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Preface

My motivation for writing the first edition of Introductory Econometrics: A Modern Ap-
proach was that I saw a fairly wide gap between how econometrics is taught to under-
graduates and how empirical researchers think about and apply econometric methods.
Just as important, I was convinced that teaching introductory econometrics from the
perspective of professional users of econometrics would actually simplify the presenta-
tion, in addition to making the subject much more interesting.

Based on the numerous positive reactions to the first edition, it appears my philos-
ophy about teaching introductory econometrics is shared by many others. It is gratify-
ing that instructors with a variety of backgrounds and interests—including applied
microeconomics, applied macroeconomics, policy analysis, political science, and theo-
retical econometrics—teaching students with very different levels of preparation, have
embraced the modern approach to econometrics espoused in this text. Consequently,
the structure of the second edition is very much like the first. The emphasis is still on
applying econometrics to real-world problems. Each econometric method is motivated
by a particular issue facing researchers analyzing nonexperimental data. The emphasis
in the main text is on understanding and interpreting the assumptions in light of actual
empirical applications: the mathematics required is no more than college algebra and
basic probability and statistics.

ORGANIZED FOR TODAY'S ECONOMETRICIAN

The second edition preserves the organization of the first edition. The most noticeable
feature that distinguishes this text from others is the separation of topics by the kind of
data being analyzed. This is a clear departure from the traditional approach, which pre-
sents a linear model, lists all assumptions that may be needed at some future point in
the analysis, and then proves or asserts results without clearly connecting them to the
assumptions. My approach is to first treat, in Part One, multiple regression analysis with
cross-sectional data, under the assumption of random sampling. This setting is com-
pletely natural to students because they are familiar with it from their introductory sta-
tistics courses. Importantly, it allows us to distinguish between assumptions made about
the underlying population regression model—assumptions that can be given economic
or general behavioral content—from assumptions about how the data were sampled.
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Preface vii

variable problem by instrumental variables methods. I appear to have made sound
choices, as I can recall very few suggestions for adding or deleting material, especially
in the basic regression chapters in Parts One and Two. A topic that I did expand on is
least absolute deviations estimation (LAD) in Chapter 9. LAD is becoming more and
more popular in empirical work, especially when the conditional distribution of the de-
pendent variable is asymmetric or has fat tails. Students reading empirical research in
labor economics, public economics, and other fields are more and more likely to run
across models estimated by LAD.

In rewriting segments of the text, I have tried to further improve on the systematic
approach of the first edition. By systematic, I mean that each topic is presented by
building on the previous material in a logical fashion, and assumptions are introduced
only as they are needed to obtain a conclusion. For example, applied researchers, as
well as theorists, know that not all of the Gauss-Markov assumptions are needed to
show that the ordinary least squares (OLS) estimators are unbiased. Yet, almost all
econometrics texts introduce the full set of assumptions (many of which are redundant
or, in some cases, even logically conflicting) before proving unbiasedness of OLS. Sim-
ilarly, the normality assumption is included among the assumptions that are needed for
the Gauss-Markov Theorem, when it is fairly well known that normality plays no role
in showing that the OLS estimators are the best linear unbiased estimators.

My systematic approach carries over to studying large sample properties, where as-
sumptions for consistency are introduced only as needed. This makes it relatively easy
to cover more advanced topics, such as using pooled cross sections, exploiting panel
data structures, and applying instrumental variables methods. I have worked to provide
a unified view of econometrics, by which I mean that all estimators and test statistics
are obtained using just a few, intuitively reasonable principles of estimation and testing
(which, of course, also have rigorous justification). For example, regression-based tests
for heteroskedasticity and serial correlation are easy for students to grasp because they
already have a solid understanding of regression. This is in contrast to treatments that
give a set of disjointed recipes for outdated econometric procedures.

Throughout the text, I emphasize ceteris paribus relationships, which is why, after
one chapter on the simple regression model, I move to multiple regression analysis.
This motivates students to think about serious applications early. I also give much more
prominence to policy analysis with all kinds of data structures. Practical topics, such as
using proxy variables to obtain ceteris paribus effects and obtaining standard errors for
partial effects in models with interaction terms, are covered in a simple fashion.

NEW TO THIS EDITION

In Chapter 3, I have added a complete discussion of omitted variable bias in the multi-
ple regression model; it turns out not to be especially difficult to characterize the bias
in the general case. The appendix to Chapter 3 contains a derivation of the bias that re-
quires only basic algebra and statistics.

