
POLSCI 609: Fundamentals of Research
David A. Siegel

Course information:
Time: Th 8:45 - 11:15 am
Place: Gross 111
Lab Time: Fri 10-11am, Mon 10:30-11:30am
Lab Place: Gross 111 (Fri), Gross 230C (Mon)
Course website: Canvas

Contact Information:
E-mail: david.siegel@duke.edu
Office: 293 Gross Hall (282 for OH)
OH: M 9:30-10:30am, Th 1:30-2:30pm
Lab TA: Stephanie Wright
TA e-mail: stephanie.wright118@duke.edu

Course Description

This course, in concert with the department’s summer math camp, is designed to introduce
and/or review the mathematical tools underlying most work in quantitative political science, in-
cluding both statistical and formal modeling techniques. It is also designed, through the lab, to
provide facility with the R programming language. Topics to be covered include: (i) calculus, (ii)
probability, (iii) linear algebra, and (iv) statistical inference. The course is intended to prepare stu-
dents for later methods classes within the department, provide students with a basic understanding
of a variety of mathematical skills, and explore the importance of those skills in the context of
social science research. Upon successful completion of the course students will:

• be able to apply basic mathematical operations,

• be able to understand when and why certain mathematical operations are required by social
scientists,

• be able to recognize and hopefully avoid the various pitfalls of faulty application of mathe-
matics,

• attain basic mathematical literacy with respect to research published in the discipline,

• attain a working knowledge of the R programming language, and

• be ready to take methods classes within the department and additional foundational classes
outside of it.

Course Format

The class structure reflects two necessities: one can’t learn math or programming without lots
of practice and there is a lot of material to cover. To accommodate the second, class will begin
before the semester starts. As part of math camp, with the aid of video lectures and online problem
sets, you will work through course material up through calculus in one dimension. You may do this
at your leisure before the start of the course, but you must complete this work before the course
starts. The material you need to cover on your own is provided in the schedule below. You will
also participate in an R boot camp during the orientation period. In the first week of class and lab
we will review this material, and there will be an exam on it after the first week.

To accommodate the first, problem sets will be assigned in all weeks in which you do not have
an exam. Each problem set save the first will comprise two components: one you must complete by
hand, and one you must complete in R. Those problem sets will require a significant input of time,
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and represent the most important mechanism for developing mastery of the material. To maximize
the value of these problem sets to you, it will be you, not we, who will provide the first assessment
of your own problem sets. The procedure will be as follows. Each problem set will appear under
Assignments on Canvas one week before it is due. After the due date, you will get access to a
new assignment that will be due in three days. That second assignment will require you, with
the aid of solutions to the problem set, to figure out which problems you answered correctly, and
where your answers may have deviated from the solutions on the others. For those others, you will
provide detailed comments on your original problem set submissions that both identify and explain
the reasoning behind any incorrect problems you had on your original submission, and describe
how you would now solve them instead. In doing so you will not assign any grades. After you
turn in your commented problem set to the appropriate Canvas Assignment, we will grade both
your original problem set and the one on which you provided comments. The goal of the exercise
is to ensure that by the conclusion of the process you understand fully the logic underlying each
problem.

Beyond the problem sets, the course consists of class lectures, labs, and exams. Though I will
be primarily lecturing during class, it will be absolutely vital to be engaged during class time.
This class builds on itself, and falling behind can lead to a great deal of confusion down the road.
No question that helps anyone avoid falling behind is a bad one. Also, from experience, it is
highly likely that many other students also will have had your same question. In service of that
point, I strongly encourage frequent interruptions. All questions, from the most basic to the most
complex, will be treated with respect: I will brook no violations of that rule, and reserve the right
to remove any student from class who violates it, though I’ll give warnings first. Class will focus
on mathematics; the lab, run by the TA, will focus on R programming. Each topic in R will be
tied to what we do in class, to help you gain the experience you need to succeed in later methods
courses.

There will be a total of four exams in the class: three shorter ones and one longer, cumulative,
final exam. Each will contain the same two components as the problem sets and each will be
take-home, to avoid taking valuable class time.

