Brian M. Pollins Summer, 2007

email: pollins.1@osu.edu
Office: TBA, Perry Building
Tas: Daniel Blake and Autumn Payton — Offices in Perry Building

Regression Analysis

Course Objectives:

The main body of this course focuses on "intermediate" level single-equation regression
techniques. Though we begin with a review of bivariate regression, this course presumes
that students have mastered basic statistics and regression.

Student Responsibilities:

Four major problem sets will be distributed during the course, and these constitute the
bulk of student responsibilities. Occasional, less challenging work sheets may also be
handed out. These will help illustrate particular estimation procedures, and should help
students gain hands-on experience with key ideas as well as with SPSS for Windows, our
class estimation package. Each assignment may involve computation by hand, or use of
computer packages, or both. Information on available data sets will be provided.

Course Sequence:

L. Review of Bivariate Regression and Correlation.

IL Scalar Introduction to Multiple Regression.

III. A Matrix Introduction to Multiple Regression. The General Linear Model.

IV.  Regression Diagnostics: Finding and Treating Estimation Problems.

V. Topics in Regression (As time and class interest allow): Introduction to Maximum
Likelihood Estimation, Discrete Dependent Variables.

Readings:
Main Course Texts:

Damodar N. Gujarati (2003) Basic Econometrics (4™ ed.) New York: McGraw Hill.
Gujarati’s 3 edition is acceptable.

John Fox (1992) Regression Diagnostics. A good Sage Series monograph that treats
many key estimation problems. Good diagnosis is essential for proper treatment,
and Fox describes several diagnostic techniques with admirable clarity.
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Peter Kennedy (2003) 4 Guide to Econometrics (5" ed.) (Cambridge: M.L.T. Press). A
great reference for the everyday practitioner. Basic concepts and formulae are
found easily and explained clearly and concisely.

Regression Analysis ‘Blue Bible’. This copier package, available through ICPSR, will
contain all course assignments and many helpful hand-outs. A bargain at twice the
price.

At Your Discretion:

To keep course material within reach of all students, several Sage monographs have been
ordered, and these will serve as more intuitive introductions to all major topics treated in
this course. These monographs are listed as recommended for purchase, and students are
free to select those which cover topics of greatest interest, or in which they feel they need
the most help (see descriptions below). Supplemental monographs to consider for
purchase (listed in order of their use in this course) :

1) Achen, Christopher H. (1982) Interpreting and Using Regression Sage Series no. 29.
This monograph considers "how and under what circumstances regression analysis
is actually put to good use in the social sciences." It is a very good question to ask,
and Achen provides nice answers while considering important issues of inference
and interpretation. This is sort of a "thinking human's" introduction to regression.

2) Liao, Tim Futing (1994) Interpreting Probability Models: Logit, Probit, and Other
Generalized Linear Models Sage Series no. 101. A good, clear introduction to the
world of discrete dependent variables, both categorical and ordinal.

3) King, Gary (1989) Unifying Political Methodology: The Likelihood Theory of
Statistical Inference. This serves well as an introduction to more advanced
estimation problems where linear techniques perform poorly, if at all (event count
models, discrete, censored, or truncated dependent variables, etc.)

SYLLABUS

I. Review of Bivariate Regression and Correlation
Required Reading:
Guyjarati, Chapters 1-6.

King, Gary (1986) "How Not to Lie with Statistics: Avoiding Common Mistakes in
Quantitative Political Science," American Journal of Political Science, v.30,
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pp.666-687.
Suggested Reading:
Achen, Christopher H. (1982) Interpreting and Using Regression Sage Series no. 29.
Applications:

Ada W. Finifter and Ellen Mickiewicz (1992) "Redefining the Political System of the
USSR: Mass Support for Political Change," American Political Science Review.
86: 857-74.

Clive Bean and Anthony Mughan (1989) "Leadership Effects in Parliamentary Elections
in Australia and Britain." American Political Science Review. 83: 1165-80.

Robert W. Jackman (1987) "Political Institutions and Voter Turnout in the Industrial
Democracies" American Political Science Review. 81: 405-23.