Chapter 6 contains a more detailed discussion of models with interaction terms. I
find that students can have difficulty interpreting the parameters of such models, so I
have tried to provide better explanations. Chapters 7 and 13 go into more detail about




vi Preface

Discussions about the consequences of nonrandom sampling can be treated in an intu-
itive fashion after the students have a good grasp of the multiple regression model as
applied to random samples. '

An important feature of a modern approach is that the explanatory variables—along
with the dependent variable—are treated as outcomes of random variables. For the so-
cial sciences, allowing random explanatory variables is much more realistic than the
traditional assumption of nonrandom explanatory variables. As a nontrivial benefit, the
population model/random sampling approach that I take greatly reduces the number of
assumptions that students must absorb and understand. Ironically, the classical ap-
proach to regression analysis, which treats the explanatory variables as fixed in repeated
samples and is pervasive in introductory texts, literally applies to data collected in an
experimental setting. In addition, the contortions required to state and explain assump-
tions can be confusing to students.

My focus on the population model emphasizes that the fundamental assumptions
underlying regression analysis, such as the zero mean assumption on the unobservables,
are properly stated conditional on the explanatory variables. This leads to a clear un-
derstanding of the kinds of problems, such as heteroskedasticity (nonconstant variance),
that can invalidate standard inference procedures. Plus, I am able to dispel several mis-
conceptions that arise in econometrics texts at all levels. As just a few examples, [ am
able to explain why the usual R-squared is still valid as a goodness-of-fit measure in the
presence of heteroskedasticity (and, later on, in the presence of serially correlated er-
rors in time series equations); I am able to discuss, at a very intuitive level, why tests
for functional form should not be viewed as general tests of omitted, unobserved vari-
ables; and I can easily explain why one should always include in a regression model ex-
tra control variables that are uncorrelated with the explanatory variable of interest (such
as a policy variable).

Because the assumptions for cross-sectional analysis are relatively straightforward
and realistic, students can get involved early with serious cross-sectional applications
without having to worry about the thorny issues of trends, seasonality, serial correla-
tion, high persistence, and spurious regression that are ubiquitous in time series re-
gression models. Initially, I figured that my treatment of regression with
cross-sectional data followed by regression with time series data would find favor with
instructors whose own research interests are in applied microeconomics, and that ap-
pears to be the case. It has been gratifying that adopters of the text with an applied time
series bent have been equally enthusiastic about the structure of the text. By postpon-
ing the econometric analysis of time series data, I am able to put proper focus on the
potential pitfalls in analyzing time series data that do not arise with cross-sectional
data. In effect, time series econometrics finally gets the serious treatment it deserves
in an introductory text.

As in the first edition, I have consciously chosen topics that are important for read-
ing journal articles and for conducting basic empirical research. Within each topic, I
have deliberately omitted many tests and estimation procedures that, while traditionally
included in textbooks, have not withstood the empirical test of time. Likewise, I have
emphasized more recent topics that have clearly demonstrated their usefulness, such as
obtaining test statistics that are robust to heteroskedasticity (or serial correlation) of un-
known form, using multiple years of data for policy analysis, or solving the omitted
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The structure of the text makes it ideal for a course with a cross-sectional/policy
analysis focus: the time series chapters can be skipped in lieu of topics from Chapters
9, 13, 14, or 15. Chapter 13 is “advanced” only in the sense that it treats two new data
structures: independently pooled cross sections and two-period panel data analysis.
Such data structures are especially useful for policy analysis, and the chapter provides
several examples. Students with a good grasp of Chapters 1 through 8 will have little
difficulty with Chapter 13. Chapter 14 covers more advanced panel data methods and
would probably be covered only in a second course. A good way to end a course on
cross-sectional methods is to cover the rudiments of instrumental variables estimation
in Chapter 15.

I have used selected material in Part Three, including Chapters 13, 15, and 17, in a
senior seminar geared at producing a serious research paper. Along with the basic one-
semester course, students who have been exposed to basic panel data analysis, instru-
mental variables estimation, and limited dependent variable models are in a position to
read large chunks of the applied social sciences literature. Chapter 17 provides an in-
troduction to the most common limited dependent variable models.

The text is also well suited for an introductory master’s level course, where the em-
phasis is on applications rather than derivations using matrix algebra. Still, for instruc-
tors wanting to present the material in matrix form, Appendices D and E are
self-contained treatments of the matrix algebra and the multiple regression model in
matrix form. For the second edition, Appendix E has been expanded somewhat so that
asymptotic analysis can be covered in more depth for advanced students.

At Michigan State, Ph.D. students in many fields that require data analysis—in-
cluding accounting, agricultural economics, development economics, finance, interna-
tional economics, labor economics, macroeconomics, political science, and public
finance—have found the text to be a useful bridge between the empirical work that they
read and the more theoretical econometrics they learn at the Ph.D. level.

DESIGN FEATURES

Instructors and students seem to appreciate the in-text questions, with answers supplied
in Appendix F. These questions are intended to provide students with immediate feed-
back. Each chapter contains many numbered examples. Several of these are case stud-
ies drawn from recently published papers, but where I have used my judgment to
simplify the analysis, hopefully without sacrificing the main point.

