Higher Education and Employment:
An Examination of how Support for Higher Education Can Improve
Long-Term Economic Performance

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor of
Philosophy at George Mason University

By

Bradford M. Keller
Masters of Public Policy
Duke University, 2000
Bachelor of Arts in Political Science
West Virginia University, 1998

Director: Stephen Fuller, University Professor
School of Public Policy

Spring Semester 2010
George Mason University
Fairfax, VA

DEDICATION

This is dedicated to all those who encouraged me to undertake this endeavor, and who
supported me through the past five years.
Of course, a special dedication is reserved for my loving wife Alexandra, who sacrificed,
supported, and assisted for many years. Without her, this work would not have taken place.

ii

ACKNOWLEDGEMENTS

I would like to thank the members of my dissertation committee for their assistance as I
formulated this research, carried it out, and documented it. Their guidance was invaluable. Dr.
Fuller helped me decide on a topic and guided me through the entire process with patience,
knowledge, and encouragement. Dr. Armor spent countless hours working through
methodological issues with me to ensure that my analysis was rigorous and meaningful. And,
Dr. Hackler provided important insight from outside of my discipline. Her perspective helped
strengthen my work.
I would also like to thank all of the other faculty and staff at the School of Public Policy
for their commitment to students and to scholarship. I would especially like to thank Beth Eck
for her timely and dependable responses to inquiries over the past five years which helped me
successfully navigate through all of the requirements to completion of my degree.
Finally, I would like to thank all of my colleagues at Westat, for their support and
flexibility as I pursued this degree. I especially appreciate the encouragement and cooperation
from my supervisor, Patty Troppe, who helped me every step of the way.

iii

TABLE OF CONTENTS

Page
LIST OF TABLES .......................................................................................................................... vi
LIST OF FIGURES........................................................................................................................viii
ABSTRACT .................................................................................................................................. ix
CHAPTER I INTRODUCTION ......................................................................................................... 1
The Focus of this Dissertation.................................................................................................. 1
Research Questions................................................................................................................. 3
Research Methodology ........................................................................................................... 4
Scope of the Dissertation ........................................................................................................ 6
Expected Findings ................................................................................................................... 7
CHAPTER II A HISTORY OF RESEARCH ON THE ECONOMIC EFFECTS OF HIGHER EDUCATION ....... 9
The Benefits of Education ....................................................................................................... 9
Traditional Methods of Research into the Economic Effects of Higher Education ................... 14
A New Approach to Measuring Higher Education’s Effect on Economies ............................... 22
Building on that New Approach ............................................................................................. 28
Summary .............................................................................................................................. 29
CHAPTER III METHODOLOGY ..................................................................................................... 31
The Regression Model ........................................................................................................... 35
Summary and Next Steps ...................................................................................................... 69
CHAPTER IV ANALYSIS AND RESULTS ......................................................................................... 71
Fitting the Model for the Main Analysis ................................................................................. 71
Interpreting the Results of the Main Analysis ........................................................................ 84
Fitting the Model for the MSA Subanalysis ............................................................................ 88
iv

Interpreting the Results of the MSA Subanalysis Analysis ...................................................... 95
Summary and Next Steps ...................................................................................................... 98
Chapter V CONCLUSIONS, IMPLICATIONS AND FUTURE INQUIRY ............................................ 100
Conclusions from this Research ........................................................................................... 100
Policy Implications of this Dissertation ................................................................................ 112
Areas for Future Research ................................................................................................... 114
WORKS CITED ......................................................................................................................... 229

v

LIST OF TABLES

Page
Table 2-1.

Summary of major analyses on the rate of return on higher education ........... 16

Table 2-2.

Summary of major growth accounting analyses .............................................. 19

Table 2-3.

Comparison of (recent and forthcoming) research on the economic
effects of higher education that use the new approach outlined in this
dissertation..................................................................................................... 30

Table 3-1.

Summary statistics on the continuous variables used in this dissertation ........ 33

Table 3-2.

Summary statistics on the indicator variables used in this dissertation ............ 34

Table 3-3.

Institutions of higher education in the IPEDS database, by level and
control, 2006-07 school year ........................................................................... 39

Table 3-4.

Degree-granting institutions of higher education in the IPEDS database,
by level and control, 2006-07 school year ....................................................... 39

Table 3-5.

Additional IHEs removed from the IPEDS database of public, degreegranting institutions of higher education, 2006-07 school year ....................... 40

Table 3-6.

NAICS classification system hierarchy.............................................................. 51

Table 4-1.

Summary of the results from model M-1......................................................... 73

Table 4-2.

Summary of the results from model M-2......................................................... 76

Table 4-3.

Significant beta coefficients and differences between models M-2 and
V-1 .................................................................................................................. 79

Table 4-4.

Summary of the final model in the main analysis (M-3) ................................... 85

Table 4-5.

Summary of the results from model S-1 .......................................................... 90

vi

Table 4-6.

Summary of the results from model S-2 .......................................................... 93

Table 4-7.

Summary of the final model in the MSA subanalysis (S-3) ............................... 96

Table 5-1.

Comparison of recent research on the economic effects of higher
education...................................................................................................... 106

Table 5-2.

Strengths and weaknesses of traditional research on the economic
effects of higher education ........................................................................... 107

Table 5-3.

Strengths and weaknesses of research on the economic effects of higher
education using the new approach and the method proposed and used
in this dissertation ........................................................................................ 108

vii

LIST OF FIGURES

Page

Figure 3-1.

Plot of industry groups, by the three criteria used to define
“advantageous” industry groups ...................................................................... 56

Figure 3-2.

