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Overview and Course Objectives

The Regression III course takes a considerably different form than the first two re-
gression courses at the Summer Program. This course will hopefully prepare you for the
things you will encounter as you (attempt to) publish quantitative work with linear mod-
els. Initial linear model classes focus on the assumptions and theoretical considerations
of linear models and generally walk you through estimation and interpretation. Good
courses also deal with diagnostics, though these often get less time than they should.
Further, it is not always obvious what violations of these assumptions will lead to in
practical terms. This course will provide you with a systematic approach to assessing,
fixing and presenting your linear model results. Though we focus almost exclusively on
the linear model (we will allude to nonlinear models occasionally), the logic we follow
will be helpful in dealing with nonlinear models as well.

This is a class that deals exclusively with observational data - those not collected in
experimentally controlled environments. As such, we will spend little time on ANOVA
and no time at all talking about concerns that are specific to the analysis of experimental
data.

Requirements

This course is a practical, data-analytic extension of what you learned in your depart-
ment’s linear models class or the Regression II class at the ICPSR Summer Program. As
such, I assume you are familiar with the types of things taught in these courses - Gauss-
Markov assumptions, properties of OLS estimators, and statistical inference for linear



model coefficients. While I assume this knowledge exists, I will spend time reviewing
these results briefly in class. If you are not sure where you belong in the series of linear
models courses at the Summer Program, please see me or the Summer Program director
and we will make sure you end up the most appropriate class.

Participants being formally assessed in this course (i.e., those taking the course for
University of Michigan credit or those wishing to receive a letter indicating successful
completion of the course) will be required to attend all lectures and complete all home-
work assignments. Further, these individuals should notify me if they are being formally
assessed, especially those taking the class for UM credit.

For reasons that will likely become apparent rather quickly, computation will be done
exclusively in the R statistical computing environment. This is not optional and implies
two things:

e We will spend time going over R-code to generate the results we talk about in
class. The class will be theoretically driven, but will have a considerable amount of
associated computer work. If you are looking for a purely theoretical class, this is
very likely not the one for you.

e [t is essential for you to know or be learning the R language. Many of the results we
generate in class are either impossible or (more likely) considerably more difficult
to generate in many other general purpose statistical software packages (e.g., Stata
and SPSS). This year, the Summer Program has split it’s education in R into two
separate courses. There is an introductory course for those with little to no back-
ground in R that will be taught by me from the 23rd to the 30th of June. For those
already familiar with R, John Fox is teaching a workshop called ”Programming in
R.,” which will be held from the 23rd of June to the 3rd of July. John is probably
one of the smartest R people you will ever meet. Even if you know R already, I am
sure that you would learn many new and useful tools for programming in R and |
would encourage you in the strongest possible way to take his course.

Obviously, those not being formally assessed in the course can attend without making
a commitment to learn R. I have no problem with this, but please be aware that this will
have a considerable (negative) impact on your ability to employ some of these techniques
when you go back to your home institution. We will have lab classes that will allow you
to get some hands-on practice with the results we generate in class.

If you’re one of those “glutton-for-punishment” types, you may also find it useful to
learn BTEX. KETEXis a system for typesetting documents. People find it most useful for
typesetting documents that are heavy on mathematical notation, but this is just the tip
of the iceberg. BTEXhas its own bibliographic software (BibTeX) and will automatically
build (and re-build) tables of contents, lists of figures and lists of tables. It also automat-
ically numbers (and re-numbers when necessary) tables, figures and equations, changing



appropriately formed references to those objects when table, figure or equation numbers
change. Best of all, the most KTEXtypesetting engines (I use MikTeX) are free as are a
number of powerful text editors that serve as front-ends to this software. Everything I
present in class is written in KTEX; specifically, the slides are all made with a package
called “Beamer”. Further, there are those who see I¥TEXas a sort of secret handshake for
nerds. So, if you want to be one of the “cool” kids, then you should definitely give it a
shot.

Course Text(s)

No one text effectively presents all of the material that will be covered in this course.
That said, much of the material is covered in:

e Fox, John. (2008) Applied Regression Analysis and Generalized Linear Model 2nd
ed. Thousand Oaks, CA: Sage Publications, Inc

e Fox, John. (2002) An R and S-PLUS Companion to Applied Regression. Thousand
Oaks, CA: Sage Publications, Inc.

The R and S-PLUS Companion is a great book for those currently learning R. This is
widely recognized as one of the best ways for Social Scientists to get into R. The Applied
Regression book is a great general purpose regression book. Much of what we talk about
will be covered in other regression books. If you’ve got a particular favorite, then it might
be worth supplementing your reading from your chosen regression book with pieces from
the Fox book that are not covered by your favorite. Some books that I think are pretty
good (depending on your orientation toward visualization, etc...) are:

e Gujarati, Damodar N. (2002) Basic Econometrics. 4th ed. New York: McGraw
Hill /Trwin.

e Wooldridge, Jeffrey M. (2005) Introductory Econometrics. 3rd ed. Mason, OH:
Southwestern.

e Cook, R. Dennis and Sanford Weisberg. (1999) Applied Regression Including Com-
puting and Graphics. New York: John Wiley & Sons, Inc.

