PSC 8124 - FALL 2025 Instructor: Derek Holliday

° derek.holliday@gwu.edu
Multilevel and Panel Models cereikholdaysom
Office: Monroe Hall 471

Monday 12:45-3:15pm - Lisner Hall 335 Office Hours: Tuesdays 2-3pm, and by appointment

COURSE DESCRIPTION

This course will prepare students to develop and utilize models deployed using multilevel and panel data. Such
data involve several units of analysis nested within each other, requiring specialized tools for valid inference.
For example, voters are nested within districts in a two-level hierarchical structure, or students within
classrooms within schools in a three-level structure. Panel data are a specialized subset of hierarchical
structures (concerning the nesting of units and time). We will focus on descriptive applications of multilevel
models in the first half of the course, with the second oriented around causal inference.

You should expect this course to take 2-2.5 hours of class time a week and an average of 5-10 hours of work
per week outside of class.

Learning Outcomes

As a result of completing this course, students will:

- Be adept at engaging and modeling with multilevel and panel data structures

- Be conversant with modern deployments of such models, able to interpret and reproduce the resulting findings

- Be able to produce paper-length, original research using the models discussed in class, capable of being
published in a professional journal

- Be able to write a dissertation chapter using the methods discussed in class

Course Prerequisites

A course in linear regression (OLS) is required. You should have good working familiarity with the R programming
language. While not required, knowledge of maximum likelihood estimation would be beneficial.

Materials

The only book not readily available for free that is required for this course is the following:

- Gelman, Andrew and Jennifer Hill. Data Analysis using Regression and Multilevel/Hierarchical Models, volume 1.
Cambridge University Press. (referred to as DA in syllabus)

I would not suggest purchasing the hardcopy (overpriced), but you can find ebook versions for significantly cheaper.

The other three texts we will draw from are available online for free:

- Gelman, Andrew, Jennifer Hill, and Aki Vehtari. Regression and Other Stories. Cambridge University Press, 2020
(Updated 2025). (referred to as ROS in syllabus)

- Gelman, Andrew, John Carlin, Hal Stern, David Dunson, Aki Vehtari, and Donald Rubin. Bayesian Data Analysis, 3rd

Edition. Updated 2025. (referred to as BDA in syllabus)
- Cunningham, Scott. Causal Inference: The Mixtape. (referred to as Mixtape in syllabus)

Software

We will be using R and a variety of R packages for analysis (you are welcome to use your preferred IDE, but |
recommend RStudio for most folks, or Positron for those looking for a more data-science, general purpose IDE). We
will also briefly use Stan for Bayesian analysis.

General Expectations

- Class attendance and participation are mandatory (see below for specific evaluation criteria).
- Collaboration is encouraged; please talk with each other when completing problem sets and projects. Ultimately,
however, each student must write their own answer sets and complete their own paper.
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- Laptops are acceptable for use in class. Please only use them to consult with class readings or to take notes.
Phone use is prohibited unless for medical or emergency purposes.
- This syllabus is subject to change with prior notification.

Evaluation

- Attendance and Participation (10%): Students are expected to attend class, ask questions, and actively
participate in class discussions.

- Cold Calling: | will occasionally be cold-calling (calling upon specific students to answer questions regardless of
whether you volunteer). | understand and empathize with the fact that this can be frightening if you have
never experienced this sort of teaching. | want to emphasize that the goal of this is not to “catch you out,” but
rather to foster engaged, active, and equitable participation. Methods can be hard, and it can be easy to be
left behind if you are hesitant to ask a question or participate. Therefore, answers to cold-called questions will
never be used to formally evaluate you. If you don’t know the answer, simply say “I don't know” or “Pass” and |
will move on, no judgement.

- Problem Sets (50%): Half of your course grade will be based on the successful completion of 5 problem sets
(10% each), meant to be completed over the course of 2 or more weeks (due dates are given in the course
schedule below). These problem sets will consist of both analytical and computational questions. Each problem
set will be due prior to that day’s lecture (12:45pm Eastern).