Doran, Charles F. and Wes Parsons (1980) "War and the Cycle of Relative Power,"
American Political Science Review, v. 74, no. 4. (Dec.), pp. 947-965.

I1. Scalar Introduction to Multiple Regression and Analysis of Variance
Required Reading:

Gujarati, chapters 7 and 8.

Applications:

Pollins, Brian M. (1989) "Conflict, Cooperation and Commerce: The Effect of
International Political Interactions on Bilateral Trade Flows" American Journal of
Political Science 33(3): 737-61.

Jackman, Robert W. (1987) "Political Institutions and Voter Turnout in the Industrial
Democracies" American Political Science Review v.81,1n0.2, (June) pp. 405-423.

Goldsmith, Arthur A. (1986) "Democracy, Political Stability, and Economic Growth in
Developing Countries: Some Evidence on Olson's Theory of Distributional
Coalitions" Comparative Political Studies v.18, pp.517-531.

McAdams, John C., and John R. Johannes (1987) "Determinants of Spending by House
Challengers, 1974-84" American Journal of Political Science v. 31,n0. 3 (August)
pp. 457-483.
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Conybeare, John A. C. (1983) "Tariff Protection in Developed and Developing Countries:
A Cross Sectional and Longitudinal Analysis," International Organization, v. 37,
no. 3 (Summer), pp. 441-467.

ITI. A Matrix Introduction to Multiple Regression Analysis

Required Reading:

Guyjarati, Appendices B and C.

IV. Regression Diagnostics: Finding and Treating Estimation Problems in Multiple
Regression Analysis

A. Heteroscedasticity, Autocorrelation
Required Reading:
Guyjarati, Chapters 11 and 12.

Downs, George W. and David M. Rocke (1979) "Interpreting Heteroscedasticity,"
American Journal of Political Science, v.23, no.4 (November) pp.816-828.

Suggested Reading:

Sweeney, Kevin J. (2004) “Heteroskedasticity” in Michael Lewis-Beck, Alan E. Bryman
and Tim Futing Liao The Sage Encyclopedia of Social Science Research Methods
Thousand Oaks, CA: Sage Publications.

Pollins, Brian M. (2004) “Homoskedasticity”” in Michael Lewis-Beck, Alan E. Bryman and
Tim Futing Liao The Sage Encyclopedia of Social Science Research Methods
Thousand Oaks, CA: Sage Publications.

Hibbs, Douglas A. (1974) "Problems of Statistical Estimation and Causal Inference in
Time-Series Regression Models," Sociological Methodology, pp. 252-308.

Lemieux, Peter (1976) "Heteroscedasticity and Causal Inference in Political Research”
Political Methodology 3: 287-316.
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Applications:

Fair, Ray (1987) "The Effect of Economic Events on Vote for President: 1984 Update"
Political Behavior 10:168-79. Also in the National Bureau for Economic
Research Working papers, n0.2222.

Muller, Frank G., and Klaus Zimmermann (1986) "The Determinants of Structural
Changes in Public Budgets: A Theoretical and Empirical Analysis for the Federal
Republic of Germany" European Journal of Political Research v.14, pp.481-498.

Kamlet, Mark S., and David C. Mowery (1987) "Influences on Executive and
Congressional Budgetary Priorities, 1955-1981" American Political Science
Reviewv. 81, no. 1 (March) pp. 155-178.

Beck, Nathaniel (1987) "Elections and the Fed: Is There a Political Monetary Cycle?"
American Journal of Political Science v. 31, no. 1 (February) pp. 194-216.

Rasler, Karen (1986) "War, Accommodation, and Violence in the United States,
1890-1970" American Political Science Review v. 80, no. 3 (September) pp.
921-945.

Norpoth, Helmut (1987) "Guns and Butter and Government Popularity in Britain"
American Political Science Review v. 81, no. 3 (September) pp. 949-959.

Stewart, Charles (1987) "Does Structure Matter?: The Effects of Structural Change on
Spending Decisions in the House, 1871- 1922" American Journal of Political
Science v. 31, no. 3 (August) pp. 584-605.