We will also use a number of other books and articles to deal with more specialized
issues. These are listed below (along with the appropriate chapters/pages) for the classes
in which we use them.

Software

One of R’s main virtues from the grad-student point of view is that the base package
and all of the add-ons (called libraries in R) are free. You can download the basepackage of
R from the Comprehensive R Archive Network (CRAN) http://www.cran.r-project.org.



As of this writing, the most recent version is 2.9.0. R is updated a couple of times per
year so you'll have to look back here periodically for updates. We will be using a number
of add-on libraries, including:

boot Bootstrapping techniques associated with Davison and Hinkley (1997).
car Regression diagnostics and other procedures associated with Fox (2002).

effects Creates effect displays for GLMs according to Fox (2003) and Fox and Andersen
(2006).

foreign Imports data from SPSS, Stata and Sas

gam Functions for generalized additive models written by Trevor Hastie in the spirit of
Hastie and Tibshirani (1990)

leaps Methods for subset selection following Miller (2002)
MASS Functions supporting Venables and Ripley (2002)
mgcv Methods for generalized additive models following Wood (2006).

nlme and lme4 Methods for linear and non-linear mixed effects models following Pin-
heiro and Bates (2000)

qvcalc package to calculate and present quasi-variances following Firth (2003) and Firth
and Menzes (2004)

Rcmdr John Fox’s GUI front end for R.

relimp Package written by David Firth to implement procedures in Silber, Rosenbaum
and Ross (1995).

robustbase Package to implement robust regression, as in Yohai (1987).
rpanel User-friendly front-end to TCL/TK widgets.

RWinEdt Package that creates links between R and WinEdt.
scatterplot3d Tools for creating 3-dimensional scatterplots.

splines Package for creating smoothing splines.

Many of the above packages are included with the base distribution of R. However, some
must be downloaded separately from CRAN. The easiest way to do this is first install the
base package and then use the menus within R to automatically download and install
required packages:

Packages — Install package(s) from CRAN



Related Software

A good text editor is invaluable when using R and ETEX. I use WinEDT for both
of these tasks. This comes free for 30 days and then with increasing frequency provides
quite annoying reminders to buy the software. In fact, if you let it go long enough, every
time you hit a key, the message will pop up. For students, the license is 30and40 for
educational purchasers. This can be downloaded from http://www.winedt.com.

Emacs is another useful editor that can be used for both XTEXand R. You can get
information on how to install the R implementation of this (Emacs Speaks Statistics),
from http://ess.r-project.org/. If you follow the directions, you should be able to
get this up and running in relatively little time. There are other editors and you're
certainly welcomed to use any other one you want, but these are the ones I know.

Course Schedule

Each entry represents a single class meeting. Readings are designated either as sug-
gested (*) or supplemental (-). For most of you, this is not the only class you are taking
and as the weeks fly by, your time will undoubtedly be too limited to read everything
indicated in the syllabus. However, this should serve as a nice reference to which you can
return if the intricacies of a particular topic have faded from your memory.

1. Preliminary Material (Tuesday, June 23)

e Introduction and Goals for the course
e Getting started with R.

Readings:

*Fox (2008) Chapters 1&2

*Fox (2002) Chapters 1&2

-Venables and Ripley (2002) Chaters 1-3

2. OLS 1: The Basics of Least Squares Regression (Wednesday, June 24)

e Least-squares fit
e Properties of the least-squares estimator
e Statistical inference

e Regression in matrix form

Readings:

*Clarke (2005)

*Gill (1999)

*Fox (2008) Chapters 5, 6 & 9

*Fox (2002) Chapter 4

-Abbott (1998, 1988), Achen (1990), Lewis-Beck and Skalaban (1990)



3. Graphics (Thursday, June 25)

e Traditional and Lattice Graphics in R.
e Types of R graphs
e Graphical elements

e Building R graphs

Readings:

*Fox (2002) Chapter 7

*Jacoby (1997, 1998, 2006)

*Kastellec and Leoni (2007)

*Murrell (2006) Chapters 1-4

-Sarkar (2008), Venables and Ripley (2002) Chapter 4

4. OLS II: Effective Presentation (Friday, June 26)
e Factors and contrsts; quasi-variances and graphical displays for dummy regres-
sors
e Fitted values, interactions and effect displays
e Standardization and relative importance
Readings:
*Brambor, Clark and Golder (2006)
*Braumoeller (2004)
*Firth (2003)

