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About
Course description
This class will introduce you to the rudiments of programming languages; even
more, the class will teach you how to learn how to learn whatever programming
techniques you need to solve scholarly problems. We will spend the first month
on a general introduction to programming. Most of the course will focus on
applying programming techniques to historical research. Each week you will
learn a new technique—such as a visualization, mapping, network analysis,
text-mining—using real historical data to develop arguments and
interpretation. By the end of the semester you will create a programming
project of your choice which will help you in your future scholarly research. The
main languages that you will learn are JavaScript (a language obligatory for
the web but useful for many applications) and R (a statistical programming
language well-suited to scholarly purposes), but you are encouraged to learn
any language you like for the final project.

Learning goals
After taking this course, you will

be able to use computer programming to make historical arguments;
be able to apply programming techniques to scholarly research in
history, especially involving quantitative history, spatial history and
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mapping, network analysis, and text mining;
understand the common concepts of computer programming across
computer languages;
be able to use JavaScript and R and some of their most useful libraries;
be able to read documentation for languages and libraries in order to
teach yourself programming techniques as they become useful to you.

How to succeed at this course
This course does not assume any prior experience with computer
programming. (However the course does assume that you have taken George
Mason’s Clio 1 and Clio 2, and thus possess the skills taught in those courses.)
This course will be hard and unfamiliar, not least because you will be learning
new techniques at the same time that you are trying to apply them to historical
research. Here are a couple suggestions about how to succeed at this course:

Come talk with me early and often. Once a week is not too often to talk
outside of class. Most of your learning will happen outside of class, and I
will be able to help you the most if you try your hand at the exercises
before you come, but a conversation can go a long way towards getting
you unstuck.
Keep the history in mind at all times, and especially think about how you
might turn computer code into a historical argument. It is very difficult to
learn to program without a genuine use for what you are trying to learn.
Find a way that the techniques we are learning apply to your research,
especially your work for a dissertation, research paper, or job. I will
provide data sets that you can use, but you are always welcome to
substitute sources that are relevant to your research.

A few notes
This course assumes that you are programming in a Unix-like environment,
namely some Linux distribution running natively or in a virtual machine, or in
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An introduction to programming
for historians.

the Unix underpinnings of Mac OS X. You’re free to use Windows if you like,
but I won’t be able to guide you in figuring out the differences, and your code
will have to run on my machine. Configuration is the bane of all computer
projects, and to that end all code must run on a standard machine. This
machine image will be available to you using Vagrant, and you’ll be able to run
it as a virtual machine on your own computer. You should test all non-trivial
code in the virtual machine before submitting it. We’ll cover this in an early
class period.

The culture around programming can be extraordinarily generous, with many
people sharing their work and expertise for free. It can also be extraordinarily
toxic, especially for women and minorities. Part of this course will be learning
to help yourself in the culture of programming, including indispensable sites
such as Stack Overflow. If you get stuck in the more nefarious parts of the
culture, come ask for help. This website from the UVA Speaking in Code
summit might help too.

Clio 3: Programming in History/New Media
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Assignments
Participation
Your most basic assignment is to come to class prepared. Prepare for class by
going over the assigned reading for class with a text editor and terminal open,
doing your best to get the code to work. You are not expected to come to
class having mastered the topic, but you are expected to have tried your hand
at it.

By noon on the day of class, please send a brief e-mail to the course list about
at least one thing you think you learned and one thing you want to see better
explained. I will use your e-mails to tailor my explanations in class.

Weekly coding projects
For many classes I will ask you to work on a historical programming problem.
Your solutions should be published as a GitHub repository or Gist before the
start of class. You should come to class prepared to talk about how you
worked through the problem and (where appropriate) what historical argument
might be made from your findings. These projects will be evaluated on the
basis of effort and imagination in applying programming to history.

Tutorial
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At our first meeting you will pick from a list of programming techniques which
are not yet on the syllabus. One week you will teach the class for 30–40
minutes about the technique. Your lesson should include an accompanying
blog post with the necessary code and instructions. The Programming
Historian will be a helpful model; you may eventually wish to submit your
tutorial to the Programming Historian’s peer review.