B. Collinearity, Specification Error, Measurement Error

Required Reading:

Guyjarati, Chapters 10 and 13.

Fox, John (1992) Regression Diagnostics Section 3, Appx. 3.1, 3.2.

Pollins, Brian M. (2004) “Misspecification” in Michael Lewis-Beck, Alan E. Bryman and

Tim Futing Liao The Sage Encyclopedia of Social Science Research Methods
Thousand Oaks, CA: Sage Publications.
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C. The Analysis of Residuals. Outliers, Leverage, Non-Linearity, Non-Normality.

Required Reading:

Fox, John (1992) Regression Diagnostics Sections 4, 5 and 7 and Appx.4.1-4.4, 6.1.

Suggested Reading:

Chatterjee, Sanjit and Frederick Wiseman (1983) "Use of Regression Diagnostics in
Political Science Research," American Journal of Political Science, v.27, n0.(3)
pp.601-613.

Bollen, Kenneth and Robert Jackman (1990) “Regression Diagnostics: An Expository
Treatment of Outliers and Influential Cases” in John Fox and J. Scott Long (eds.)

Modern Methods of Data Analysis. Newbury park, CA: Sage Publications.

V. Topics in Regression: Dichotomous Variables, Pooled Time-Series, Introduction
to Maximum Likelihood

A. Dichotomous Independent Variables (a.k.a. "Dummy" Variables).
Guyjarati, Chapter 9.

B. Pooled Cross-Section Time-Series Analysis: Confronting a Variety of Estimation
Problems All at Once

Theory:

Stimson, James A. (1985) "Regression in Space and Time: A Statistical Essay" American
Journal of Political Science v.29, pp.914-947.

Kim, Taehyun (1988) "A Note on Pooled Cross Section Time-Series Regression Analysis",
Unpublished Research Paper, Ohio State University.

Applications:

Smith, Ronald P. (1980) "Military Expenditure and Investment in OECD Countries,
1954-1973" Journal of Comparative Economics v.4, pp.19-32.

Weede, Erich (1986) "Sectoral Reallocation, Distributional Coalitions, and the Welfare
State as Determinants of Growth Rates in Industrial Democracies" European
Journal of Political Research v.14, pp.501- 519.
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Pollins, Brian M. (1989) "Does Trade Still Follow the Flag?: A Model of International
Diplomacy and Commerce" The American Political Science Review v.83, no.2
pp-465-480.

Clarke, Harold D. and Nitish Dutt (1991) "Measuring Value Change in Western
Industrialized Democracies: The Impact of Unemployment" T7The American
Political Science Review. 85: 905.23.

Radcliff, Benjamin (1992) " The Welfare State, Turnout and the Economy: A Comparative
Analysis" The American Political Science Review 86: 444-54.

C. A Basic Intro to Maximum Likelihood Estimation and Some of its Uses

King, Gary (1989) Unifying Political Methodology: The Likelihood Theory of Statistical
Inference Cambridge: Cambridge University Press. Chapters 1,2, 3 (skim) and 4.

Greene, William H. Econometric Analysis (2nd ed.) Chapter 13, sections 1-4.
i) Discrete Dependent Variables: Logit and Probit Techniques
Guyjarati, Chapter 16.

King, Gary (1989) Unifying Political Methodology: The Likelihood Theory of Statistical
Inference Cambridge: Cambridge University Press. Chapter 5, sections 1-6.

Greene, William H. Econometric Analysis (2nd ed.) Chapter 21, sections 1-4.
Applications:

Ostrom, Charles W. Jr. and Brian L. Job (1986) "The President and the Political Use of
Force," The American Political Science Review v.80, no.2 pp.541-566.

Beck, Paul A., Lawrence Baum, Aage Clausen and Charles Smith (1992) "Patterns and
Sources of Ticket Splitting in Subpresidential Voting." The American Political
Science Review. 86: 916-28.

Leighley, Jan E. and Jonathan Nagler. (1992) "Socioeconomic Bias in Turnout, 1964-
1988: The Voters Remain the Same" The American Political Science Review. 86:
916-28.