- Problem Set Grading: Grades will be determined considering completion, effort, and performance, using a 4-
point scale:

4: Attempted all problems, with only 1-2 minor errors

3: Attempted all problems, with several minor errors

2: Attempted all problems, with many minor or at least one major error
1: Attempted all problems, with several major errors

0: Did not attempt all problems / numerous major mistakes

- Format: Please submit each problem set as a single, successfully compiled PDF, which includes the code
(commented) and associated output for computational problems and intermediate steps for analytical ones. |
suggest using either Quarto or RMarkdown.

- Late Submissions: Late submissions will not be accepted unless prior permission has been sought and received
in advance of the deadline. Permission may or may not be granted, with or without penalty, depending on
specific circumstances.

- Collaboration: You may (and should) work collaboratively to complete problem sets, but always write your own
solutions (do not copy and paste someone else’s code), and you are heavily encouraged to engage with the
problem solo before workshopping with each other. If you collaborate, please note for which problems
collaboration occurred, and with whom. Violation of this policy will be considered an academic integrity issue.

- Research Paper (40%): This course is meant to prepare students to be producers of knowledge, not just
consumers. Therefore, each student is expected (individually) to produce a final research paper using a method
learned in class to tackle an empirical problem of their own substantive interest.

- Paper Requirements:

Length: a main manuscript of 12-16 pages (double spaced, 12 point font, 1-inch margins). Appendices are
optional and should be no longer than 20 pages if included. Figures and tables count toward the page
requirements, and should be included in-text (not at the end of the manuscript).

Format: Please include a brief introduction, and a description of your research question, data, empirical
strategy, results, and conclusions. Do not include literature reviews or lengthy background/theoretical
motivations... these are welcome in the appendix but will not count toward the page requirements.

Code: You must submit a replication archive with your paper which includes data, code (commented), and
associated outputs. | will run your code; replication failure will result in a significant penalty (depending on
the scale of the issues).

Topics: Any research topic is permitted so long as there is a clear research question and engagement with
multilevel and/or panel data. Replication papers are accepted so long as the analysis goes significantly
beyond the scope of the original research and applies methods learned in the course.

- The following milestones will be used as accountability mechanisms for progress on the paper:
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September through October: Think about possible topics, explore data, and run simple analyses on preliminary
data. Look at articles and topics that we will cover, not just those that we already have. This will help you
figure out whether a topic/method might be a good fit. Feel free to run ideas by me.

November 3: Brief description of project due before class (less than 3 pages). You should have access to
your data and have completed at least a descriptive analysis (crosstab, summary statistics, etc). Schedule a
brief meeting with me to discuss (in person or on Zoom). You may be asked to revise and resubmit your
proposal.

December 8: Presentations (10%, or 4 of the overall paper grade). These oral presentations will be ~12
minutes long (proportional to class size, will re-evaluate as enrollment becomes final). Slides should
accompany the presentation, with the format similar to major professional academic conferences

(e.g. APSA/MPSA). 5 minutes of Q&A will follow.

December 18: Paper due. Final version (along with replication archive) due online by end of the day (1:59pm
Eastern).

Artificial Intelligence Usage

Generative Artificial Intelligence (GAI) technologies continue to be developed, advanced, and adopted in an
increasing number of contexts and industries. While the technology undoubtedly has several industry benefits, both
potential and realized, its role in the classroom appears conditional. This class is situated uniquely within this
context; the primary goal is to prepare you to be active practitioners and interpreters of multilevel methodologies,
which involves generating code and understanding the background processes called by such functions. To put it
bluntly, this is an area where you can and will be “found out” quickly with only surface-level understandings of the
models facilitated primarily by Al usage. Therefore, | have the following expectations regarding Al usage in this class:
- You MAY use Al to:

- Check spelling, grammar, or identify synonyms

- Generate ideas and identify sources

- Rephrase sentences/reorganize writing that you have already drafted

- Recommend tweaks to outlines you have drafted yourself

- Generate snippets of example code that you integrate into your problem set answers
- You may NOT use Al to:

- Write entire sentences/paragraphs without citation

- Generate complete answers to problem set questions

University Policies

Academic Integrity Code

Academic integrity is an essential part of the educational process, and all members of the GW community take
these matters very seriously. As the instructor of record for this course, my role is to provide clear expectations
and uphold them in all assessments. Violations of academic integrity occur when students fail to cite research
sources properly, engage in unauthorized collaboration, falsify data, and otherwise violate the Code of Academic
Integrity. If you have any questions about whether particular academic practices or resources are permitted, you
should ask me for clarification. If you are reported for an academic integrity violation, you should contact Conflict
Education and Student Accountability (CESA), formerly known as Student Rights and Responsibilities (SRR), to learn
more about your rights and options in the process. Consequences can range from failure of assignment to
expulsion from the University and may include a transcript notation. For more information, refer to the CESA
website at students.gwu.edu/code-academic-integrity or contact CESA by email (cesa@gwu.edu) or phone
(202-994-6757).

Observance of Religious Holidays

Students must notify faculty during the first week of the semester in which they are enrolled in the course, or as
early as possible, but no later than three weeks prior to the absence, of their intention to be absent from class on
their day(s) of religious observance. If the holiday falls within the first three weeks of class, the student must inform
faculty in the first week of the semester. For details and policy, see provost.gwu.edu/policies-procedures-and-
guidelines.
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Use of Electronic Course Materials and Class Recordings

Students are encouraged to use electronic course materials, including recorded class sessions, for private personal
use in connection with their academic program of study. Electronic course materials and recorded class sessions
should not be shared or used for non-course related purposes unless express permission has been granted by the
instructor. Students who impermissibly share any electronic course materials are subject to discipline under the
Student Code of Conduct. Contact the instructor if you have questions regarding what constitutes permissible or
impermissible use of electronic course materials and/or recorded class sessions. Contact Disability Support
Services at disabilitysupport.gwu.edu if you have questions or need assistance in accessing electronic course
materials.

Academic Support

Academic Commons. Academic Commons is the central location for academic support resources for GW
students. To schedule a peer tutoring session for a variety of courses visit go.gwu.edu/tutoring. Visit
academiccommons.gwu.edu for study skills tips, finding help with research, and connecting with other campus
resources. For questions email academiccommons@gwu.edu.

GW Writing Center. GW Writing Center cultivates confident writers in the University community by facilitating
collaborative, critical, and inclusive conversations at all stages of the writing process. Working alongside peer
mentors, writers develop strategies to write independently in academic and public settings. Appointments can be
booked online at gwu.mywconline.

Support for Students In and Outside the Classroom
Disability Support Services (DSS), 202-994-8250. Any student who may need an accommodation based on the
potential impact of a disability should contact Disability Support Services at disabilitysupport.gwu.edu to establish
eligibility and to coordinate reasonable accommodations.

Student Health Center, 202-994-5300, 24/7. The Student Health Center (SHC) offers medical, counseling/
psychological, and psychiatric services to GW students. More information about the SHC is available at
healthcenter.gwu.edu. Students experiencing a medical or mental health emergency on campus should contact GW
Emergency Services at 202-994-6111, or off campus at 911.

GW Campus Emergency Information

GW Emergency Services: 202-994-6111. For situation-specific instructions, refer to GW’s Emergency Procedures
guide.

GW Alert. GW Alert is an emergency notification system that sends alerts to the GW community. GW requests
students, faculty, and staff maintain current contact information by logging on to alert.gwu.edu. Alerts are sent via
email, text, social media, and other means, including the Guardian app. The Guardian app is a safety app that allows
you to communicate quickly with GW Emergency Services, 911, and other resources. Learn more at safety.gwu.edu.

Protective Actions. GW prescribes four protective actions that can be issued by university officials depending on
the type of emergency. All GW community members are expected to follow directions according to the specified
protective action. The protective actions are Shelter, Evacuate, Secure, and Lockdown (details below). Learn more
at safety.gwu.edu/gw-standard-emergency-statuses.