Plot of geographically-concentrated industry groups, by change in
employment size, pay, and the number of U.S. Census Divisions with
less than 0.05% of that industry group’s workforce .......................................... 57

Figure 3-3.

Histogram of the dependent variable “Percent Advantageous,” by
county ............................................................................................................. 60

Figure 3-4.

Scatterplot of Median Household Income and Percent “Advantageous,”
2005-07 estimates and 2006 data, respectively ................................................ 62

viii

ABSTRACT

HIGHER EDUCATION AND EMPLOYMENT: AN EXAMINATION OF HOW SUPPORT FOR HIGHER
EDUCATION CAN IMPROVE LONG-TERM ECONOMIC PERFORMANCE
Bradford M. Keller, Ph.D.
George Mason University, 2010
Dissertation Director: Dr. Stephen Fuller

This research analyzes higher education’s role in an area’s potential for economic
performance, measured by calculating the percentage of workers that are employed in fastgrowing, high-paying, and geographically representative industries. Measures of higher
education and other variables are analyzed for their relationship with this new measure. Two
factors most closely related to potential for economic performance are education level and the
rate of higher education students to residents. To improve an area’s potential for long-term
economic performance, policies to attract and create highly educated residents are
recommended as is assistance to small- and medium-sized institutions of higher education.

CHAPTER I
INTRODUCTION

This dissertation develops a new approach to measuring the economic impact of
investment in higher education. It builds on previous research to develop a new tool, and tests
that tool using both nationwide and regional data.

The Focus of this Dissertation
Governments must spend resources effectively, to get the most return for their
investments. This is especially true in a recession, when fewer resources are available to invest.
Recession or not, one of the most important investments a government can make is to stimulate
and support the economic development of its jurisdiction. Unfortunately, policymakers often
do not have adequate tools to evaluate the long-term economic effects of different investment
options. While this is the case for many investment options, this dissertation will focus
specifically on investment in higher education.
Previous research shows that people with more education tend to have higher earnings
and greater employment options. In addition, geographic areas with higher overall education
levels tend to experience more significant and sustained economic growth than areas with
residents of lower education levels. Also, regions with higher levels of education tend to
experience lower crime and fertility rates, and better overall health.
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Because the positive effects of education are well known, the majority of education is
government-funded or -subsidized. But, the specific effects that this funding and subsidization
has on an area’s economic performance are poorly understood. While increases in education
are linked to positive outcomes, there is less agreement about which policy options can bring
about these positive effects.
Most prior research on the effects of investment in education has focused on three
traditional areas. First, investments in education have been compared to their outputs, to
calculate a rate of return on those investments. These rates of return can be calculated for both
individuals and for society as a whole. A second traditional method, called growth accounting,
measures an area’s overall growth, and determines which percentage of that growth is
attributable to education. The final of these traditional methods, economic impact studies,
measures the impact of education spending at specific education institutions.
A new avenue of research into this question has emerged in recent years, however. This
new line of inquiry attempts to measure the current economic performance of regions as a
function of higher education inputs and outcomes. This dissertation will build on that new
approach, but instead of measuring current economic performance, it will measure potential for
long-term economic performance. The research will help policymakers better understand how
investment in higher education can affect an area’s potential for future growth, and allow them
to make more informed decisions when attempting to develop their economies.
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Research Questions
To organize the research described above, five research questions will be answered in
this dissertation. They are listed and explained below.

1. How have the economic effects of higher education been measured in the past?
The traditional paths of inquiry into higher education’s effects on the economy will be
described. These methods to quantify the economic benefit of higher education include rates of
return, growth accounting, and economic impact studies. This discussion will explain the leading
methods in this field, and describe how they are used.

2. What are the strengths and weaknesses of these traditional techniques?
The strengths of each of the three traditional methods will be described, as well as their
weaknesses. In addition, questions that can and cannot be answered by these techniques will
be examined.

3. How does a recent set of new study designs avoid the problems inherent in the traditional
research methods?
New studies of higher education’s economic effects will be examined and contrasted
with traditional measures. The strengths and weaknesses of this new approach will be
described. Also, the types of questions that can and cannot be answered by this approach will
be examined.
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4. How could additional refinements be made to improve upon these new studies?
The dissertation will include a detailed account of how the approach in these new
studies could be improved. In addition, a matrix will be developed to compare the new studies
to a method proposed in this dissertation. The data sources and variables used in this
dissertation, as well as the analysis methods applied, will be described. Both county- and
metropolitan-level data will be analyzed with this new method.

5. How well does the method proposed in this dissertation both address the methodological
shortcomings of the traditional studies and build upon the strengths of the new study
designs?
The matrix described above will be used as a scorecard to determine how the method
proposed in this dissertation addresses the shortcomings of the traditional methods and builds
on the strengths of the new study designs. In addition, areas of weakness in this proposed
methodology will be examined.