The end-of-chapter problems and computer exercises are heavily oriented toward
empirical work, rather than complicated derivations. The students are asked to carefully
reason based on what they have learned. The computer exercises often expand on the
in-text examples. Several exercises use data sets from published works or similar data
sets that are motivated by published research in economics and other fields.

A unique feature of this text is the extensive glossary. The short definitions and de-
scriptions will be a helpful refresher for students studying for exams or reading empir-
ical research that uses econometric methods. I have added and updated several entries
for the second edition.
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computing Chow tests for regression models across groups of different cross-sectional
units as well as across different time periods. In Chapters 8 and 12, I provide an explicit,
simple argument about why the usual R-squared is still valid as a goodness-of-fit mea-
sure when the model suffers from either heteroskedasticity or serial correlation. Chap-
ter 9 now includes a simple discussion of basic stratified sampling, a topic that has
come up in a second-semester course that I teach.

Chapter 17 has been given the most extensive reworking. This chapter contains dif-
ficult material, and it was too terse in the first edition. I have expanded the discussion
of how to interpret nonlinear limited dependent variable models, including how they
can be compared with standard linear model estimates. New graphs are used to illus-
trate the comparisons.

The text comes with about 90 data sets, several of which are new to the second edi-
tion. Among the new data sets are those that allow one to compare estimates of the re-
turns to attending two-year and four-year colleges; to test whether 401(k) pension
savings simply crowd out other forms of saving or represent new saving; to test whether
fast-food restaurants practice price discrimination against minorities; to test whether
marriage affects the productivity or earnings of professional basketball players; to study
the effect of more choice on pension investments; to estimate the effects of school
spending on student performance; to test whether seat belt and speed limit laws affect
accident and fatality rates; and to estimate demand functions for ecologically-friendly
apples and fish. Accordingly, the end-of-chapter computer exercises have been greatly
expanded to exploit the new data sets. Some of the data sets are not used in the text. In-
stead, they can be used in problem sets, to generate exam problems, or to assign a com-
mon topic for a term paper.

TARGETED AT UNDERGRADUATES, ADAPTABLE
FOR MASTER'S STUDENTS

The text is designed for undergraduate economics majors who have taken college alge-
bra and one semester of introductory probability and statistics. (Appendices A, B, and
C contain the requisite background material.) A one-semester or one-quarter econo-
metrics course would not be expected to cover all, or even any, of the more advanced
material in Part Three. A typical introductory course would include Chapters 1 through
8, which cover the basics of simple and multiple regression for cross-sectional data.
Provided the emphasis is on intuition and interpreting the empirical examples, the ma-
terial from the first eight chapters should be accessible to undergraduates in most eco-
nomics departments. Most instructors will also want to cover at least parts of the
chapters on regression analysis with time series data, Chapters 10, 11, and 12, with
varying degrees of depth. In the one-semester course that I teach at Michigan State, I
cover Chapter 10 fairly carefully, give an overview of the material in Chapter 11, and
cover the material on serial correlation in Chapter 12. I find that this basic one-semester
course puts students on solid footing to write empirical papers, such as a term paper or
a senior seminar paper. Chapter 9 contains more specialized topics that arise in analyz-
ing cross-sectional data, including data problems such as outliers and nonrandom sam-
pling; for a one-semester course, it can be skipped without loss of continuity.
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the importance of simultaneous equations. Some think this material is fundamental;
others think it is rarely applicable. My own view is that simultaneous equations models
are overused (see Chapter 16 for a discussion). If one reads applications carefully, omit-
ted variables and measurement error are much more likely to be the reason one adopts
instrumental variables estimation, and this is why I use omitted variables to motivate in-
strumental variables estimation in Chapter 15. Still, simultaneous equations models are
indispensable for estimating demand and supply functions, and they apply in some
other important cases as well.

Chapter 17 is the only chapter that considers models inherently nonlinear in their pa-
rameters, and this puts an extra burden on the student. The first material one would cover
in this chapter is on probit and logit models for binary response. My presentation of To-
bit models and censored regression still appears to be novel: I explicitly recognize that the
Tobit model is applied to corner solution outcomes on random samples, while censored
regression is applied when the data collection process censors the dependent variable.

Chapter 18 covers some recent important topics from time series econometrics,
including testing for unit roots and cointegration. I cover this material only in a second-
semester course at either the undergraduate or master’s level. A fairly detailed intro-
duction to forecasting is also included in Chapter 18.

Chapter 19, which would be added to the syllabus for a course that requires a term
paper, is much more extensive than similar chapters in other texts. It summarizes some
of the methods appropriate for various kinds of problems and data structures, points out
potential pitfalls, explains in some detail how to write a term paper in empirical eco-
nomics, and includes suggestions for possible projects.