Readings

The primary text for this course is Moore, Will H. and David A. Siegel. 2013. A Mathematics
Course for Political and Social Research. Princeton, NJ: Princeton University Press. I reference
relevant chapters in the schedule below. That book has an accompanying website, here: https:

//daveasiegel.com/teaching/math-course. On that website are links to my YouTube channel,
which has the videos you will be using prior to the beginning of the semester. Of course, you are
free to use them during the semester as well: there are videos for every chapter in the text, along
with problem sessions. I’ve noted the relevant ones on the schedule below. The website also has
additional practice problems with solutions. Links can also be found in modules in Canvas, which
mirror the structure of the course.

For the part of the course covering an introduction to statistical inference, we will also use
Gillard, Jonathan. 2020. A First Course in Statistical Inference. Springer. Duke’s library has it
available as a pdf at https://link.springer.com/book/10.1007/978-3-030-39561-2. Materi-
als for the lab will be posted to the course’s Canvas site.

There are a large number of additional sources of all this material. Here is a very small number
of additional ones. Feel free to use any of these, or any other ones you find (except for on exams).

• Simon, Carl and Lawrence Blume. (SB) 1994. Mathematics for Economists. New York:
Norton.
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• Hagel, Timothy. 1995. Basic Math for Social Scientists: Concepts. Volume 108.

• Ross, Sheldon M. Introduction to Probability Models. San Diego: Academic Press.

• ——. 1996. Basic Math for Social Scientists: Problems and Solutions. Volume 109.

• Gill, Jeff. 2006. Essential Mathematics for Political and Social Research. Cambridge Press.

• Fox, John. 2009. A Mathematical Primer for Social Statistics.

• Chiang, Alpha and Kevin Wainwright. 2005. Fundamental Methods of Mathematical Eco-
nomics. Boston: McGraw Hill.

• Namboodiri, Krishnan. 1984. Matrix Algebra: An Introduction. Sage Publications.

• Thompson, Silvanus P. and Martin Gardner. Calculus Made Easy.

• http://Math.com

• http://mathworld.wolfram.com/

• Blackwell, Matthew. 2024. A User’s Guide to Statistical Inference and Regression. https:

//mattblackwell.github.io/gov2002-book/

Course Requirements

• Problem Sets (40%): This is the most important part of the course. You are welcome to
work together on these on your first submissions, but each person must write up the solutions
on their own, either by hand (assuming your handwriting is legible and you are comfortable
scanning or taking pictures of your answers and uploading them to Canvas) or by computer
(doc, docx, and pdf are all acceptable formats). You are strongly encouraged to make sure
that you understand each thing you write down, and I encourage you to come talk to me
and/or the TA if this is proving difficult. This is for your benefit, not mine: you will get
much more out of the class this way. You will turn in an electronic copy of each problem
set on its due date, and there will be no extensions. At that time, I will distribute solutions
as an attachment to a second assignment. You will then have a few days, as noted on the
course schedule, to provide your self-assessment of the original problem set discussed above
(in a different color, if handwritten), and turn it in electronically to that second assignment.
You will be graded on both your original solutions and your assessment. Generous credit
will be given for making a real attempt at a difficult problem and then working out later the
full solution, even if the solution is not found at first, so don’t worry if your initial answers
are not flawless. No credit, however, will be given for a cursory first attempt, followed by a
detailed assessment. Note: in your self-assessment, I am looking for a discussion of how your
answer deviated from the solution, not your merely copying my solution over, and no credit
will be given for that. Do not put problem sets off to the last minute! The earlier you start,
the more help you can expect.

• 3 Short Exams (36%): The exams will cover the material in Parts I, II, and III of the class,
as noted in the course schedule. Each exam will be a two-hour take-home exam. You may
use the class and lab texts and class and lab notes on the exam, but no other sources. You
may use R and R studio in the relevant part of the exam, but not in the rest of the exam,
and no other computational tools can be used.
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• Comprehensive Final Exam (24%): This exam will be five hours long, and will occur as noted
on the course schedule. All rules for the short exams also apply to the final exam. It will
cover all material in the class, as the name implies, though with extra attention to statistical
inference.