Research Methodology
This research will use a regression equation to measure how investments in higher
education are related to a county’s potential for economic growth. The model will then be
validated by using a more traditional economic indicator, median household income, as the
dependent variable. This validation analysis will measure current economic activity rather than
potential for future growth. Finally, the model will be tested again, this time using data from
large metropolitan statistical areas (MSAs).
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Many independent variables will be measures in this analysis. But measures of
investment in higher education will serve as the independent variables of primary interest in the
model because they are ones that could be affected by higher education policy. These
measures of primary interest include 1) the population’s education level; 2) R&D spending at
public, degree-granting institutions of higher education (IHEs) in the county; 3) the size of the
student populations at public, degree-granting 2-year IHEs and at public, degree-granting 4-year
IHEs in the county; and 4) a measure of state funding for higher education, adjusted to the
county’s student population. In addition, other variables will be added to the equation, to
control for the influences of factors outside the scope of this dissertation. These additional
independent variables include student populations at private, degree-granting 2-year IHEs and
at private, degree-granting 4-year IHEs in the county; R&D spending at private, degree-granting
IHEs in the county; unemployment; population density; racial makeup; geography; and median
household income. Inclusion of these variables will help reduce the possibility of drawing
conclusions from spurious relationships.
The dependent variable, potential for long-term economic growth, will be measured
using a new indicator: the percentage of the workforce employed in “advantageous” industries.
“Advantageous” industries will be identified as those with above-average growth in the size of
their workforce, above-average pay, and relatively wide geographic distribution. This definition
is designed to identify job types that represent advanced economies. Then, the percent of the
workforce in each county employed in these “advantageous” industry groups will be
determined. That percentage will serve as the dependent variable in the model.
In addition to using the regression analysis as described above, it will also be run using a
more traditional measure of economic performance as the dependent variables, and similarities
5

and differences between the models will be noted. The model will then also be run using data
from only the ten largest Metropolitan Statistical Areas (MSAs) in the nation, to determine if
regional variation might have been obscured in the national study of counties.

Scope of the Dissertation
This chapter serves an introduction to the topic and the methods to be used in the
dissertation.
Chapter II presents a review of the relevant literature and previous research on this
topic. Attention will be paid to the traditional approaches to measuring higher education’s
effect on economies and the new approaches to this topic. For both of these approaches, the
methodologies will be explained and their findings, strengths, and weaknesses will be examined.
The results of that review will provide the framework for the research contained in this
dissertation.
Chapter III will be a methodology chapter. It will describe the data to be used in this
dissertation, as well as the regression model to be employed. It will specify the sources of data,
why they were chosen, and what transformations were performed to format them for the
analysis. It will also explain how the main analysis, the validation analysis, and the MSA
subanalysis are designed.
Chapter IV will describe how the regression model is applied, with attention paid to
refinements that are required after initial runs. This chapter will recount the progression of
iterations that the model undergos, will detail its final form, and will present findings from the
main analysis. It will also contain an account of how the validation analysis and the MSA
subanalysis are conducted, and will present findings from those analyses.
6

Chapter V will answer the research questions posed in this chapter. In addition, it will
draw conclusions from the findings presented in Chapter IV. This final chapter will also outline
public policy implications from this research, and describe possible avenues for future analysis.

Expected Findings
This dissertation will identify traditional measures of the economic benefit of higher
education (rate of return studies, growth accounting and economic impact studies) and outline
their strengths and weaknesses. Research will likely show that the strength of these types of
analyses lies in the fact that they provide some quantitative answers to the questions they ask.
But, their collective weakness is likely to be that the questions they answer do not provide a full
account of how investment in higher education can poise an economy for future growth.
The new method proposed and developed in this dissertation will build upon recent
research and will address that limitation, by comparing investment in higher education to
advantageous employment profiles. Using advantageous employment profiles as the measure
of success for higher education addresses a major drawback of earlier studies on the economic
effect of higher education investment – measuring how such investment can affect long-term
economic growth potential.
Using this new method, different measures of investment in higher education are likely
to be strongly associated with advantageous employment profiles. The level of research
spending and student population size at different types of public, degree-granting IHEs are likely
to be less important factors to an advantageous employment profile than the percent of
residents with high levels of education and state support for higher education. This is the case
because the education level of the residents is likely a rough measure of the education level of
7

the workforce, and a highly-educated workforce is more likely to be employed in advantageous
industry groups than a less-educated workforce. In addition, adjusted state funding of higher
education is likely to positively impact an area’s employment profile since it could be deemed a
proxy for overall attitude and support for higher education. The other two measures (research
spending at public, degree-granting IHEs and student population size at public, degree-granting
IHEs) are indicators of the area’s focus on institutions, not workers, and thus are probably not as
highly related to an advantageous local employment profile.
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CHAPTER II
A HISTORY OF RESEARCH ON THE ECONOMIC EFFECTS
OF HIGHER EDUCATION

Research on the economic effects of higher education tends to fall into two categories.
The first category can be referred to as the “traditional” method, and is largely comprised of
rates-of-return analyses, growth accounting, and economic impact studies. The second
category, referred to here as the “new approach,” contains research that attempts to link higher
education factors to the economic performance of regions.
This chapter describes both categories of research on the economic effects of higher
education, and explores their strengths and weaknesses. In addition, it explains how this
dissertation builds upon the second category (the “new approach”), to measure an area’s
potential for sustaining a high-performing economy.

The Benefits of Education

Overall benefits of education
There is little doubt that education generally pays off. Growth accounting, which is
explained in detail later in this chapter, concludes that up to half of our nation’s recent
economic growth has been due to increases in the population’s education (Plant and Welch
1984). Many argue that part of this effect is because people with more education are more
9