- Shelter: Protection from a specific hazard. The hazard could be a tornado, earthquake, hazardous material spill,
or other environmental emergency. Specific safety guidance will be shared on a case-by-case basis.
- Action: Follow safety guidance for the hazard.

- Evacuate: Need to move people from one location to another. Students and staff should be prepared to follow
specific instructions given by first responders and University officials.
- Action: Evacuate to a designated location. Leave belongings behind. Follow additional instructions from first

responders.

- Secure: Threat or hazard outside of buildings or around campus. Increased security, secured building perimeter,
increased situational awareness, and restricted access to entry doors.
- Action: Go inside and stay inside. Activities inside may continue.

- Lockdown: Threat or hazard with the potential to impact individuals inside buildings. Room-based protocol that
requires locking interior doors, turning off lights, and staying out of sight of corridor windows.
- Action: Locks, lights, out of sight. Consider Run, Hide, Fight.
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Classroom emergency lockdown buttons. Some classrooms have been equipped with classroom emergency
lockdown buttons. If the button is pushed, GWorld Card access to the room will be disabled, and GW Dispatch will
be alerted. The door must be manually closed if it is not closed when the button is pushed. Anyone in the classroom
will be able to exit, but no one will be able to get in.

Course Schedule

August 25 — Course Introduction/Best Practices Review

TIDYVERSE IN R, WRITING CLEAN CODE
- R for Data Science, Chapters 1and 5

VISUALIZING DATA

- ROS Chapter 2

- R for Data Science, Chapter 3
- panelview

| September 1— NO CLASS (Labor Day)

| September 8 — Setting the Table: When Simple Regression Isn’t Enough

TRANSFORMING DATA
- ROS Chapter 12

INTERACTIONS

- ROS16.4

- SKIM: Hainmueller, Mummolo, and Xu (2019 PA). “How Much Should We Trust Estimates from Multiplicative
Interaction Models? Simple Tools to Improve Empirical Practice”

PRE/POST TREATMENT COVARIATES

- ROS19.6

- EGAP Covariate Adjustment

- Gelman Blog

POWER
- Arel-Bundock et al. (forthcoming, JOP). “Quantitative Political Science Research is Greatly Underpowered”

September 15 — Generalized Linear Models and MLE

- ROS Chapters 13-15

- Gomila (2020 JEP). “Logistic or Linear? Estimating Causal Effects of Experimental Treatments on Binary
Outcomes Using Regression Analysis”

- SKIM: McCabe's Introduction to MLE

September 22 — Multi-Level Modeling: Partial Pooling

Due Problem Set #1due before lecture (12:45pm Eastern)

- ROS 22.3-22.7
- DA Chapters 11-12

APPLICATIONS
Skim these, but with closer attention to the methodology.

- Park, Gelman, and Bafumi (2004 PA). “Bayesian multilevel estimation with poststratification: state-level
estimates from national polls”
- Lax and Phillips (2009 AJPS). “How should we estimate public opinion in the states?”

COMPUTATION
- Ime4
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September 29 — Multi-Level Modeling: Bayesian Deep-Dive

- BDA Chapters 1and 2 (OPTIONAL: Chapter 5... very technical)

APPLICATIONS
- Much (2025/Forthcoming PRQ). “Bayesian Multilevel Modeling for the Intersections of Race, Gender, and Class”

COMPUTATION
- cmdstanr
- brms

October 6 — Multi-Level Modeling: Advances and Complications

Due Problem Set #2 due before lecture (12:45pm Eastern)

VARYING SLOPES AND INTERCEPTS

- DA Chapter 13 (OPTIONAL: BDA Chapter 15)

- Ghitza and Gelman (2013 AJPS). “Deep Interactions with MRP: Election Turnout and Voting Patterns among
Small Electoral Subgroups”

- OPTIONAL: Gelman et al. (2007 QJPS). “Rich State, Poor State, Red State, Blue State: What's the Matter with
Connecticut?”