Course Schedule:

Part I: Building Blocks and Calculus

Pre-semester work: Building Blocks: spaces; sets and operations on sets; unknowns and
solving for variables; common mathematical notation; algebra review; methods of proof; relations;
mappings; functions; utility representations; limits and continuity; sequences and series; open,
closed, bounded, compact, and convex sets. Calculus: calculus in one dimension; derivatives; inter-
preting derivatives; Higher order derivatives, composite functions, chain rule; derivatives of special
functions; indefinite integrals; definite integrals; fundamental theorem of calculus; techniques of
integration; optimization in one dimension; supremum, infimum, maximum, and minimum; first
order and second order conditions; introduction to and basic coding in R (during bootcamp).
Reading: Moore and Siegel Chapters 1-8. YouTube Lecture 1-6 Playlists (located here: https:

//www.youtube.com/c/DavidSiegelmath/playlists; see also first two modules in Canvas).
Problem Set 1 available on Canvas and by e-mail.

Week 1, August 29: Review of Building Blocks and Calculus
Problem Set 1 due by class; revision due by noon following Monday. Exam 1 available on Canvas;
must be completed by T Sep 3.

Part II: Linear Algebra

Week 2, September 5: Introduction to linear algebra; vectors and vector algebra; matrices
and matrix algebra; transposes and inverse; identity and null matrices; determinants.
Reading: Chapter 12. YouTube Lecture 10 Playlist.
Problem Set 2 available on Canvas.

Week 3, September 12: Vector spaces; systems of linear equations; rank; existence of solu-
tions; inner products and norms; Cramer’s Rule; quadratic forms and definiteness.
Reading: Chapter 13. YouTube Lecture 11 Playlist.
Problem Set 2 due; revision due by noon following Monday. Problem Set 3 available on Canvas.

Week 4, September 19: Eigenvalues and eigenvectors; matrix decomposition; Markov pro-
cesses.
Reading: Chapter 14. YouTube Lecture 12 Playlist.
Problem Set 3 due; revision due by noon following Monday. Problem Set 4 available on Canvas.

Week 5, September 26: Review of linear algebra; introduction to multivariable calculus:
mainly functions of several variables, total and partial derivatives, and integration over more than
one variable;
Reading: Chapter 15. YouTube Lecture 13 Playlist.
Problem Set 4 due; revision due by noon following Monday. Exam 2 available on Canvas; must be
completed by T Oct 1.
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Part III: Probability

Week 6, October 3: Sample spaces; events; probability; conditional probability and indepen-
dence; Bayes’ Rule.
Reading: Chapter 9. YouTube Lecture 7 Playlist.
Problem Set 5 available on Canvas.

Week 7, October 10: Discrete random variables; discrete distributions; joint distributions;
special discrete distribution functions.
Reading: Chapter 10 (through 10.6). YouTube Lecture 8 Playlist (through module 6).
Problem Set 5 due; revision due by noon following Wednesday (due to Fall Break). Problem Set 6
available on Canvas.

Week 8, October 17: More special discrete distribution functions; expectation and condi-
tional expectation; uncertainty and expected utility; moments of distributions.
Reading: Chapter 10 (rest). YouTube Lecture 8 Playlist (rest).
Problem Set 6 due; revision due by noon following Monday. Problem Set 7 available on Canvas.

Week 9, October 24: Continuous random variables; continuous distributions; stochastic dom-
inance.
Reading: Chapter 11 (through 11.2). YouTube Lecture 9 Playlist (through module 6).
Problem Set 7 due; revision due by noon following Monday. Problem Set 8 available on Canvas.

Week 10, October 31: Review of probability.
Reading: Gillard Chapter 1.
Problem Set 8 due; revision due by noon following Monday. Exam 3 available on Canvas; must be
completed by T Nov 5.

Part IV: Statistical Inference and Hypothesis Testing

Week 11, Nov 7: Samples and sampling distributions; common statistical distributions; cen-
tral limit theorem; bias and error.
Reading: Chapter 11 (rest), Gillard Chapters 2, 3. YouTube Lecture 9 Playlist (rest).
Problem Set 9 available on Canvas.

Week 12, Nov 14: Confidence intervals; hypothesis testing
Reading: Gillard Chapters 4, 5.
Problem Set 9 due; revision due by noon following Monday. Problem Set 10 available on Canvas.

Week 13, Nov 21: ANOVA; regression
Reading: Gillard Chapters 6, 7.
Problem Set 10 due; revision due by noon following Monday. Problem Set 11 available on Canvas.

Week 14, Dec 5: Review of entire class
Reading: None.
Problem Set 11 due; revision due by noon following Monday.
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Final Exam: May be taken anytime from Friday, Dec 6 to Tuesday, Dec 10, as long as the
revisions for PS 11 have been turned in first.
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