productive (Kendrick 1961; Pencavel 1993; Solmon and Fagnano 1993). In his research, Cappelli
(2004) concluded that employers were willing to subsidize their employee’s education, up to
$3,900 a year, because more highly-educated employees are generally more productive than
other employees, allowing employers to easily recoup their costs.
Because of this increased productivity, people with more education tend to also have
higher earnings (Weisbrod 1962). For example, an analysis of 1990 Census data found that male
college graduates earned 62 percent more than male high school graduates. For females, the
earnings premium was 64 percent (Pencavel 1993). There is also evidence that people with
greater levels of education have wider employment options than their lesser-educated peers,
and they are also more adaptable to technological change (Weisbrod 1962; Blundell et al. 1999).
For example, one analysis concluded that, among those unemployed for over 8 weeks in the
previous year, a college diploma increased the likelihood of full-time employment by more than
40 percentage points (Riddell and Song 2009).
In addition, as overall education level increases, society tends to benefit in other ways.
A more-educated population tends to exercise more civic responsibility, as shown by voting
patterns. In the 2004 U.S. presidential election, 76 percent of college graduates between the
ages of 25 and 44 voted, while only 48 percent of high school graduates in that age group voted
(Baum and Payea 2005). In addition, those with a college degree tend to be healthier. In 2003,
26 percent of college-educated adults had two or more risk factors for heart disease, while 44
percent of high school graduates and 53 percent of those with no high school diploma had a
similar risk profile (Baum and Payea 2005). There is also research that links increases in
education to decreases in the probability of imprisonment by about 0.1 percentage points for
whites and 0.3 to 0.5 percentage points for blacks (Lochner and Moretti 2004).
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Research has also noted a link between education and economic growth, although in
some cases, the effect is small. Becker (1993) notes Denison’s (1985) conclusion that roughly 25
percent of U.S. income growth between 1929 and 1982 was due to increases in the education of
our workforce. In addition, there is evidence that education plays a major role in the rate at
which countries develop. Baumol et al. (1989) assert that countries with similar education levels
converge economically, but continue to lag behind countries with higher education levels. They
note that, controlling for population growth and starting GPD, a 10 percent higher rate of
enrollment in higher education in 1962 translated to an increase of 0.22 percent in a country’s
annual real GDP growth rate from 1960 to 1981.
There is even evidence that in America’s largest metropolitan areas, income and income
growth is significantly related to education levels. Gottlieb and Fogarty (2003) concluded that in
these large metropolitan statistical areas (MSAs) a one-point increase in the percent of residents
with bachelor’s degrees was associated with an increase of 0.04 percent in the employment and
income growth rates. While they concede that this effect is small, it is one that can be affected
by policy changes.

Economic benefits of higher education
Higher education, generally defined as instruction beyond high school, can help improve
an economy in several ways. The most obvious method is by teaching students, which can
increase graduates’ pay (Hoenack 1993; Baum and Payea 2005) by making them more desirable
to, and sought-after by, employers. Psacharopoulos (1980) makes a slightly different argument,
that employers use education level to serve as a proxy for potential employees’ productivity. He
points to data from the United Kingdom in 1975 that shows employees with degrees made, on
11

average, 9 percent higher salaries than those without degrees when hired. This disparity
exacerbates as employers get to know their employees. Psacharopoulos points out that
employees with degrees made twice as much as their non-degreed counterparts, when both
were mid-career workers.
An economy with a more-educated workforce also tends to be more competitive. At
the turn of this century, about 60 percent of jobs required at least some college, compared to
about 20 percent 40 years earlier (Carnevale and Desrochers 2002). In addition, workers with
higher education degrees tend to be better prepared than others to adapt to shifts in
technology, further improving the regional economy’s competitiveness (Schultz 1961a; Pencavel
1993). One examination compared firms’ share of cost attributed to labor with at least 13 years
of education to the age of their equipment. The analysis found that firms with newer
equipment (thus, generally more technologically-advanced equipment) spent a larger share of
their budgets on these higher-educated employees (Bartel and Lichtenberg 1987). These
benefits of educating students work together to improve economies with higher numbers of
graduates.
Higher education can also improve a region’s economy by producing and disseminating
knowledge and technological breakthroughs, and by helping to foster clusters of innovative
activity. Such activities can facilitate innovation spillovers and technology transfer (Hoenack
1993; Jones and Vedlitz 1993; Youtie and Shapira 2008). One researcher concluded that
university research had a positive effect on private research and development (R&D) (Jaffe
1989). Another found that university research was a significant and positive predictor of
clustered innovative industries. The 0.119 coefficient was not as high as industry R&D (0.572) or
skilled labor (0.687) but was still considered an important factor in predicting innovation clusters
12

(Audretsch and Feldman 1996). This innovation and diffusion of knowledge is closely linked to
increasing standards of living (Weisbrod 1962; Hoenack 1993; Jones and Vedlitz 1993; Pencavel
1993).
Finally, higher education can affect an economy by stimulating spending, just as other
government-sponsored enterprises do. In addition to the main effect of injecting money into
the regional economy, such spending can spur new business formation. Jones and Vedlitz
(1993) concluded that states that spent more on higher education also tended to create more
new jobs. Specifically, they found that state higher education spending had a significant
coefficient of 0.1479 on the number of new businesses created between 1979 and 1984.

The need for additional research
The economic and social effects of education detailed above, and other benefits of an
educated population, are generally accepted. Because of this, the majority of education is
government funded (Jones and Vedlitz 1993). In America, state and local governments are the
primary source of funding for primary and secondary education (grades K-12). Higher
education, on the other hand, is funded generally by the states, although a good number of
privately-funded and -run institutions do exist. In recent years, however, state funding for
higher education has declined. Between 1979 and 2004, state appropriations for higher
education dropped 36 percent. At the same time, enrollment in public institutions of higher
education (IHEs) increased by 30 percent (Rosenstone 2004). One analysis estimates that in
1974, state appropriations covered 78 percent of the cost of higher education. But by 2000,
only 43 percent of higher education costs were covered by state funding (Rizzo 2004). Because
of these trends, research into the full benefits of higher education is warranted, so that
13

policymakers can understand the implications of rising enrollment and decreasing support. This
dissertation will focus only on the economic benefits of higher education, in an attempt to
better understand that relationship.

