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course overview



As an aspiring academic, you must establish a 

reputation of excellence.



What are our goals?



What are our goals?
Use, understand, and explain  

the tools of modern statistical modeling.

paint mixing

engines tools to fit models ML, MM, Bayes, EM

distributions tools to model the world normal, bernoulli, Poisson

quantities of interest tools to understand models expected value, first difference

measures of fit tools to evaluate fitted models predictive distributions, LOOIC

tests and CIs tools to evaluate hypotheses Wald, LR, score

properties tools to evaluate procedures bias, consistency, coverage

computing tools to compute estimates glm(); {brms}



What do I ask of you?



What do I ask of you?

1. Read the notes and complete the exercises.  

2. Write a good paper of “modest ambition” and 
“exceptional quality.” 

3. Run a good workshop. 

4. Talk to me about all this stuff.



do you understand a variety of tools?
midterm exam 

and 
final exam

20% 
 

25%
in-class, closed book exams based 
on the examples and exercises.

can you explain these tools simply, clearly, and correctly?

workshop 15% one-hour workshop on a 
particular statistical model

can you apply these tools well?

paper 30% research project of modest 
ambition and exceptional quality



Exams
1. Based closely on exercises and examples.  

- Variants are fair game. 

- Make sure you can comfortably complete examples and exercises in a closed-
book setting.  

- Make sure you are not relying on solutions or AI-help. Don’t confuse 
“familiarity” with “understanding.” 

2. Exercises are “due” weekly, but I do not grade them.  

- I’ll distribute detailed solutions. 

- Come talk to me often! 

- Collaborate as it helps you learn. Ideal model might be (1) make a best effort 
as an individual, (2) discuss difficult portions in groups of 2-3, (3) polish your 
work as an individual, and (4) review your work weekly. 

- Large group discussion?



Research Project

Your task this semester: write a paper of modest 
ambition and exceptional quality that makes 
a descriptive argument about politics.



“A descriptive argument describes some aspect of the world. In doing so, it aims to 
answer ‘what’ questions (e.g., when, whom, out of what, in what manner) about a 
phenomenon or a set of phenomena. Descriptive arguments are about what is/
was. For example: ‘Over the course of the past two centuries there have been three 
major waves of democratization.’” —Gerring (2012)

“Descriptive Argument”



“Modest Ambition”

1. A body of work worthy of tenure at a major research university. 

2. A book-length project. 

3. An ambitious full-length article aimed at a top journal (e.g., AJPS or IO). 

4. A full-length article aimed at a good subfield journal (e.g, POBE or JCR). 

5. A research note aimed at a good journal (e.g., RAP).

As a starting point, imagine 3,000 words that 
make a single, specific, narrow contribution.

Carlisle’s AHH Scale

Hint: imagine something that will take about 3 weeks to put together.



Grade As a dissertation advisor, I’d say…

100%
“This seems ready to submit to a peer-reviewed journal. You should present it at a department workshop 
to help tie up any loose ends, but it seems ready to go.”

90%
“This seems almost ready to submit to a peer-reviewed journal. You should fix the minor issues listed 
below and then present it at a department workshop to help tie up any loose ends. But once you’ve fixed 
these minor issues, it seems ready to go.”

80%
“This is a good start. I see a couple of significant issues (and a few minor things) listed below that 
need work. Once you’ve addressed these issues, send me an updated version and I’ll give it another 
look.”

70%

“This paper isn’t adequately polished. Papers submitted to journals are significantly more polished 
than this—you should spend a lot of time revising and clarifying your paper before submitting. I’ve 
included some main areas to focus on below. In the future, it’s fine to discuss early work with me or 
ask me to review sketches of ideas, but it isn’t a good use of my time (or yours) to ask me for 
comments on a paper that you haven’t spend significant time making as good as you can. For drafts 
this rough, the arguments are tough to understand (and therefore critique and improve).

Hi Prof. Rainey, 

I’ve attached a draft of my paper on [topic]. I’m thinking about submitting it to [journal] soon. Could you let me know 
if you have any suggested revisions prior to submission?

Papers that fail to demonstrate competence with the methods are graded less than 70%.

