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ABSTRACT: This paper presents QE2, a second-generation method for regional quasi-
experimental control group research. The automated control group selection process and
statistical significance tests distinguish QE2 from its predecessors. QE2 identifies the
consequences of economic events both by sector and year and can be an important tool for
regional economic analysis. Its use is illustrated through studies of a nuclear power plant in
Nebraska, an energy boom in Wyoming, and an economic development tourism project in
West Virginia. Properties of the method are analyzed, sensitivity analyses are presented,
and further research issues and directions are discussed.
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AUTOMATED QUASI-EXPERIMENTAL CONTROL GROUP ANALYSIS:
THE QE2 METHOD AND ITS APPLICATION

INTRODUCTION

Quasi-experimental research designs attempt to replicate certain conditions of a true
experiment. Lacking the ability to administer the treatment, and, therefore, to select
randomly one group to be treated and one to serve as the control, the quasi-experimental
methods need a substitute for random assignment to control for differences between
treated and untreated units. Some research designs attempt to achieve this control
statistically by using regression methods with a dummy variable for the treated cases. A
less common approach--at least in economics, geography, and regional science--is to
identify a control group after the treatment has occurred. The key is to select a control
group whose characteristics match those of the treated unit or units.

The term quasi-experimental has been applied to a wide variety of research designs. The
nine journal articles found by a computerized search of the social sciences index illustrate
the range. All the studies had the term quasi-experimental in their titles and used control
groups, but the selection of the control group was not a central methodological issue in
seven of them. Adams et al. (1985) compared questionnaire responses of people who had
watched the movie The Right Stuff and of people who were waiting to watch it to determine
whether the docudrama changed attitudes toward the 1984 presidential campaign.
Bateman, Kirwan, and Kazee (1983) compared the changes in batting performances of 51
major league baseball players traded between seasons and 46 traded within seasons to
measure the performance effects of moving to a new job. Bonta and Motiuk (1990)
compared the halfway house placement rates of three jails, two of which knew the risk
classification scores of their inmates. Oktay and Volland (1990) evaluated a support
program for home caregivers by comparing 98 patient/caregiver pairs who received
services to 93 pairs who had not the previous year. Loft, Andersen, and Madsen (1989)
explored the possibility of using regional variations in medical practice as a "natural
experiment" to evaluate outcomes of different treatments. Rauma and Berk (1982)
compared recidivism among released prisoners who received unemployment benefits and
those who aptplied but did not. Snyder and Patterson (1986) studied the mother-child
interaction of two pairs recruited by a newspaper advertisement.

The two studies concerned with the careful matching of treated and control units focused
on places. Isserman and Merrifield (1987) used control groups of counties to analyze the
economic consequences of an energy boom in two Wyoming counties. Leahy (1985)
compared mortgage lending within 13 primarily black census tracts and 13 matched
primarily white tracts in Toledo, Ohio.

This paper presents substantial progress in developing methods for selecting control groups
of places and for using them in regional economic analysis. It builds on two papers
(Isserman and Merrifield 1982 and 1987) in which control groups were selected in a time-
consuming, labor-intensive manner. The automated system presented here does in an hour
what once took two weeks or more. This paper also makes a major change from a
deterministic to a probabilistic interpretation of the control group. Doing so makes it
possible to conduct statistical tests of both the control group itself and the estimated
treatment effects. Initial efforts in those twin directions--automation and statistical tests--
were described in two working papers (Isserman 1987; Isserman, Rephann, and Sorenson
1989), but the selection procedure has been refined and simplified considerably since those
papers.



This paper introduces QE2, a county-level, automated meth(_)d that is as easy ;md
convenient to use as a regression package. It represents achievement of the first goal of a
multi-part project described in Isserman and Beaumont (1989). Three applications are
presented and analyzed after a discussion of the method. The intent here is to provide
thorough documentation in the hope of stimulating discussion leading to further
improvement of the method.

THE QE2 METHOD
Basic Vocabulary and Overview

The treatment is the project or phenomenon of interest, and a treated county is the place
receiving the treatment. Time is divided into pre-treatment and post-treatment periods. In
the cases presented here, the treatments are a nuclear power plant in Nemaha County,
Nebraska, a series of oil and coal discoveries in Campbell County, Wyoming, and a state-
owned resort facility in Summers County, West Virginia. Control counties are similar to the
treated county during the pre-treatment period. The crux of the analysis is to identify
control counties and then determine whether the treated county became different from its
control counties during the post-treatment period.