Traditional Methods of Research into the Economic Effects of Higher Education
Several methods have been developed in recent decades to quantify the effects of
higher education and provide support for the assertions above. The most prominent of these
“traditional” methods are described below, with attention paid to their approach, methods,
general findings, strengths, and weaknesses.

Rates of return
One method to measure education’s economic effects has been to calculate the rate of
return for investment in different levels of education. Some notable uses of this method include
Hansen (1963), Becker (1964), Carnoy and Marenbach (1975), and Psacharopoulos and
Woodhall (1985). This method measures earnings of people with specific levels of education,
and compares those increased earnings to the costs of attaining that education level (Pencavel
1993). Rate of return studies are based on the theory that differentials in earnings are proxies
for differences in productivity (Psacharopoulos and Woodhall 1985; Siegfried, Sanderson, and
McHenry 2007). And, because these differentials are assumed to be cumulative, lifetime
earnings differentials are calculated, rather than earnings snapshots at specific times (Becker
1993).
Researchers attempting to compare the costs of higher education to its benefits can
calculate two different types of benefits: those for the student, called private benefits, and
14

those for everyone else, termed public benefits (Psacharopoulos and Woodhall 1985).
Generally, research has found a private rate of return for higher education of 10 to 15 percent
on the investment made (Cohn and Geske 1990; Becker 1993). Similarly, research on social
benefits of higher education generally finds rates of return of 11 to 13 percent on the public
investment made to higher education (Leslie and Brinkman 1988; Cohn and Geske 1990).
As often is found with all forms of education, private rates of return on higher education
tend to be greater than public rates of return. In addition, research on the rates of return on
higher education suggests that public rates of return for higher education are less than for lower
levels of education, but generally higher than many public rates for physical capital investment
(Psacharopoulos and Woodhall 1985; Becker and Lewis 1993).
Table 2-1 below lists the findings from the seminal works in the field listed at the
beginning of this section. In addition, Leslie and Brinkman (1988) performed a meta-analysis of
35 research papers on rates of return to education from 1963 and 1982. These papers used
data from 1932 to 1982. The meta-analysis found that the private rate of return on higher
education was 11.8 to 13.4 percent. The social rate of return for higher education was 11.6 to
12.1 percent.
Because similar benefits can be calculated for other types of investment, a strength of
rate of return analysis is that it describes a benefit relative to its cost. And, the benefits of
higher education (relative to the cost of the investment) can be compared to the benefits of
other types of investment (relative to their own costs). Such an analysis allows researchers to
create a hierarchy of benefits relative to costs, for different investment options.
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Table 2-1.

Summary of major analyses on the rate of return on higher education

Author(s)

Data year(s)

Notes

Hansen (1963)

1949

Only included
males at age 18

Becker (1964)

1939
1949
1956
1958
1939
1949
1959
1969
1968

Carnoy and
Marenbach (1975)

Psacharopoulos
and Woodhall
(1985)

1981

Only included
white males

Data from
Kenya
Data for males
in state schools
in Tanzania
Data for
females in
state schools in
Tanzania

Private rate of
return
10.2%
14.5%
13%
12.4%
14.8%
21.4%
13.2%
17.6%
15.4%

Public rate of
return

10.7%
10.6%
11.3%
10.9%
9%

7.6%

16.1%

While research into the rates of return on investment in higher education does provide
a benchmark against which other types of investment can be measured, there are several
weaknesses with this method. One problem arises because complete benefits and costs can be
estimated with a wide range of accuracy. For example, some argue that costs are often
overstated, while benefits, like decreasing crime and welfare, and increased spillovers and
technological innovation, are not fully included. Because of these limitations, critics contend,
such work often understates the true rate of return on education investment (Leslie and
Brinkman 1988; Hoenack 1993). Some researchers, however, like Acemoglu and Angrist (1999)
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and Moretti (2004) have attempted to capture social rates of return, largely by measuring
increases in wages of people other than the students.
Another criticism is that actual costs and benefits are often calculated from government
data, but perceived costs and benefits are more likely to actually affect peoples’ choices to
pursue additional education (Menon 2008). But some research, like Psacharopoulos and Sanyal
(1981) and Williams and Gordon (1981), do attempt to calculate perceived rates of return. A
different issue is that investment in education likely displaces consumption, not other types of
investment. So, increases in education investment, these critics argue, don’t necessarily
decrease the potential for investment in other sources of growth (Miller 1967; Cohn and Geske
1990). Another concern centers on the fact that rates of return differ by field of study, which
can each have different incentive structures. Analyzing all fields together can obscure these
differences (Berger 1988; 1992). Finally, some argue that rate of return analyses generally make
no allowance for different levels of quality in higher education (Becker and Lewis 1993).

Growth accounting
Another traditional method to quantify the effects of higher education is growth
accounting. This method has notably been used by Schultz (1961b) and Denison (1962; 1967).
The main proposition of growth accounting is that aggregate economic growth can be
measured, and that certain portions of that growth can be attributed to changes in capital
investment and changes in labor. The residual, growth accounting advocates argue, can be
attributed to education. And notably for the topic of this research, a portion of that education
residual can be attributed specifically to higher education (Denison 1967; Dean 1984;
Psacharopoulos and Woodhall 1985; Leslie and Brinkman 1988; Becker and Lewis 1993; Hoenack
17

1993). Growth accounting advocates also contend that some of the gains in labor productivity
can also be attributed to education (Haveman and Wolfe 1984; Leslie and Brinkman 1988).
Growth accounting research has concluded that education is an important component
of the quality of labor (Denison 1967; Jorgenson 1984). In fact, Psacharopoulos (1985)
concluded that increases in the education of the nations’ labor forces explained a substantial
portion of output growth in developing and developed countries since 1950. Research has
concluded that in America, between 15 and 20 percent of recent national economic output is
due to education (Leslie and Brinkman 1988; Aschauer 1989; Becker and Lewis 1993). And, it
has been estimated that about a quarter of that 15 to 20 percent is from higher education
(Leslie and Brinkman 1988).
Table 2-2 provides the results of the major growth accounting research noted at the
beginning of this section.1 In addition, Leslie and Brinkman (1988) conducted a meta-analysis of
growth accounting research, using 10 papers from between 1962 and 1983. Those papers
analyzed data from 1929 to 1981. The meta-analysis concluded that 15-20 percent of national
income growth was from education, and another 20-40 percent was from increases in
knowledge and the application of knowledge.