MACHINE LEARNING REGULARIZATION METHODS
- Broniecki, Leemann, and Wiest (2022 JOP). “Improved multilevel regression with poststratification through

machine learning (autoMrP)”
- Goplerud (2023 APSR). “Re-evaluating machine learning for MRP given the comparable performance of (deep)
hierarchical models”

October 13 — Multi-Level Modeling: Issues and Diagnostics

- DA Chapter 24 (OPTIONAL: BDA Chapters 6 and 7.. very technical)

- MCMC Diagnostics using bayesplot

- Gelman (2006 Technometrics). “Multilevel (hierarchical) modeling: What it can and cannot do”

FIXED VS RANDOM EFFECTS

- McNeish (2023 PsychMeth). “A Practical Guide to Selecting and Blending Approaches for Clustered Data:
Clustered Errors, Multilevel Models, and Fixed Effect Models”

- Clark and Linzer (2015 PSRM). “Should | Use Fixed or Random Effects?”

October 20 — Introduction to Panel Data

- Mixtape Chapter 8

- Imai and Kim (2019 AJPS). “When should we use unit fixed effects regression models for causal inference with
longitudinal data?”

- Hollenbach and Egerod (2024). “How many is enough? Sample Size in Staggered Difference-in-Differences
Designs”

October 27 — Difference in Differences and TWFE

Due Problem Set #3 due before lecture (12:45pm Eastern)

- Mixtape Chapter 9.1-9.5

- Baker et al. (2025 JEL). “Difference-in-Differences Designs: A Practitioner's Guide” — READ ONLY pages 1-30

- Chiu et al. (Forthcoming APSR). “Causal Panel Analysis under Parallel Trends: Lessons from a Large Reanalysis
Study”

COMPUTATION
- fect

- fixest
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November 3 — Advanced DiD

Due Project Description due before class — schedule a meeting to discuss

- Mixtape Chapter 9.5-9.7

- Baker et al. (2025 JEL). "Difference-in-Differences Designs: A Practitioner’'s Guide” — pages 30-56

- Roth et al. (2023 JoE). “What's trending in difference-in-differences? A synthesis of the recent econometrics
literature”

November 10 — Synthetic Control + Counterfactuals

Due Problem Set #4 due before lecture (12:45pm Eastern)

- Mixtape Chapter 10
- SKIM: Abadie, Diamond, and Hainmueller (2010 JASA). “Synthetic control methods for comparative case
studies: Estimating the effect of California’s tobacco control program”
- Xu (2017 PA). “Generalized Synthetic Control Method: Causal Inference with Interactive Fixed Effects Models”
- Liu, Wang, and Xu (2024 AJPS). “A practical guide to counterfactual estimators for causal inference with time-
series cross-sectional data”

November 17 — Dynamic Panels + Continuous Treatments

- Beck and Katz (2011 ARPS). "Modeling Dynamics in Time-Series-Cross-Section Political Economy Data”

- De Boefand Keele (2008 AJPS). “Taking Time Seriously”

- SKIM: Callaway, Goodman-Bacon, and Sant’Anna (2024 NBER). “Difference-in-differences with a continuous
treatment”

- SKIM: Haultfeeuille, Hoderlein, and Sasaki (2023 JoE). “Non-parametric difference-in-differences in repeated
cross-sections with continuous treatments”

| November 24 — NO CLASS (Thanksgiving Break)

| December 1— Inference

Due Problem Set #5 due before lecture (12:45pm Eastern)

- Gelman (2023 JoE). “What is a standard error?”

- Abadie et al. (2022 QJE). “When Should You Adjust Standard Errors for Clustering?”

- SKIM: Hazlett and Wainstein (2021 PA). “Understanding, Choosing, and Unifying Multilevel and Fixed Effect
Approaches”

December 8 — Research Paper Presentations

Due Final paper (with replication archive) due December 18 by 11:59pm Eastern
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