QE?2 has three steps. First, a control group is selected for the treated county. Second, the
control group is evaluated in a pre-test to determine whether there are statistically
significant differences between the treated and control counties in the pre-treatment
period. Third, post-treatment differences between the treated and control counties are
examined in the post-test to determine whether they are statistically significant.

Statistically significant differences in the post-test period are presumed to be the effect of
the treatment. Changes in the control counties during the post-treatment period are
assumed to measure what would have happened in the treated county in the absence of the
treatment. This assumption is central to the research design. The selection of the control
group, the estimation of treatment effects, and the statistical tests are discussed in this
section.

Control Group Selection

Control counties are selected on the basis of their similarity to the treated county during
the pre-test period. The 17 variables used here measure sources of county income and
income growth. They are not offered as a complete theory of income determination, but
they serve very well to illustrate and evaluate the method. Twelve variables are the
proportions of county personal income accruing from the following sectors:

Farming

Agricultural services, forestry, and fisheries

Mining

Construction

Manufacturing

Transportation and public utilities

Wholesale trade

Retail trade

Finance, insurance, and real estate

Services

Federal civilian

Military

State and local government.



Three variables are other sources of income expressed as a proportion of total income,
namely:

I}iesidential adjustment for net in-commuting or out-commuting

Dividends, interest, and rent

Transfer payments.
The sixteenth variable is the growth rate of total county income. It is usually measured
over the five-year period up to the last pre-treatment year. The income proportions
generally are for the last pre-treatment year.

The Regional Economic Information System of the Bureau of Economic Analysis (BEA)
provides data on these variables for counties from 1965 through 1984, as well as 1929, 1940,
1950, 1959, and 1962. A newer series, which starts in 1969 and includes two-digit industrial
detail, is not used here because the three case study treatments took place before 1969.
About 1000 of the more than 3000 counties have some data missing for at least one year as
a result of disclosure rules. These omissions create no major problem, but in some
applications lead to the use of less than 16 selection variables.

To select the control group, the user specifies an interval around the treated county’s value
for each variable. This interval is measured in multiples of the standard deviation of that
variable across all counties in the United States. The multiplier can be set the same for
each variable, or it can vary as shall be illustrated in the case studies. The default value is
0.75 standard deviations.

These intervals are the selection criteria. The computer algorithm, programmed in
FORTRAN, tallies how many criteria each of more than 3000 counties meets. In other
words, it determines whether each county’s income proportion or growth rate falls within
the interval around the treated county’s proportion or rate. Then it provides a frequency
distribution for the total number of criteria met by the potential control counties. The user
can select a minimum number of criteria for control group membership, decide to change
some of the intervals based on the empirical results, and make some O?the criteria
necessary conditions for inclusion.

This system can be fully automated or kept interactive. One fully automated version would
require the user to specify the size of the control group and the minimum number of
criteria to be met; the program then would increase the multipliers until the conditions
were satisfied. In either case, the standard deviations, the multipliers, and the minimum
acceptable number of satisfied criteria together determine the control group membership.

Treatment Effects

Treatment effects are measured by the divergence between the treated county’s growth
rates and the control counties’ mean growth rates. These growth rates are calculated from
the last pre-treatment year (base year) to each following year for reasons discussed in
Isserman and Merrifield (1982). The treatment effect in post-treatment year n for income
category i (Tjp) is the difference between the treated county growth rate (rjt) and the mean
control county rate (r*jc) multiplied by the base year level Ejp:

Tin = (tit-t*ic) Eib.

Treatment effects are measured for each post-treatment year for each sector, as well as
total income, population, per capita income, and the three income sources noted
previously. Thus, the method traces out the time pattern of treatment effects by sector. It
distjnguishes empirically between treatment effects during construction and subsequent
periods.



Residential adjustment is handled differently than the other income sectors when
measuring treatment effects. The BEA data differentiate between total earned income and
total income for each county. Earned income is the sum of wages and salaries plus
proprietors income originating in each sector of the county economy. Part of that income is
earned by people who live outside the county and, thus, leaks out of the county. Likewise,
income earned by people who live in the county but work outside seeps into the county.
The net effect of this commuters’ income is the residential adjustment. To calculate total
income, the BEA begins with earned income, makes the residential adjustment, adds in
dividends, interest, rent, and transfer income, and subtracts social security payments that
were already included in earned income.