1

Krueger (1968) made a significant contribution to this field, but is not included in the table, because her
work differs slightly from the others listed in Table 2-2. Rather than calculating the percent of growth in
an economy due to education, she attributed the gap between U.S. GDP and that of other countries to
different factors, including education. Using 1959 U.S. data and 1963 U.N. figures, her conclusions ranged
from the assertion that only 3.7 percent of Japan’s gap was due to education, while 33.2 percent of Iran’s
gap was due to education. In general, she argued, education was the major contributor to these
countries’ GDP.
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Table 2-2.

Summary of major growth accounting analyses

Author

Data years

Notes

Schultz (1961b)

1929-1957

Denison (1962)

1929-1957

Denison (1967)

1950-1962

Examined GDP
growth, labor force
growth and spending
on education
Researched the
relationship between
education and labor
output
Compared the
contribution of
education to national
growth of the U.S.
and Western Europe

1950-1955
1955-1962

Percent of growth
due to education
9-17%

23%

15% US; 5% NW Eur
11% US; 4% NW Eur
17% US; 6% NW Eur

One strength of growth accounting research is that by measuring the residual as the
effect of education, questions about the specific inclusion or exclusion of various factors are
avoided. In addition, these analyses allow for long-term examinations of education’s effects on
economic performance, without the need for detailed historical data.
But, the simplicity of growth accounting is also its biggest weakness. Growth accounting
assumes that the residual is due to education differences, but does not provide a method for
describing how those education differences caused that residual. Researchers assume that
earnings differentials result from productivity differentials (Psacharopoulos and Woodhall 1985;
Becker and Lewis 1993), but some research suggests that because of market imperfections, this
may not necessarily be the case (Weisbrod 1962). In addition, some argue that growth
accounting underestimates the effect education has on national growth because it fails to
account for indirect education benefits, like longevity and better overall health (Hicks 1980).
Finally, growth accounting generally does not allow for the opportunity costs of education.
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Plant and Welch (1984) argue that allowances for forgone alternatives to education investment
would decrease education’s overall contribution to growth. Overall, these criticisms stem from
the fact that growth accounting is necessarily a negative approach to quantifying education’s
economic benefits; it quantifies growth due to capital and labor changes, and attributes the rest
to education.

Economic impact studies
Another traditional type of research on higher education’s effects is the economic
impact study. Building on economic base theory, this type of inquiry examines how spending by
IHEs constitutes new money into the economy (Leslie and Slaughter 1992). These studies
became popular after Caffrey and Isaacs (1971) developed a formal method for conducting this
type of analysis (Brown and Heaney 1997; Blackwell, Cobb, and Weinberg 2002). Using a 6college consortium in southern California for data, Caffrey and Isaacs examined the complex
relationships between the schools as a corporation, their employees and students, visitors to
the colleges, and local economies. The goal of their research was to create a model economic
impact study that could be applied by others to whatever schools they want. The Caffrey and
Isaacs model excludes factors like outside funding for colleges and long-term economic effects
that IHEs have on local economies. Regardless, it served its purpose and became the model for
many future economic impact studies (Schuyler 1997).
Economic impact studies have generally found a low multiplier effect of spending by
IHEs (Leslie and Slaughter 1992). But, there is evidence that they do benefit local economies
(Leslie and Brinkman 1988). The strength of economic impact studies lies in the fact that they
can provide usable data about a specific IHE’s impact on a local or regional economy. Leslie and
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Brinkman (1988) performed a meta-analysis on 39 economic impact studies, from between 1973
and 1985, which used data from 1972 to 1984. Their analysis concluded that for every dollar of
an IHE’s operating budget, $1.50 to $1.60 went into the local economy. 2
But, as with all economic impact studies, those examining the impact of IHEs have
several drawbacks. First, they generally only examine direct and indirect economic activity of
higher education spending. Often, no allowance is made for the fact that the output of higher
education (educated people) can also have additional effects on the economy. But some recent
research, like Felsenstein (1996) has attempted to do just that, with limited success. And when
such allowances are made, the income growth rate is often equalized across all earners,
regardless of likely differences in productivity (Beck et al. 1995). In addition, most economic
impact studies that consider the effect of graduates do no account for their migration, which
tends to increase as their education level grows (Brown and Heaney 1997). One exception is
Blackwell et al. (2002), who attempted to measure graduates’ location decisions.
Also, it is difficult to generalize results from economic impact studies, since all local
economies differ. Finally, it is challenging to compare an economic impact study with the
counterfactual – the absence of the studied IHE (Leslie and Slaughter 1992; Smith and
Drabenstott 1992; Beck et al. 1995; Siegfried, Sanderson, and McHenry 2007).
One type of economic impact study specifically examines research funding at IHEs. This
type of examination often uses an input/output model. Goodman and Weiler (1992) is an
example of such research. Their analysis of R&D spending concluded that every Federal dollar
2

