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SERIES EDITOR’S INTRODUCTION

Invented more than 200 years ago, apparently independently by the German
mathematician Carl Friedrich Gauss and the French mathematician Adrien-
Marie Legendre, the method of least squares occupies a central place in statisti-
cal methods. Linear least squares regression not only is very widely employed
in research but also furnishes a basis for much of applied statistics. Many
statistical models — generalized linear models, linear and generalized linear
mixed-effects models, survival regression models, and linear structural equation
models, to name a few of the more prominent — represent direct generaliza-
tions of linear regression; and computation for statistical models often involves
least squares fitting — for example, the use of iterated weighted least squares
to compute maximum likelihood estimates for generalized linear models. Both
for its direct application and for its many generalizations, a sound background
in linear least squares regression is fundamenta] to the study of statistics.

In Applied Regression, Colin and Michael Lewis-Beck provide a thorough
primer in linear least squares regression, introducing the method from first prin-
ciples. They attend to practical details of regression analysis; to the statistical
model underlying inference in linear regression and to violations of the assump-
tions of the model; and — most important — to the interpretation of results and
the interplay between statistical modeling and the substance of social research.

There is clearly a need for a brief, accessible, and nontechnical treatment
of regression analysis, and the first edition of this monograph was one of
the most widely read in the QASS series. I expect that this new, expanded,
and extensively revised edition will be similarly well received. _

On a personal note, I am particulatly pleased to be able to assist in the
publication of this monograph because I have known Michael Lewis-Beck
since we were both graduate students at the University of Michigan many
years ago, and I have subsequently had the pleasure of becoming acquainted
with his son, Colin.

—John Fox
Series Editor

ix



PREFACE

In this second edition of Applied Regression: An Introduction, we maintain
. our firm commitment to the method of ordinary least squares (OLS). We are
" not alone in our defense of OLS. Peter Kennedy (2008), author of a leading
- econometrics text, observed the following: “The central role of the OLS esti-
~ mator in the econometrician’s catalog is that of a standard against which all
~ other estimators are compared. The reason for this is that the OLS estimator
is extraordinarily popular” (p. 43). This popularity was recently affirmed in a
- methodological content analysis of the articles in the three leading general
political science journals, with the finding that “OLS is by far the most popu-
i lar method” (Krueger & Lewis-Beck, 2008, p. 3). This is not surprising, since
. OLS is the analytic tool of the classical linear regression model.

As Jan Kmenta (1997), author of our favorite econometrics book,
- reminds us, “The need for familiarity with the basic principles of statistical
. inference and with the fundamentals of econometrics has-not dimin-
¢ ished. ... Most econometric problems can be characterized as situations in
* which some of the basic assumptions of the classical regression model are
- violated” (pp. v—vi). In our monograph, we pay special attention to these
* basic regression assumptions, Also, in the writing, we are inspired again by
- Kmenta (1997) and his “philosophy of making everything as simple and
- clear as possible” (p. vii). It is our hope that readers agree that we have
- realized this goal. Indeed, if readers are interested in further analyzing or
_ replicating the results presented in this monograph, the datasets are avail-
able for download through the SAGE website.
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CHAPTER 2. BIVARIATE REGRESSION:
ASSUMPTIONS AND INFERENCES

Recall that the foregoing regression results from the Riverview study are
based on a sample of the city employees (12 = 32). Since we wish to make
accurate inferences about the actual population values of the intercept and
slope, this bivariate regression model should mest certain assumptions. For
the population, the bivariate regression model is

Yi=PByt+ Bx;t g

where the Greek letters indicate it is the population equation, and we
have included the subscript, 7, which refers to the 7th observation. With the
sample, we calculate

Yi=Dby+byx; +e;

To infer accurately the true population values, B; and B, from these sample
values, b, and by, we need to satisfy necessary conditions. Inspired by the
Gauss-Markov theorem, these assumptions affirm what can be called the
“classical linear regression model.” Different texts state these assumptions
in slightly different ways, the differences depending mostly on what the
author takes for granted. (For a useful review of these different statements,
see Larocca [2005].) We rely heavily on the fine econometric work of
Kmenta (1997, chaps. 7-10) for our formulation.