Course project and presentation
Over the course of the semester you will create some digital history project
using computer programming. (This project should be roughly the equivalent
of a seminar paper’s worth of work.) This project should be chosen in
consultation with me. It might take any number of forms: a library or plugin, a
research paper backed by programming methods, a visualization, etc. During
the semester you will create a brief proposal and set of specifications for the
project. At our last class meeting you will give an informal presentation where
you explain both the code and the historical argument to the class and get
some feedback from them and me. The finished project will be due a week
later.

Evaluation
The assignments for this course will receive these weights.

assignment weight

class participation 25%

weekly coding projects 25%

tutorial 10%

final project presentation 10%

final project code/argument 30%
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Schedule

Aug. 27: Unix as a Way of Life
How to interact with your computer and to run programs through the
command-line interface. You will also learn a philosophy for writing programs.

Reading
Mike Gancarz, Linux and the Unix Philosophy, chs. 1–8, focusing on the
ten tenets.
William E. Shotts Jr., The Linux Command Line: A Complete Introduction.
Most of this book is a reference source, but familiarize yourself at a
minimum with chapters 2 (navigation), 4 (file manipulation), 5
(commands), 6 (redirection), 10 (processes), 11 (environment). Nearly all
of what Shotts writes about Linux will apply to the Unix terminal in Mac
OS X.

Exercises
Try out all the Unix style commands in your terminal.

Before class, do your best to get the following installed:
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A text editor of your choice: Sublime Text, TextWrangler, Atom, and Vim
are all solid choices.
Google Chrome
VirtualBox
Vagrant
Homebrew (if you’re on a Mac)
Git (through Homebrew on a Mac; through the package manager on
Linux)
Node.js (through Homebrew on a Mac; through a package manager on
Linux)
R language
R Studio Desktop

If you are on a Mac, you should install Homebrew and any necessary
dependencies as you go along. If you are on some kind of Linux machine, then
probably everything you need is in your package manager. If you are on a
Windows PC, you should install Ubuntu 14.04 LTS inside Virtual Box using
Vagrant. Follow this tutorial on Vagrant, substituting ubuntu/trusty64 for
hashicorp/precise32.

Sept. 3: Version Control and Reproducible
Research
Version control lets you contribute to projects and distribute your code. GNU
Make helps automate and reproduce your results.

Reading
Work through GitHub’s interactive tutorial for Git.
GitRef on basics and branching and merging; GitHub’s tutorial on pull
requests (video).
Look at Scott Chacon, Pro Git, especially chs. 1–3, 5, for reference.



9/4/2014 Schedule

http://lincolnmullen.com/courses/clio3.2014/schedule/ 3/12

Read Karl Broman’s lectures about reproducible research: introduction;
command line; version control.
Read Mike Bostock, “Why Use Make”.
Read the documentation for GNU Make.

Exercises
At least one day before class, submit a pull request to the repository for
this syllabus. The pull request should modify the list of participants
( source/participants.md) to add your name with a link to your personal
website, as well as your GitHub user name and a link to your GitHub user
profile. Feel free to include your Twitter user name and link if you like. (A
guide to Markdown if you need it.)
Create a minimal Makefile. This Makefile should take a text file (provided
by you) and find and replace words of your choosing to a new text file.
(Hint: sed 's/foo/bar/g' input-file.txt > output-file.txt replaces
all instances of foo with bar and redirects standard out to a file.) The
Makefile should also put the time stamp for when the output file was
generated at the bottom of the file. (Hint: in your shell the >> operator
appends to a file; there is also a command to get the current time.) Can
you rewrite the Makefile so that it uses rules? So that it uses special
targets? So that it works on several text files at once? On an arbitrary
number of files? So that it uses a default rule? Post your Makefile and
input text files to GitHub.