Because IHEs and local economies vary widely, economic impact studies of different locations are not
always comparable. Because of this fact, a table of the findings from major economic impact studies is
not provided. However, Leslie and Brinkman (1988) can be consulted for a thorough examination of some
of these analyses.
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invested in research generates $2.50 worth of economic activity in the economy. Most of these
analyses focus on technology transfer, which is the diffusion of research at these institutions
into the marketplace (Leslie and Slaughter 1992). Technology transfer exists when findings from
basic research are commercialized when they would not have otherwise been, and when
industry has a need for such basic research (Becker and Lewis 1992). But often, both of these
conditions are not met and the basic research performed at IHEs is not commercialized
(Hoenack 1993).
As with economic impact studies overall, there are several weaknesses of these studies.
First, higher education only performs a portion of the research in a given region, but these
studies generally do not account for non-higher-education research. Also, the nature of
research (e.g., lags between findings and implementation, infrequent acceptance of basic
research into the marketplace) makes it difficult to adequately measure the true effect of
research investment (McMahon 1993). Finally, although some studies demonstrate a
correlation between higher education research and concentrations of high tech firms, the
relationship is weak at best (Felsenstein 1996).

A New Approach to Measuring Higher Education’s Effect on Economies

Limitations of the traditional methods
The three traditional methods for measuring the economic effects of higher education
serve their purposes, but also have drawbacks. Rate of return analyses allow for comparisons of
the return on different types of spending, but because they measure the outcome as a function
of the inputs, they provide only relative results. These analyses also allow for comparisons
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between different types of spending, but there is debate on whether spending on education,
which many deem an investment, should be compared to consumption spending. Growth
accounting is useful for long-term studies of large areas. In these broad contexts, growth
accounting can provide information about the effect of a nation’s education levels over many
years. But it has difficulty providing dependable results for smaller areas and shorter time
periods. Finally, economic impact studies have the opposite problem; they generally focus only
on one IHE, or a small group of institutions. They can be useful to measure localized effects of
an institution, but are not designed to address large-scope questions. In addition, there is still
debate about the underlying assumptions and methods used in all three types of research.

