
Essex Summer School

10-21 August

Applied Multilevel Model Analysis

Instructor:
Xun Cao

Office: 5.025
Tel: ext. 2506

E-mail: caox@essex.ac.uk

Room: 5A.330 | Lab: Lab A.

Prepared on August 6, 2009



Applied Multilevel Analysis August 6, 2009

Description

A great deal of data analyzed by social scientists are organized according to some sort of clustered or
hierarchical structure, for example, in educational testing, students are nested within classes, classes
within schools, schools within districts, etc. This course will focus on methodology for the analysis of
data with such hierarchical structures. The goal of this course is to provide students with theoretical
knowledge and empirical tools to use multilevel/hierarchical modeling in their discipline. This is partly
done by understanding statistical theory behind multilevel/hierarchical model set up and estimation.
Nonetheless, the main emphasis of the class will be on social science applications as the title of the
class indicates — Applied Multilevel Analysis.

Prerequisites

It is recommended that the students are familiar with regression analysis and computing packages
such as R. But it is not a requirement as the first two or three days of the class will have lots of
“warming-up” exercises.

Class Materials

• Texts:
– Gelman and Hill, “Data Analysis Using Regression and Multilevel/Hierarchical Models.”
– An introduction to R: http://cran.r-project.org/doc/manuals/R-intro.pdf.
– Bosker and Snijders, “Multilevel Analysis: An Introduction to Basic and Advanced Mul-

tilevel Modeling.” (optional)
– Hoff, “A First Course in Bayesian Statistical Methods.” (optional)

• Lecture notes: to be handed out in class.
• Data and R and Bugs codes: to be posted in class page.
• Class web page: http://privatewww.essex.ac.uk/~caox/teaching/teaching.htm.

Class Schedule

• Day 1: Just warming up:
– Introduction to multilevel/hierarchical data;
– Intuitive idea of complete pooling, no pooling and partial pooling: high school math score

example from the National Educational Longitudinal Study of Education (NELS) and
Republican votes from the 2004 presidential election exit pool data;

– Warming up with R: basic data manipulation, e.g., reading and writing data, descriptive
statistics, and reshaping data.

• Day 2: Basics of single-level regression:
– Linear regression;
– Logistic regression;
– Generalized linear models: Poisson and ordered logit/probit;
– Applications in R.

• Day 3: Simulation and causal inference:
– Simulation for probability models;
– Simulation to summarize regressions;
– Simulation model checking and predictions;
– Causal inference as counterfactuals
– Causal inference in randomized experiments;

1



Applied Multilevel Analysis August 6, 2009

– Causal inference in observational studies: matching.

• Day 4: Basics of multilevel models:
– Multilevel structures;
– Non-nested structures
– Complete, no, and partial pooling
– Different ways to write and understand multilevel models;
– How to quickly fit a multilevel model in R using lmer(): varying intercept with and

without group-level predictor.

• Day 5: Multilevel linear models with some complexities:
– Varying intercept and slope models;
– Varying intercept and slope models with group-level predictor;
– Varying slope with constant intercept;
– Non-nested models.

• Day 6: Multilevel logistic regression:
– Example 1: state-level opinions from national pools;
– Example 2: income and Republican support;
– Some reading of Bugs code.

• Day 7: Multilevel generalized linear models:
– Example 1: Multilevel overdispersed Poisson regression;
– Example 2: Multilevel ordered categorical regression;
– Keep reading Bugs code.

• Day 8: Basics of multilevel modeling in Bugs and R:
– Some basics of Bayesian inference: a simple example of infection rate in community;
– Bayesian inference for multilevel model: A Gibbs sampler example of IQ scores in the

Netherlands;
– Fitting multilevel models through Bugs as called from R.

• Day 9: Multilevel modeling in Bugs and R for linear and generalized linear models:
– Before and After running Bugs in R;
– Non-nested models.

• Day 10: Multilevel modeling in Bugs and R for generalized linear models
– Fitting multilevel logistic, Poisson, and ordered categorical regressions in Bugs;
– Review of the class.

2


