yourself. My search for a better
way led me straight to the tools for reproducible computational research.
The reproducible research community is very active, knowledgeable, and
helpful. Nonetheless, I often encountered holes in this collective knowledge,
or at least had no resource organize it all together as a whole. That is my
intention for this book: to bring together the skills I have picked up for actually
doing and presenting computational research. Hopefully, the book, along with
making reproducible research more widely used, will save researchers hours of
googling, so they can spend more time addressing their research questions.

Changes to the Second Edition

The tools of reproducible research have developed rapidly since the first edition
of this book was published just two years ago. The second edition has been
updated to incorporate the most important of these advancements, including
discussions of:

e The rmarkdown package, which allows you to create reproducible research
documents in PDF, HTML, and Microsoft Word formats using the simple
and intuitive Markdown syntax.

« Improvements and changes to RStudio’s interface and capabilities, such
as its new tools for handling R Markdown documents.

« Expanded knitr R code chunk capabilities.

« The kable function in the knitr package and the texreg package for dy-
namically creating tables to present your data and statistical results.
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» An improved discussion of file organization allowing vou to take full ad-
vantage of relative file paths so that your documents are more easily re-
producible across computers and systems.

o The dplyr, magrittr, and tidyr packages for fast data manipulation.
» Numerous changeé to R syntax in user-created packages.

o Changes to GitHub's and Dropbox’s interfaces.
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The second edition has benefited immensely from first edition read-
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the explanations and examples in this book on my students. Their feedback
has been very helpful for making the book clearer and more useful. Their
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Stylistic Conventions

I use the following conventions throughout this book:

« Abstract variables: Abstract variables, i.e. variables that do not repre-
sent specific objects in an example, are in ALL CAPS TYPEWRITER TEXT.

+ Clickable buttons: Clickable Buttons are in typewriter text.
o Code: All code is in typewriter text.

o Filenames and directories: Filenames and directories more generally
are printed in #talics. I use CamelBack for file and directory names.

» File extensions: Like filenames, file extensions are italicized.

¢ Individual variable values: Individual variable values mentioned in the
text are in talics.

« Objects: Objects are printed in italics. I use CamelBack for object names.
« Object columns: Data frame object columns are printed in italics.
« Packages: R packages are printed in ttalics.

« Windows and RStudio panes: Open windows and RStudio panes are
written in italics.

» Variable names: Variable names are printed in bold. I use CamelBack
for individual variable names.

xvii






Required R Packages

In this book I discuss how to use a number of user-written R packages for
reproducible research. Many of these packages are not included in the default
R installation. They need to be installed separately.

Note: in general you should aim to minimize the number of packages that
vour research depends on. Doing so will lessen the possibility that your code
will “break” when a package is updated. This book depends on relatively many
packages because of its special and unusual purpose of illustrating a variety
of tools that you can use for reproducible research.

To install key user-written packages discussed in this book, copy the fol-
lowing code and paste it into your R console:

install.packages(c{"brew”, "countrycode",
"devtools", "dplyxr",
"ggplot2”, "googleVis",
"knitr®, "MCMCpack",
"repmig", "RCurl",
"rmarkdown’, "texreg",
"tidyr", "WDI",
"xtable", "Zelig"))

Once you enter this code, you may be asked to select a CRAN “mirror” to
download the packages from.! Simply select the mirror closest to you.

In Chapter 9 we use the Zelig package (Owen et al., 2013) to create a
simple Bayesian normal linear regression. For this to work properly you will
need to install an additional package called ZeligBayesian (Owen, 2011). To
do this, type the following code into your R console:

install.packages("ZeligBayesian",
repos = "http://r.iq.harvard.edu/",

type = "source")

LCRAN stands for the Comprehensive R Archive Network.

Xix



XX

Special issues for Windows and Linux Users

If you are using Windows, you will also need to install Rtools (Ripley and
Murdoch, 2012). You can download Rtools from: http://cran.r-project.
org/bin/windows/Rtools/. Please use the recommended installation to en-
sure that your system PATH is set up correctly. Otherwise your computer will
not know where the tools are.

On Linux you will need to install the RCurl (Temple Lang, 2015) and
XML (Temple Lang, 2013) packages separately. Use your Terminal to install
these packages with the following code:

sudo apt-get update

sudo apt-get install libcurl4-gnutls-dev
sudo apt-get install libxml2-dev

gudo apt-get imstall r-cran-xml

sude apt-get install r-cran-rjava