Pollins, Brian M. and Randall L. Schweller (1999) “Linking the Levels: The Long Wave
and Shifts in U.S. Foreign Policy, 1790-1993". American Journal of Political
Science, v. 43, no. 2 (April) pp.431-464.
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ii) Event Count Models and Poisson Regression

King, Gary (1988) "Statistical Models for Political Science Event Counts: Bias in
Conventional Procedures and Evidence for the Exponential Poisson Regression
Model," American Journal of Political Science v.32, no.3 (August) pp.838-863.

King, Gary (1989) "Event Count Models for International Relations: Generalizations and
Applications," International Studies Quarterly, v.33, no.2 (June) pp.123-147.

Application:

Pollins, Brian M. (1996) "Global Political Order, Economic Change and Armed Conflict:
Co-evolving Systems and the Use of Force" American Political Science Review.
40: 103-117.

Important Considerations (applies in particular to students taking the course for
credit):

Academic Honesty. All of the work you do in this course is expected to be your own.
Absolutely no cheating or plagiarism (using someone else's words or ideas without proper
citation) will be tolerated. Any cases of cheating or plagiarism will be reported to the
university committee on academic misconduct and handled according to university policy.

And a Special Note Regarding Assignments. The above wording is a statement of official
University policy. You should be aware that I do allow students to work fogether while
they progress through each assignments. But each student must work alone as they write
up their own final copy for submission. This means that all work you submit must be yours
alone. Each student should show all work progressing toward the solution, and I ask you
to highlight your final answer to each problem. In other words, it is fine with me if you
are stuck on a problem, and ask a fellow student to explain a point that will help you get
over that obstacle. However, I do not allow one student to take another by the hand
through many steps of a problem, effectively solving the problem for them. It is fine with
me if two students compare answers to a problem in order to check their work. When their
answers do not match, it is fine with me if they discuss the process by which they arrived
at their answer, in order to discover who is wrong. I do not allow one student to copy the
solution to a problem from another student, whatever the reason. Nor do I allow two or
more students to divide up the work on any problem or problem set and share their results
with each other. Any and all work you submit with your name on it must be entirely
your own work. If any part of this policy is not clear to you, consult with me or the
teaching assistants.
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Problem Set 1

The following exercises should be calculated without resort to any statistical package. In other words, Pencil and
paper should suffice. Pocket calculators are allowed, just show enough of your work to indicate that the
assignment was done by hand.

1. Assume that you are studying the effect of military expenditures on GNP in the European Union (and
that EU membership is fixed). You have complete data for all EU members for several recent years. Does
this mean you have data for a sample or for the population? Discuss. (10 points)

2. (20 points) Use data in the Appendix to this assignment to estimate the relationship between Birth Rates
Per Capita Income, and Race for nine U.S. regions. Specifically, estimate the model:

E)

BirthRate = b, + b,Income + b;Race + ¢
a) Present your calculations for each of the three model parameters.

b) Once you have calculated the parameters, describe verbally what b, , b, and b, say about the
relationship between INCOME, RACE, AND BIRTHS. '

¢) If Income were measured in thousands of dollars instead of dollars, would your coefficient estimates
from part (a) change? How?

d) Given your estimates from part (a), calculate the residuals for the nine regions. Do you see any patterns
in these residuals that suggest another explanatory factor might be added to this model? (i.e., some new
explanatory factor that might distinguish many of your overestimates from several of your underestimates.
How might this new factor affect birth rates?)

[FIVE Hints: 1) Look at the formula for b, and b, on carly pages following the assignments here in your
Readings Packet. This is an exercise in MULTIPLE NOT BIVARIATE regression.

2) Since you are using hand calculators, it is safest to record your work to four decimal places. Recording
intermediate results to only three places may work, but if you get an answer outside the given bounds, it
may then be due to rounding error in your calculator, not misapplication of a formula.

3) While contemplating part (c) of this problem, THINK about what you are being asked, THINK about
the meaning of the coefficients before you decide to re-estimate the whole equation.