Sept. 10: Flow Control and Functions in
JavaScript
The basics of JavaScript, as well as some foundational principles like loops,
conditionals, functions, closure, and recursion.
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Reading
Read Marijn Haverbeke, Eloquent JavaScript: A Modern Introduction to
Programming (hereafter EJ), introduction, ch. 1, ch. 2, ch. 3.
Browse the JavaScript documentation, paying special attention to strings.
(DevDocs is also useful for language and API documentation.)

Exercises
Create separate .js files with the solutions for each exercise in these
chapters, and post them to GitHub.

Sept. 17: Data Structures in JavaScript
An introduction to how data is structured, and an introduction to the object-
oriented style of programming for modeling data.

Reading
Read EJ, ch. 4, ch. 6.
Browse the documentation for the DPLA’s API and sign up for an API key.
Browse the API for the American Converts Database, especially the items
page, as well as the Omeka REST API documentation.

Exercises
Create separate .js files with the solutions for each exercise in these
chapters, and post them to GitHub.
Think of a historical source, event, or life that could be modeled as data,
and create a data model for it in JavaScript. Can you write a constructor
function to create new objects? Can you create at least five objects? How
can you store an arbitrary number of objects? Now that you’ve stored
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those objects, what can you do with them that is interesting? How can
you display, represent, filter, and link them? Post your code to GitHub.

Sept. 24: Functional Programming in JavaScript;
DOM Manipulation
An introduction to manipulating data with pure functions, and to creating
elements on a web page.

Reading
Read EJ, ch. 5, ch. 12, Skim ch. 13, but we have much better ways for
manipulating the DOM in D3.js.
Read Scott Murray, Interactive Data Visualization for the Web (O’Reilly,
2013), ch. 4, ch. 5.
If it’s helpful, read Mike Bostock, “Thinking with Joins.”

Exercises
Create separate .js files with the solutions for each exercise in chapter
5 only.
Last week we looked at historical data available through APIs. Rewrite
our code using functional programming. How can you do this with
functions that you write yourself? How can D3’s functions for
manipulating data help you? How can you use D3’s functions for
manipulating the DOM to display the data? Can you build in interactivity?
What can you make that is usefuL? Post your code to GitHub (if suitable,
as a bl.ocks too).

Oct. 1: Introduction to R / Grammar of Graphics
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in R
We learn our second programming language and begin to make real
visualizations.

Reading
Watch the Google Developers’ introduction to R. You might also like R
Twotorials.
For a more thorough introduction to R, read the opening chapters of
Norman Matloff, The Art of R Programming: A Tour of Statistical Software
Design (No Starch Press, 2011) or of Hadley Wickham, Advanced R.
Read Hadley Wickham, ggplot2: Elegant Graphics for Data Analysis
(Springer, 2009), chs. 1–5. For the theory behind ggplot, look at Leland
Wilkinson, The Grammar of Graphics, 2nd ed. (Springer, 2005). You may
find Winston Chang, R Graphics Cookbook, appendix A, chs. 1–4, a
useful introduction to ggplot.
Browse the ggplot2 documentation.

Exercises
Experiment with ggplot2 in R Studio as you read the assigned books.
Find a historical data set and make as many different kinds of charts with
it as you can. (Some of them should be bad charts or unhelpful charts.)
Annotate the charts in RMarkdown and Knitr (guide here). Post the code
to GitHub and the document to RPubs.

Oct. 8: Manipulating Data in R
Data seldom comes in the format we need it: this is how to munge it into a
useful form.



9/4/2014 Schedule

http://lincolnmullen.com/courses/clio3.2014/schedule/ 7/12

Reading
Watch Hadley Wickham, “Tidy Data and Tidy Tools,” NYC Open
Statistical Computing Meetup, Dec. 2011.
Read Hadley Wickham, “Tidy Data,” Journal of Statistical Software
(forthcoming).
Read Hadley Wickham, “Reshaping Data in R,” Statistical Computing and
Graphics 16, no. 2 (Dec. 2005): 5–8.
Read Hadley Wickham, “The Split-Combine-Apply Strategy for Data
Analysis,” Journal of Statistical Software 40, no. 1 (Apr. 2011): 1–29.
Browse documentation for tidyr and dplyr. Be aware of the more full-
featured packages reshape2 and plyr.
You may find Seth van Hooland, Ruben Verborgh, and Max De Wilde,
“Cleaning Data with OpenRefine,” to be helpful.