The Regression Assumptions

1. No specification error

a. y; is the dependent variable, x; the independent variable
b. No relevant independent variables have been excluded
c. No irrelevant independent variables have been included )

d. The form of the relationship between y; and x; is linear
2. No measurement error

a. The variables are quantitatively measured

b. The variables x; and y; are accurately measured
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CHAPTER 3. MULTIPLE REGRESSION: THE BASICS

With multiple regression, we can incorporate more than one independent
© variable into an equation. This is useful in two ways. First, it almost inevi-
tably offers a fuller explanation of the dependent variable, since few phe-
nomena are products of a single cause. Second, the effect of a particular
independent variable is more certain, for the possibility of distorting influ-
‘ences from the other independent variables is removed. The procedure is a
straightforward extension of bivarjate regression. Parameter estimation and
interpretation follow the same principles. Likewise, the significance test
and the R? are parallel. Furthermore, the bivariate regression assumptions
necessary for best linear unbiased estimates (BLUE) are carried over to the
multivariate case. The technique of multiple regression has great range,
and its mastery will enable the researcher to analyze almost any set of
quantitative data.

The General Equation

In the general multiple regression equation, the dependent variable is seen
as a linear function of more than one independent variable,

y =Byt Byxy + Boxy + Paxg ot Byt

where the subscripts from 1 to k identify the independent variables. The
elementary three-vaiiable case, Which weshall be using below, is written

y=Pot Prxyt By te
and suggests that y is determined by x; and x,, plus an error term.

To estimate the parameters, we again employ the least squares principle,
minimizing the sum of the squares of the prediction errors (SSE):

SSE=Y" (-5

For the three-variable model, this estimated least squares equation is
A
Y =bo +byx +byxy

The least squares combination of values for the coefficients (by, by, by)
yields less prediction error than other possible combinations of values.
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Added-variable plots, 42, 59
Additivity assumption, 69-70
Adjusted R%, 63
Alternative hypothesis, 29, 61
Assumptions, 23-28

impact of violations, 28

linearity, 4, 18

multiple regression, 55

residuals analysis, 39-49
Autocorrelation, 24, 25-26, 28, 90-91

Best linear unbiased estimates
(BLUE), 24, 55, 72,75
Bivariate regression, 1, 20
assumptions, 23-28
equation, 11
example, 49-52
explanatory power (goodness of fit),
14-19. See also Coefficient of
determination
fitting a straight line, 4—11
for population, 2.3
interpretation of parameters, 11-13
prediction, 13-14
Breusch-Godfrey (BG) test, 90-91

Categorical variables, 66, 94-95
Causal ordering of variables, 12
Classical linear regression model, 23
Coefficient of determination (R?),
14-19
adjusted R?, 63
correlation coefficient () and,
19-20

multicollinearity problem, 78-80

multiple regression, 62—63
Confidence intervals, 29-33

autocorrelation and, 26

multiple regression, 61, 63

Root Mean Squared Error (RMSE),
38-39
sample size and, 39
Cook’s distance, 42
Correlation coefficient (), 19-20

Degrees of freedom, 61
Dependent variables, 1
categorical, 94-95
Dichotomous variables, 64—66
Dummy variables, 64—69

Error sum of squared deviations
(ESS), 15
Error term, 2
multiple regression, 55
regression assumptions,

24, 25-27, 90
Exogeneity problem, 95
Explanatory power, 14-19
Extrapolation, 13

Gauss-Makov theorem, 23

Goodness of fit assessment, 14—19,
62—63. See also Coefficient
of determination

Heteroscedasticity, 25, 28, 44
approaches for dealing with,
48-49
Homoscedasticity assumption, 24, 25,
44, 4849
Hyperbolic relationships, 87

Independent variables, 1
error term correlation, 26
exogeneity issues, 95
multicollinearity problem, 75-83
multiple regression, 55
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