*Silber, Rosenbaum and Ross (1995)
*Firth and Menzes (2004), Kam and Franzese (2007)

5. Diagnostics I: Linearity (Monday, June 29)

e Diagnosing linearity through residual plots
e Fixing non-linearity with data transformations

e Linearity and ordinal variables

Readings:

*Fox (2008) Chapters 4 & 12 (sec 12.3-12.5)

*Fox (2002) Chapter 3

*Jacoby (1999)

-Cook and Weisberg (1999) Chapter 16, Box and Tidwell (1962)



6. Non-Linearity, Smoothing and Splines (Tuesday, June 30)

e Nonparametric Smoothing - Lowess
e Inference for regression smoothers
e Regression Splines

Readings:

*Fox (2008) Chapters 17 & 18

*Keele (2008)
_Fox (2000b,q)

7. Generalized Additive Models (Wednesday, July 1)

e Estimation and Backfitting
e Degrees of freedom
e Cross-validation for smoothing parameters
e Diagnostics
Readings:
*Fox (2000a)

*Keele (2008) Chapters 4-6
-Hastie and Tibshirani (1990), Wood (2006)

8. Lab I: (Thursday, July 2)

e Non-linearity transformations
e Smoothers and splines

e Generalized additive models
9. Diagnostics II: Outliers and Influential Data (Friday, July 3)

e Outliers, leverage and influential data

e Hat values, standardized residuals, Cook’s D

Readings: *Fox (2008) Chapter 11

*Fox (2002) Chapter 6

*Cook and Weisberg (1999) Chapter 15
-Jasso (1985, 1996), Kahn and Udry (1986)



10. Fixing Outliers and Influential Data: Robust Regression (Monday, July 6)

e Breakdown point, influence function and various types of robust regression
e M-estimation (and extension) and interative reweighted least squares
e Diagnostics for outliers revisited
e Robust GLMs
Readings:
*Andersen (2008)

*Fox (2008) Chapter 19
-Cantoni and Ronchetti (2001), Rousseeuw and Leroy (1987)

11. Diagnostics I1I: Non-constant error variance and collinearity (Tuesday, July 7)

e Residual plots

e ML transformations of Y

e Weighted least squares

e Heteroskedastic linear regression

e Robust standard errors
Readings: *Fox (2008) Chapters 12 & 13
*Fox (2002) Chapters 3 & 6
*Harvey (1976)

*Long and Ervin (2000)
-Cook and Weisberg (1999) Chapter 14

12. Model Selection (Wednesday, July 8)

e Theoretical issues in model searching and post-data model construction
e Model selection criteria and multi-model inference.

e Subset selection models

Readings:

*Burnham and Anderson (2004)

*Fox (2008) Chapter 22

*Leamer (1974, 1983), Leamer and Leonard (1983)
*Mallows (1974)

*Miller (1984)



13. Bootstrapping and other Resampling Schemes for Regression (Thursday, July 9)

e Bootstrapping and Jack-knifing

e Corss-validation

Readings:

*Fox (2008) Chapter 21
-Davison and Hinkley (1997)
-Efron and Tibshirani (1993)

14. Lab II (Friday, July 10)

e Qutliers and Robust Regression
e Heteroskedasticity
e Model Selection

e Resampling
15. Handling Dependent Data (Monday, July 13)

e Mixed-effects models for clustered and longitudinal data

e Robust standard errors revisited

Readings:

*Snijders and Bosker (1999)Chapters 1-5
*Steenbergen and Jones (2002)

-Raudenbush and Bryk (2002)Chapters 1,2 & 4
-Pinheiro and Bates (2000)

16. Multilevel Change Models [Matthew Painter| (Tuesday, July 14)

Readings:

*Bliese and Ployhart (2002)

*Raudenbush and Bryk (2002) Chapter 6

*Singer and Willett (2003) Part 1 (especially Chapters 1-5)

-Barnes et al. (2006), Downey, vonHipple and Beckett (2004), Curran (2003), Kim
and Sakamoto (2008)



17. Fixed- and Random-effects Models for TSCS Data (Wednesday, July 15)

e Fixed Effects assumptions

e Random effects assumptions

e Choosing between fixed- and random-effects
Readings:

*Wooldridge (2002) Chapters 10&11
“Hsiao (1986)

18. Finite Mixture Models for Unobserved Heterogeneity (Thursday, July 16)

e Estimating finite mixtures
e Dealing with problems of label switching
e Diagnosing and interpreting models
Readings:
*Griin and Leisch (20060)

*Griin and Leisch (2006a)
*Leisch (2004)

19. Lab IIT (Friday, July 18)

e Models for Dependent data
e Models for TSCS data
e Mixture Models

10
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