Exercises
You will be provided with a messy, untidy data set. Without editing any file by
hand, create a pipeline that cleans and tidies the data. Create some sample
data visualizations to demonstrate that the data has been tidied. Can you also
apply this technique to some data you have gathered for your research?
Publish your input, output, and code files on GitHub and your explanation of
the process as an Rpubs document.

Oct. 15: Spatial Analysis in R
How to make maps and perform other kinds of spatial analysis.

Reading
Read Roger S. Bivand, Edzer Pebesma, and Virgilio Gómez-Rubio,
Applied Spatial Data Analysis with R (Springer, 2013).
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Read Robin Lovelace and James Cheshire, “Introduction to Spatial Data
and ggplot2,” Spatial.ly, Dec. 9, 2013.
Read Steven Brey, “Working with Geospatial Data” and Bethany Yollin,
“Working with Geospatial Data (and ggplot2).”
Browse documentation for sp, rgdal, rgeos, geonames, and ggmap R
packages, as well as for the GDAL/OGR command-line tools.

Exercises
Select from the spatial data sets available to you, or find your own. Make
maps. Publish your code to GitHub and your results to Rpubs. Hint: If you use
ggplot2 with a projected shapefile (i.e., a shapefile whose coordinates are
stored in some coordinate reference system other than latitude and longitude)
it will probably blow up. First convert the shapefile to EPSG 4326/WGS 84.

Oct. 22: Text Mining in R
How to do “distant reading,” document similarity, and other kinds of textual
analysis.

Reading
Read Matthew Jockers, Text Analysis with R for Students of Literature
(Springer, 2014). You may also wish to consult Matthew Jockers,
Macroanalysis (University of Illinois Press, 2013).
Read Fred Gibbs, “Document Similarity with R,”
Read the text mining and topic modeling sections sections of Shawn
Graham, Ian Milligan, and Scott Weingart, The Historian’s Macroscope.
Read the topic-modeling issue of the Journal of Digital Humanities 2, no.
1 (2012).
Browse the documentation for MALLET and the mallet and tm R
package.
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Exercises
Chose one (or both) of the following, in either case posting your code to
GitHub and your results to RPubs:

In the nineteenth-century United States, there was a fierce debate over
whether to codify laws. New York created several codes of civil
procedure, which other states then borrowed. You will be given a handful
of codes. Which codes borrowed from one another? What did they
borrow? How can you visualize this? How can you browse the
borrowings? What interpretations do you draw from this?
You will be given a cleaned up set of texts from the Oxford Movement’s
Tracts for the Times. What does text mining and topic modeling these
texts tell you? You may substitute another corpus if you wish.

Oct. 29: Network Analysis in R
How to measure and visualize networks of people, events, ideas, sources, you
name it.

Reading
Read Eric D. Kolaczyk and Gábor Csárdi, Statistical Analysis of Network
Data with R (Springer, 2014).
Read the networks sections of Shawn Graham, Ian Milligan, and Scott
Weingart, The Historian’s Macroscope.
Read Elijah Meeks, “More Networks in the Humanities.”
Read Scott Weingart, “Demystifying Networks, Parts I & II,” Journal of
Digital Humanities 1, no. 1 (2011).
Browse the documentation for the statnet, sna, and network R packages.

Exercises
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You will be provided with some historical data suitable for network analysis, or
you may bring your own. Do some network analysis with visualizations and
interpretations.

Nov. 5: D3.js Concepts
The basics of a powerful visualization library for the web.

Reading
Read Scott Murray, Interactive Data Visualization for the Web (O’Reilly,
2013).
Read Mike Bostock, “Let’s Make a Bar Chart” parts 1–3, “Let’s Make a
Map,” “Let’s Make a Bubble Map,” and “Thinking with Joins.”
Browse the D3 documentation.
Experiment with the examples in the D3 gallery.