ACKNOWLEDGEMENTS

I would like to thank those who reviewed either the first or second edition, provided ex-
tensive comments, or influenced the text in other ways. They include:

Richard Agnello Edward Coulson
University of Delaware Pennsylvania State University
Scott Baier William Even

Clemson University Miami University of Ohio
Eli Berman Adrian Fleissig

Boston University St. Louis University
James Cardon Arthur Goldberger
Brigham Young University University of Wisconsin
Rogério César de Souza Daniel Hamermesh
Universidade Paulista University of Texas
Amitabh Chandra Bruce Hansen
Dartmouth University University of Wisconsin
Christopher Cornwell KyungSo Im

University of Georgia Wichita State University



% Preface

STUDENT SUPPLEMENTS

The Student Study Guide With Solutions (ISBN 0-324-14994-8) contains suggestions
on how to read each chapter as well as answers to selected problems and computer ex-
ercises.

INSTRUCTOR SUPPLEMENTS

The Instructor’s Manual With Solutions (ISBN 0-324-14997-2) contains answers to all
exercises, as well as teaching tips on how to present the material in each chapter. The
instructor’s manual also contains sources for each of the data files, with many sugges-
tions for how to use them on problem sets, exams, and term papers.

Upon the instructor’s request, EViews Student Version can be bundled with the text
for an additional $18.00 per book. With EViews, students can do homework anywhere
they have access to a PC, so they won’t have to depend on using a campus computer
lab. For more information on this special offer, contact your South-Western/Thomson
Learning representative, or call the Academic Resource Center at 1-800-423-0563.

DATA SETS—NOW AVAILABLE IN FIVE FORMATS

Over 80 data sets are available in ASCII, EViews, Excel, Stata, and Minitab. Most of
the data sets come from actual research so some are very large. Except for partially
listing data sets to illustrate the various data structures, the data sets are not reported
in the text. This book is geared toward a course where computer work plays an im-
portant role. The data sets can be found at http://wooldridge.swcollege.com. For in-
structors adopting the text, an extensive data description manual is available on-line.
This manual contains a list of data sources along with suggestions for ways to use the
data sets that are not described in the text. A Web Access Card has been packaged with
every new book, which will allow access to all of these data sets and the data descrip-
tion manual.

SUGGESTIONS FOR DESIGNING YOUR COURSE

I have already commented on the contents of most of the chapters as well as possible
outlines for courses. Here, I will provide some more specific comments about material
within chapters that might be covered or skipped.

Chapter 9 has some interesting examples (such as a wage regression that includes
IQ score as an explanatory variable). The rubric of proxy variables does not have to be
formally introduced to present these kinds of examples, and I typically do so when fin-
ishing up cross-sectional analysis. In Chapter 12, for a one-semester course, I skip the
material on serial-correlation robust inference for ordinary least squares as well as dy-
namic models of heteroskedasticity.

Even in a second course, I tend to spend only a little time on Chapter 16, which cov-
ers simultaneous equations analysis. If there is one issue that people differ about, it is
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I took many of their comments on the first edition to heart, even though I might not
have changed the material to one particular reviewer’s liking. In some cases, reviewer
and user opinions conflicted, in which case I decided to leave the organization as is. In
other cases, I will continue to mull over specific suggestions made by one or more re-
viewers. Naturally, I am open to suggestions about possible future improvements.

Several students and teaching assistants have caught mistakes in the first edition or
suggested the rewording of some paragraphs. They are too numerous to list here. I
would like to acknowledge the efforts of Chirok Han, who carefully proofread the first
edition, and Ali Berker, who acted as verifier for the second edition.

Once again, I enjoyed working with the people at South-Western/Thomson Learn-
ing. Collectively, they used a gentle but firm hand in guiding completion of the second
edition. My developmental editor, Andy McGuire, helped me distill numerous reviewer
and user comments on the first edition, and he was very helpful in constructing a strat-
egy for revising the text. Starratt Alexander took on the onerous task of production ed-
itor and did an outstanding job. Peggy Buskey and Vicky True have skillfully managed
the Web site for the book, ensuring that users have easy access to the data sets. They
have made many improvements for the second edition, including providing the data sets
in formats that can be read by many econometrics packages. Once again, Malvine Lit-
ten and her crew at LEAP, and in particular Rachel Morris, did a superb job in copy
editing and typesetting the manuscript.

The second edition is still dedicated to my wife, Leslie, and to our children, Ed-
mund and Gwenyth. Leslie has provided valuable feedback on the text, and she has
caught her share of typos. Plus, she continues to be very supportive, even though she
was rightly skeptical when, after the first edition came out, I announced how glad I was
that the “project” was over.

Jeffrey M. Wooldridge
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