Residential adjustment takes on negative values for all counties that on balance have a net
outflow of commuters’ income. This property creates a problem when doing the impact
calculations because the growth rate of a negative number is nonsense. A residential
adjustment of -$1 million in one year and +$2 million the next implies a rate of change of -
300%, although income actually increased. A decline from -$1 million to -$2 million yields
a rate of +100%.

Because of this problem, the treatment effect on residential adjustment is calculated using
changes in its share of earned income. The procedure assumes that, had there been no
treatment, the treated county’s residential adjustment share would have changed by the
mean change for the control counties. Using S for share, b for the last pre-treatment or
base year, n for the treatment year, and * for the control group mean,

* *
Sn=Sp+ (S nS bve

This hypothetical share must be multiplied by the hypothetical earned income to yield the
hypothetical residential adjustment. The hypothetical earned income is the actual earned
income (Ep) minus the sum of the treatment effects on each of its components, j.
Subtracting the hypothetical residential adjustment from the actual one (Ryp) yields the
treatment effect on residential adjustment (TRp). Thus, the residential adjustment
treatment effect is:

TRn = Rp - Sn (En-Tjn).

The logic is the same as for the other sources of income. What happened in the control
counties is used to estimate what would have happened in the treatment counties. The
difference is the treatment effect.

Pre-tests and Post-tests

The distribution of growth rates in the pre-treatment period provides a way to evaluate the
control group and test explicitly the theory implied by the selection variables. For each
income category, the treated county rate can be compared to the control group rates. If the
treated county rate falls outside or at the extreme of the distribution of control county
rates, the control group fails the pre-test for that income category. The same test is used
for residential adjustment, but the change in residential adjustment’s share is examined
instead of its growth rate.

When a control group fails a pre-test, the choice of selection variables and multipliers
evidently has not screened out places different from the treated county. Tightening
muitipliers for sectors related to the failed one, adding additional variables, or making
certain sector criteria binding might produce a better control group.



A statistically significant treatment effect occurs when the treated county growth rate (or
residential adjustment share) moves from within the control distribution during the pre-
treatment period to outside the control distribution for a post-treatment period. Figure 1
illustrates this case. The treated county was like the control counties initially but became
different.

The identical statistical test is used for both the pre- and post-tests. Assume that the
underlying distributions are normal, and take as the null hypothesis that the treated county
growth rate came from the same distribution as the control county rates. If the null
hypothesis is correct, there is a 90% probability that the treated county rate is within 1.96
standard deviations of the control counties’ mean rate. When that is the case, the null
hypothesis is accepted and the control group passes the pre-test for that sector.

For the post-test, the null hypothesis again is that the treated county rate came from the
control group distribution. If the rate again falls within the 90% interval, the null
hypothesis is accepted and the treatment effect is not statistically significant. Note the
asymmetry. When the treated county rate is within the control distribution, the pre-test for
similarity is passed but the post-test for divergence is failed. The two tests together identify
statistically significant treatment effects through pre-treatment similarity and post-
treatment divergence.

The statistical test is weak. There is only one treated county in each study, so the test relies
on a single distribution of growth rates. The chance of a Type Il error, i.e., incorrectly
accepting the null hypothesis, is high. For perspective, consider the more common
statistical test where the means of two distributions are being compared, say, from a group
of treated counties and a group of control counties. A statistically significant difference of
means can occur even when the treated group mean falls within the 90th percentile of the
control group’s rates. Thus, a given growth rate value may be statistically significant when
it is a treated group mean but not when it is a single treatment observation.

In short, the test used here may not recognize as statistically significant a value which
would be statistically significant if it could be replicated in additional treatment counties.
Unfortunately many treatments of interest to regional economic research do not occur
more than once, twice, or a handful of times in a given year. Frequent occurrences would
make possible tests with greater statistical power. Statistical power, the normality
assumption, and related points are discussed in the concluding section.

APPLICATIONS AND RESULTS

The three case studies illustrate the use of the method and identify methodological
problems and issues meriting further attention.

The Nuclear Power Plant

The construction permit for the nuclear power plant in Nemaha County, Nebraska, was
issued June 4, 1968, and operations commenced July 1, 1974. Located along the Missouri
River in the southeastern corner of Nebraska, Nemaha had a population of 8,600 in 1967.
Farming plus dividends, interest, and rent accounted for almost half its total income.

Several possible treatment effects can be anticipated. The construction effect should run
from 1968 through 1974 and perhaps spill over to retail trade, services, and rent. Tax
revenues generated by the power plant might lead to increases in local government
expenditure through the provision of additional services. Lower tax rates and more
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