“Exceptional Quality”



Workshop

Your task this semester: design and run a 60-
minute workshop on a particular statistical 
model. (Ideally in teams of two.)

Required materials 
1. Take-home handout. 
2. Slides. 
3. A read-ahead document.

Workshop structure 
1. 15-minute lecture. 
2. 15-minute example. 
3. 20-minute guided practice.



Date Title Exam Research Project Workshop Due

Aug 27 Review – – –

Sep 03 ML – Optional –

Sep 10 SE – Optional –

Sep 17 Covariates – Optional –

Sep 24 Bayes – Optional –

Oct 01 MCMC – Prospectus –

Oct 08 {marginaleffects} – – –

Oct 15 – Midterm – –

Oct 22 Hierarchical Models – First draft Initial outline of handout

Oct 29 IRT – – First drafts of all materials

Nov 05 MRP – – Workshop rehearsal

Nov 12 Case Study:  Fowler et al. (2023) – –

Hold workshopNov 19 Case Study: Fariss (2014) – –

Nov 26 Thanksgiving Break – Second draft

Dec 03 Wrap – Poster presentation –

Dec 10 – Final Final draft –

Aggressive Scaffolding



foundations



logarithms



<latexit sha1_base64="nnOpHQdhUcTNqEVw7UelHNLs8Ho="></latexit>

Simplify log (
∏n

i=1 y
ai
i ).



derivatives



<latexit sha1_base64="7q04H9yRIu/CrHv3zq6xUlo/33w="></latexit>

Let !(π) = S log(π)+(n−S) log
(
1−π

)
for 0 < π < 1, where

S and n (with 0 ≤ S ≤ n) are fixed numerical constants.
Find d!(π)

dπ .



matrices



<latexit sha1_base64="aAahX0C4kx9mVIZG5a9oq5SSYJM="></latexit>

Compute the product of the 2× 2 matrix A =

[
1 2
3 4

]
and

the 2× 3 matrix B =

[
5 6 7
8 9 10

]
.



integrals, pmfs , and pdfs



<latexit sha1_base64="S68PcK11ZgouUy4hEoLCQmCNvbQ="></latexit>

Compute Pr(−1.96 ≤ X ≤ 1.96) for X ∼ N (0, 1).



expected values and 
variances



<latexit sha1_base64="pwYy3iKaOYhlKMoxi3vu/G6F/M4="></latexit>Suppose the regression model

yi = β0 + β1xi + β2zi + β3xizi + εi.

1. Find the marginal effect of x.

2. Show that if the coefficient estimates are unbiased,
then the plug-in marginal effect estimate is unbiased.
(Would this generalize to, say β1

β3
?)

3. Find the variance of the plug-in marginal effect esti-
mate.



OLS and R



Starting with the code to the right, 
reproduce Clark and Golder's 
(2006) 1946-2000 Established 
Democracies model in Table 2 on 
p. 698. See also eq. 4 on p. 695 for 
their model specification. They use 
HC1 cluster-robust standard errors.

# run just once to get data package, then delete 
devtools::install_github("carlislerainey/crdata") 

# load packages 
library(tidyverse) 
library(sandwich)  # for robust SEs 

# load Clark and Golder's data 
cg <- crdata::cg2006  # from my data package 

# quick look at variables and their names 
glimpse(cg)



time permitting…



<latexit sha1_base64="ZYVF2li4FmY4LjB9a+KmZg169fs="></latexit>Show that scalar notation

yi = β0 + β1xi1 + ...+ βkxik + ε

is equivalent to the matrix notation

y = Xβ + ε.



what we’ll learn



extensions to linear regression model 

several methods to fit the models 

generic methods to compute quantities of interest

my view is modest 

these tools are not magic 

these tools are modest extensions  
of scatterplots and histograms

<latexit sha1_base64="raHAryWTr1sgDa7XQDSEk/GU/zw="></latexit>

We’re almost always interested in E (y | x)
or E (y | x = hi) − E (y | x = lo).





next time



<latexit sha1_base64="F0v8U4wV8/ZmOKw7B1+VacP+zmY="></latexit>

yi ∼ f (yi | µ,φ)

g(µ) = θ



Week 1 Exercises