Exercises
Using some suitable data set(s), create as many different kinds of D3
visualizations as you can manage. (These need not be complicated
visualizations.) Can you add interactivity to them? What does interactivity
add to the graphics? What does it take away?

Nov. 12: D3.js Applications
From D3 basics to D3 for history.

Reading
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No assigned reading, but you may find Elijah Meeks, D3.js in Action (Manning,
2014) useful for advanced D3.

Exercises
Over the course of the semester we have written programs to do many kinds of
analysis. Take one of the kinds of analysis that seems most promising for your
work, and translate it to the web using D3. Create the most sophisticated (not
flashy) visualization that you can, and embed it in an interpretation or narrative.
Use the principles of reproducible research as appropriate.

Nov. 19: Workshop day / TBD
This week we will work collaboratively on the projects for the course. We may
also cover additional topics such as web applications and frameworks (Ruby
on Rails, Sinatra, Node.js); programming practices such as debugging,
refactoring, and testing; other programming languages (Python, Ruby, PHP);
basic statistics of use to historians; or other topics relevant to your research.

Nov. 26: No class
Thanksgiving break.

Dec. 3: Project Presentations
You will present your final projects, with an emphasis on both their code and
historical interpretations. Final projects are due by 6 p.m. on December 10.
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Policies
Dates for Dropping and Adding
Please note these dates from the academic calendar for dropping and adding
this course:

Last Day to Add: September 2, 2014
Last Day to Drop: September 26, 2014
Selective Withdrawal Period: September 29 - October 17, 2014
(undergraduates only)

Assignments
N.B. Please plan on doing all the readings, working through all exercises,
completing any assignments, and installing necessary software before the
start of each class.

I may change due dates or assignments. I will always give you plenty of notice
of changes, which will always be intended for your benefit. Students must
satisfactorily complete all assignments (including participation assignments) in
order to pass this course.

Attendance
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Your attendance is expected every class meeting without exception. We will
be working closely together, so I hope you will develop a good working
relationship with everyone in the class. If you must be absent, I request that
you notify me by e-mail in advance of class meeting. Even if you are absent,
you must turn in assignments before the time when our class meets. After the
first two absences from class, the relevant portion of your grade for the class
will be lowered for each absence.

Communications
I am always glad to meet with you in person. You can make an appointment for
office hours by signing up here or e-mailing me. If none of my scheduled office
hours work for you, we can find another time that does. From time to time I may
offer online office hours. For all other communications I prefer e-mail. I will
reply to your messages within 24 hours (but never on a Sunday). I will send
official course communications to your George Mason e-mail address, which
you should check regularly. I will discuss grades only in person.

Privacy
You will be required to make some of your work publicly available. If you wish,
you may do so under an assumed name or user name to keep your identity
private from the public, though I and the other students in the course will have
access to your work.

Late work
I am willing to grant extensions for cause, but you must request an extension
before the assignment’s due date. For every day or part of a day that an
assignment is late without an extension, I may reduce your grade by a step,
e.g., from A to A-, from A- to B+, and so on. No work (other than final exams)
will be accepted later than the last day that the class meets unless I have
agreed otherwise.
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Course hashtag: #clio3
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Description
An introduction to programming
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Accommodations
If you are a student with a disability and you need academic accommodations,
please see me and contact the Office of Disability Services at 703-993-2474 or
http://ods.gmu.edu. All academic accommodations must be arranged through
that office.

General policies
See the George Mason University catalog for general policies, as well as the
university statement on diversity. You are expected to know and follow George
Mason’s policies on academic integrity and the honor code. Please ask me if
you have any questions about how these policies apply to work in this course.

License
This syllabus and all assignments are copyrighted © 2014 Lincoln Mullen. This
syllabus is licensed under a Creative Commons Attribution 4.0 International
License. You are free to use or modify this syllabus for any purpose, provided
that you attribute it to the author, preferably at the course website.
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