4) While contemplating part (d) of this problem, "stargaze." THINK about which regions fall above and
which regions fall below your computed regression line. Do you see any characteristics of your
over-estimated cases and your under-estimated cases that might suggest a refinement of this hypothesis
regarding income, race, and birth rates?

5) Regarding part (a), if your estimate for

b, is less than 35.0 or greater than 38, or if vour estimate for

b, is less than -.01 or greater than 0.0 or if your estimate for

b, is less than -.20 or greater than 0.0 then you have miscalculated ] -
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3. Regression Coefficients may be calculated using correlation coefficients. Use the product-moment
correlations found in the Appendix to this assignment to do the following: (20 points)

a) Calculate the BIVARIATE regression coefficient for Eamings regressed on Schooling.

b) Calculate the partial slope coefficients for a model that also includes Experience as an exogenous variable
(both of them!).

c) Did your estimate for the effect of Schooling change? If it did, why do you think this occurred? [Hint:
Think about good model specification and how that affects the accuracy of our parameters. And think
about the correlation between Schooling and Experience. Could Experience be making itself felt in our
estimates of the first model, even though it was not included in that model? ]

[General Hints for Problem 3: 1) Relevant formulae will be presented in class, hence refer to your notes. And
again, many students find the "formula page" in the Readings Packet heipful too.

2) if your estimate for b, in part (a) is less than 680.0 or greater than 725.0 then you have miscalculated.

3) if your estimate for b, in part (b) is less than 950.0 or greater than 985.0 then you have miscalculated.

4. Given the values for X, Y and ¢ in the data appendix to this assignment, show the following:

a) Zci =Nc¢
b) IX+Y) =YX +}YY,
<) YeX =ckX (5 points)

5. A short breather. From class notes, show that the sum of the squared errors in bivariate regression is
minimized when:

Cov XY
b2 [ J— —
Var X (5 points)

6. Given the Model: Y =8, +B8,X; + B, X, + e
And Given the summations found in the Appendix to this assignment, calculate the following:

~ a) The model parameters b, , b, and b, .

b) The estimated variance of the two partial slope coefficients b, and b, coefficient (calculation ofthe vanance
of the intercept coefficient b, is optional.)

¢y R?

d) the Standard Error of the estimate.
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[Hints: The least squares coefficients can be found most quickly by using the summations provided in the
problem information and applying formulae given in class. 1) For part (a), b, will be a number between 8 and
11. b, will be a number between 3 and 6. And b, will be a number between 0 and 2. For part (b) of this
probilem, the variance of b, is a number between 23 and 28. The variance of b, is a number between 0.3 and
0.4. The variance of b, is a number between 0.1 and 0.2. 2) For part (c) of this problem, R? is a number
between 0.8 and 0.95. 3) For part (d) of this problem, the standard error of the estimate is a number between
6and 9. Asalways, if any of your answers fall outside the suggested bounds, you have probably miscalculated
your model parameters.] (20 pomts)

7. Should one always use a BLUE estimator? In what circumstances might it be better to use an estimator that
was not BLUE? In other words, what criteria should we use in choosing among altemative estimators? [Hint;
Think about properties of estimators like Bias and Efficiency...] (10 points)

8. Imagine you have calculated the following estimates:

Y=217+083X,+ 107X, +e R:=034
(0.38) (0.78) N =25

[values n parentheses are the standard errors of the partial slope coefficients.]

a) Test the following hypotheses: H, : 8, = 0, H, : B; = 0. Did you choose a one-tailed or a two-tailed test?
Why? On what basis did you choose your significance level?
b) What would be the change in the predicted value of Y if X, increased by 14 units?
¢) Is your answer to part (b) affected by the value of X; , or is your answer independent of values of X,?
(10 points)
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Appendix

Data for Assignment 1

For Problem #2;
Live Births/1000 Pop. Income/Cap($) %African-American
Region (1968) (1969) (1970)
New England 225 3998 33
Middle Atlantic 215 4193 10.6
EastNorth Central 24.2 3928 9.6
WestNorth Central 24.0 3492 43
South Atlantic 242 3304 20.9
EastSouth Central 24.4 _ 2724 20.3
WestSouth Central 25.4 3122 15.8
Mountain 27.3 3267 22
Pacific .23.6 4134 57
For Problem #3:
Simple Correlations
, Earnings Schooling Experience Mean Standard Dev.

