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5 Ecological Regression and Ecological Inference™

Bernard Grofman and Samuel Merrill

ABSTRACT

We propose three methods of ecological inference that guarantee feasible solutions but are simpler
to implement than the method of King (1997). Each procedure provides estimates at the level of the
ecological unit as well as a more aggregated level. The first method uses a simple squared distance
minimization algorithm on the tomographic line segments. The second also generates a distance
minimization, but in a space keyed to the slopes and intercepts of possible regression lines. The third
determines the regression line that minimizes the sum of the areas between it and pairs of constraint
line segments that are generated by a variant of the Duncan~Davis method of bounds. The procedures
are implemented on an Excel spreadsheet and are available over the Internet. We present empirical
applications, for which the first and third methods yield results that are quite similar to those produced
by King’s algorithm,

5.1 INTRODUCTION

In ecological inference we seek to make use of data that is aggregated at the level of ecological
unitsto make inferences about the behavior of individuals. The ecological fallacy (Robinson,
1950) occurs when relationships between variables that obtain at the aggregate level are not
found at the individual level. In this chapter three methods of ecological inference are
proposed that are simpler than the sophisticated statistical models offered by King and his
colleagues.

King estimates the unknown parameters of interest using maximum likelihood estima-
tion (MLE) methods on a truncated bivariate normal or Beta distribution overlaid on the
tomographic lines in (8%, B*) space. The first of our three methods uses a simple squared
distance minimization algorithm on the tomographic lines. The district level solution is that
point on the district tomographic segment that minimizes the (weighted) sum of the squared
distances to the feasible tomographic line segrmentsfor the ecological units. For each unit the
estimates for the parameters of interest are the coordinates of the nearest point on the unit
tomographic line segment to the district solution. The analytic solution we obtain from this
method is very similar to that of the Goodman regression model, but — unlike regression —
our approach guarantees feasible solutions at both the precinct and the district level.

The second and third methods we propose can each be thought of as forms of
constrained Goodman ecological regression. The first of these latter methods generates a

* A previous version of this work was presented at the Ecological Inference Conference, June 17-18, 2002, at
Haryard University, Cambridge, MA, The listing of authors is alphabetical, The first-named author is indebted
for helpful conversations with John DiNardo and Anthony Salvanto, and for comments on a much earlier draft
of this paper by Gary King. Errors remaining are solely the responsibility of the authors.
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distance minimization in (m, b) space (where m and b are the slope and intercept of possi-
ble regression lines) rather than in (8%, B*) space. The last method operates in the original
(X, T) space and finds the regression line that minimizes the sum of the areas between it
and pairs of constraint line segments that are generated by a variant of the Duncan-Davis
method of bounds.

These methods demonstrate that the contrast between ecological regression in the form
proposed by Goodman (1953, 1959) and ecological inference of the sort described in King
(1997) is too easily exaggerated, Each uses either King's extension of the Duncan-Davis
(1953) methodofbounds or asimple variant thereof. Each operates without any assumptions
about the distribution of parameters, but bootstrap standard errors can be obtained to assess
the results.

We compare the results of our methods with that of King for several artificial and
real data sets. Our methods are implemented in Excel spreadsheets, which are available
on the websites http://www.cbrss .harvard.edu/events/eic/book.htm and
nttp://course.wilkes.edu/Merrill/. Two of the three methods produce results
that are, in general, very close to those produced by King’s algorithms.

5.1.1 Background

. Since the critiques of scholars such as Robinson (1950), the use of ecological methods to

attempt to specify individual level behavior from data that is available only at the level of
ecological units has been both uncommon in the social sciences and highly suspect. It is now
well known that ecological methods can sometimes yield quite misleading estimates, even
of apparently simple statistics such as correlations, There have been a variety of attempts
to resuscitate the use of ecological methods, such as the efforts of Goodman (1953, 1959)
and Duncan and Davis (1953) to provide ecological estimates a solid statistical footing. In
particular, these methods have been adopted for use in the analysis of racial bloc voting data
inlegal challenges to districting plans brought under the Voting Rights Act or the Fourteenth
Amendment (Grofman, 2000).! But it is only following publication of Gary King’s (1997)
seminal work on ecological inference that the use of aggregate data on ecological units
for purposes of directly inferring (mean levels of) individual behavior among individuals
(entities) sorted into dichotomous or polychotomous categories has been undergoing a
renaissance in political science research.

King (1997) argues that his approach to ecological inference is superior to Goodman’s
classic form of ecological regression for a number of reasons. Most notably, it makes use of
all the information available about the data and the bounds on feasible parameter values,
and guarantees that all estimates of unobservable individual parameters will be consistent
with the feasible values for those parameters at the level of the ecological units used for
analysis. While it is widely accepted that King (1997) represents a major advance on earlier
methods such as Goodman’s bivariate approach to ecological regression, King's approach to
ecological inference hasalso been subject to strongattacks by scholars inboth political science

I In voting rights challenges to districting plans (brought under Section 2 or Section 5 of the Voting Rights Act of
1965 as amended in 1982, or brought directly under the Fourteenth Amendment), analysis of voting by race was
a legally mandated component of any litigation. Because survey data on local (or even state) elections s rarely
available, analyses of the relationship between aggregate level voting patterns in the elections (usually measured
at the precinct level) and the racial characteristics of these aggregate units has been used to make inferences
about how members of each race are voling { Grofman and Migalski, 1988; Grofman, 1992). Despite the general
disrepute of ecological methods over the past three decades, one area where ecological methods have been used
by necessity is in the analysis of patterns of racial voting,