Earnings 1.00 0.28 0.14 $10,761 $7,163
Scheoling 1.00 0.38 12.29 yrs 2.90 yrs
Experience 1.00 22.43 y1s 12.75 yrs
For Problem #4:
X: 75852
Y: 123843
¢: 9 .. and how many cases do you see in this data set? Wouldn't that = N?
For Prubleni #6:
Your Data is:
Y: 42 - 40 16 15 22 45 55 69 69 40
X 2 5 3 0 0 6 10 12 8 5
X 20 i5 3 2 10 1 1 7 12 5
The Summations are:

EY=413 2X2=51 E.X3=76 r23="0.].3

XY =2732 2X,Y = 3349 2Y? = 20501

X, =407 IX,X, = 345 IX,2 = 958
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X3 -1.18896 .341993 -3.471 .00078 99.966
x4 1.12763 .715533 1.576 .11834 =.10300E-C2

. 00000
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Case 2 S; S Lowy, S"a 1S LOur

MODEL COMMAND: CRMODEL;LHS=YLOLO;RHS=0NE,X2L0OW,X3,X4$

<< QOrdinary Least Squares Regression »>

Dependent Variable YLOLO Number of Observations 100
Mean of Dep. Var. -10.0054GC Std. Dev. of Dep. Var. 136.7%6815
Std. Error of Regr. 87.137493 Sum of Sgrd. Residuals T28922.492107
R - squared . .354450 Adjusted R - Squared .334277
Durbin Watson Stat. 1.933122 Estd. Autocorrelation .033439
Total VYariation 1129150.416667 Regression Variation 400227.924560
F( 3, 96) 17.5702 Prob. Value for F . 00020
Log—-Likelihood -586.601480 Const. Log-L (for ~=0) -608.484149
Akaike Information 8.974152 Amemiya Prediction 7896.660331
Chi-squared{ 3] 43.765338 Prob Value = .C00000
Variable Coefficient Std. Error T-ratio Probit: x Mean of X Std.D.of X
ONE 19.8825 21.1682 -939 .34995 1.0000 .00060
X2L0OW 2.64628 .997031 2.654 .00931 9.9979 8.8150
X3 -.563603 .171881 -3.279 .00145 95.969 51.163
X4 2.02465 + .359629 5.630 .00000 ~,10300E-02 24 .440 .

Case 3 : S)Z(L 1S HiGH Sg ¢S Lows

MODEL COMMAND: CRMODEL; LHS=YHILO; RHS=0NE,X2HIGH, X3,X43

<{ Ordinary Le;;t Squares Regression >>

Dependent Variable ' YHILO Jumber of Observations 100
Mean of Dep. Var. -9.984700 Std. Dev. of Dep. Var. 136.287083
Std. Error of Regr. 87.059588 Sum of Sgrd. Residuals 727619.700298
R - squared .604306 Adjusted R - Squared .391940
Durbin Watson Stat. 1.923464 Estd. Autocorrelation .038263
Total Variation 1838842.720889 Regression Variation 1111223.020591
F( 3, 96) 48.8705 Prob. Value for F . 00006
Log-Likelihood -586.512036 Const. Log-L (for ~=0) -632.867654
Akaike Information 8.972364 Amemiya Prediction 7882.546733
Chi-squared[ 3] 92.711317 Prob Value = .060000
“Variable Coefficient Std. Error T-ratio Probit: x Mean of I Std.D.of X
ONE 20.6035 19,2625 1.070 .28747 1.0000 .00o00
X2ZHIGH 2.62313 .250364 10.477 .00000 9.9986 35.056
X3 ~-.568315 .1717353 -3.309 .00132 99.969 51.163

X4 2.03422 .358940 5.667 .00000 =~.10300E-02 24,440
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