A new approach
Because of these limitations, a new approach has been developed over the past several
years. Research from this perspective attempts to measure actual economic performance of
regions as a function of degrees granted, research funding, and other factors. Prominent
examples of this research include Beeson and Montgomery (1990), Gottlieb and Fogarty (2003),
Goldstein and Drucker (2006), and Hill and Lendel (2007). The types of questions these analyses
attempt to answer are larger in scope than those addressed by economic impact studies, but
smaller than those answered by growth accounting. In addition, they do not provide results that
are relative to inputs, like rate of return analysis.
All four of these articles attempt to link economic activity in a geographic region to
higher education factors in that region. Beeson and Montgomery (1990) measured the
relationship between higher education variables and labor factors within several standard
metropolitan statistical areas (SMSAs). Their research is important because it is an early
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attempt to link regional economic performance to higher education characteristics from the
IHEs in each region.
They structured their analysis to measure the effect of higher education through
education and research. To that end, they used the following four variables to measure the
influence of higher education: R&D funding, the number of bachelor’s degrees awarded, the
percent of bachelor’s degrees awarded that are in science and engineering, and the number of
science and engineering programs in the SMSA rated as a top-twenty program. Their measure
of economic effect was a composite variable for employment level, income, employment
growth, and migration. They also incorporated regional characteristics in their model. A
summary of their model can be found in Table 2-3, which is provided at the end of this chapter.
Their analysis did not find a link between higher education factors and overall
employment in the studied SMSAs, but they did detect a relationship between higher education
factors and the composition of the labor force. In their research, factors suggesting a high-tech
focus at institutions of higher education (IHEs) were positively related to the size of the local
high-tech labor force.
Specifically, Beeson and Montgomery found that a one-standard-deviation increase in
R&D spending increased, by 50 percent, their base case worker’s likelihood of being employed
in a high-tech industry. Similarly, a one-standard-deviation increase in the number of bachelor’s
degrees awarded in the SMSA increased, by 17 percent that base case worker’s likelihood of
working in a high-tech industry (1990). But, neither of these effects is as strong as those for tax
variables.
Gottlieb and Fogarty (2003) performed a similar analysis, with research built on the
foundation laid by Beeson and Montgomery. Instead of focusing on employment variables,
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however, Gottlieb and Fogarty linked education variables to actual economic variables in
selected MSAs.
Their analysis focused on the education level of the residents of an MSA, nothing the
percentage of residents with at least a bachelor’s degree in the 75 largest MSAs in 2000. Their
dependent variables were the growth rate in real per-capita income and in employment, from
1980 to 1997. As with the previous of these new approaches, a summary of the Gottlieb and
Fogarty model can be found in Table 2-3.
Their research found that the 10 MSAs with the highest percentage of bachelor’s
degrees in 1980 had a real per-capita income growth of 1.8 percent per year through 1997. The
10 MSAs with the lowest percentage of college graduates in 1980 had a rate of only 0.8 percent.
There was no statistically significant difference in employment growth between the same two
groups of MSAs during that time period.
But, when examining all 276 MSAs using a regression equation, the coefficient for the
percent with a bachelor’s degree was only 0.04 for both income and employment growth. This
effect was much smaller than that of increases in labor force participation, which was 0.17 for
income growth and 0.45 for employment growth. But, the coefficient for the percent with a
bachelor’s degree was significant, even when accounting for employment profiles in the MSAs.
The analysis of Goldstein and Drucker (2006) moved the discussion along by examining
both economic and spatial impacts that higher education factors had on selected MSAs. The
rationale for adding spatial impacts to the analysis was that they wanted to determine if IHEs
depended on, or perhaps substituted for, regional agglomeration economies.
Their research used average annual earnings as their dependent variable. Goldstein and
Drucker’s four independent variables were: R&D spending, the number of degrees in science
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and technology fields in the MSA, the ratio of graduate science and technology degrees to all
undergraduate degrees, and the number of patents awarded to IHEs in the MSA. To account for
possible spillover effects, they also included in their model the number of MSAs within 60 miles
of each MSA and the number of graduate-level science degrees awarded within 45 miles of each
MSA. They also used several control variables, including: employment size and structure, an
entrepreneurship variable, a measure of transportation connectivity to other MSAs, a quality of
life measure, and a cost-of-living variable. A summary of their model can be found in Table 2-3.
They concluded that teaching and basic research affected earnings across the studied
regions and that those effects were diffused evenly, and often into neighboring regions. For
example, R&D spending had a coefficient of 0.02, meaning in an average MSA, an increase of
$10 million in annual R&D spending (a 37 percent growth) would increase average earnings only
0.23 percent over 15 years. A much larger significant effect was detected for the ratio of
graduate degrees in science to total degrees (a coefficient of 7.29) and the number of graduate
degrees in science with 45 miles of the MSA (a coefficient of 1.40) (Goldstein and Drucker 2006).
They found a negative effect for the number of science and technology degrees in the region (a
coefficient of -2), perhaps measuring the result of flooding the markets with qualified grads,
which could have decreased wages.
Finally, Hill and Lendel (2007) examined the perceived quality of science and technology
doctoral programs, a concept tentatively explored by Beeson and Montgomery with their
indicator if a program was among the top twenty in the nation. While Goldstein and Drucker
incorporated spatial aspects into their work, Hill and Lendel examined the role that educational
quality played in higher education’s effect on regional economics.
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For their independent variables, they used the employment growth rate and the
percentage increase in per-capita income from 1994 to 2003. The dependent variables were
used in parallel regression models and included measures of quality, from a National Research
Council survey of the reputation of doctoral programs. Like the others, their model is
summarized in Table 2-3.
They concluded that, during an expanding business cycle, MSAs with programs of
perceived high quality experienced more growth in employment and per-capita income than
those with programs perceived as being of lower quality. For example, a one-point increase in
the composite variable based on the total quality of all IHEs in an MSA, employment grew 0.027
percentage points. The same increase in the score of the most reputable doctoral program in
the MSA was associated with a growth in employment of 0.122 percentage points. They noted,
however, that there was a negative relationship between perceived quality and per-capita
income during a recession.
Together, these four works constitute a progression of thought on the relationship
between higher education and regional economic performance. Beeson and Montgomery
noted an initial link between education and employment, with findings that R&D spending and
degrees awarded were positively related to high-tech employment. Gottlieb and Fogarty built
on this basic model but examined higher education’s relationship to income and job growth,
finding a positive relationship between higher education and both income and employment
growth. The last two analyses kept the basic model, created by Beeson and Montgomery and
refined by Gottlieb and Fogarty, largely intact. Their contributions were by adding additional
factors to the research. Goldstein and Drucker examined spatial relationships along with higher
education variables. They conclude that graduate degrees and R&D spending were positively
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related to earnings and that those effects spilled over to nearby areas. Hill and Lendel added
degree quality to the analysis, concluding that the quality (or perceived quality) of a program, at
least in times of economic expansion, had a positive relationship to per-capita income and
employment growth.

Building on that New Approach
The four works cited above are pioneers in a new approach to examining the link
between higher education and economic development. The research proposed in this
dissertation is an attempt to build on the work of those authors. Specifically, this dissertation
will, like the work of these earlier researchers, examine the link between higher education and
regional economic performance. But instead of measuring economic performance using a
traditional variable, such as per-capita income or income growth, it will examine higher
education’s relationship to a different factor: potential for economic growth.
This dissertation explains how a new measure of potential for economic growth is
developed, using an area’s employment profile. Building on the earliest of the four examples of
this new approach (Beeson and Montgomery) an area’s employment profile will be measured
for the percent of workers who are employed by the most desirable industries. These
“advantageous” industries will be defined as high-paying, fast-growing, and geographically
dispersed throughout the nation. The percent of jobs in a county that are in “advantageous”
industries will serve as a proxy for that county’s potential for future economic performance.
Then measures of higher education, some of which are similar to those used in earlier research,
as well as other measures, will be examined for their relationship to this new type of
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employment profile. In addition to a national analysis, this dissertation will examine the same
phenomenon within the 10 largest metropolitan areas in the United States.

Summary
This chapter explains how two different approaches to measuring the economic impact
of higher education work. Traditional measures (rate-of-return analyses, growth accounting,
and economic impact studies) provide consistent answers to specific questions, but are not
designed to explain how higher education affects a regional economy. On the other hand, a
new approach attempts to link regional economic performance to higher education factors. The
new approach is described by examining four recent analyses. This dissertation will build on the
new approach, but will incorporate several significant modifications.

29

Table 2-3.

Comparison of (recent and forthcoming) research on the economic effects of
higher education that use the new approach outlined in this dissertation
Design factors
Geographic Date of
unit of
data
analysis
used

Major Independent variables
Degrees
considered
when
assessing
educational
attainment
All graduates

Other
variables
evaluated

Beeson and MSA
Montgomery
(1990)

1980

Gottlieb and 267 largest
Fogarty
MSAs
(2003)

1980 and All graduates
1990s
as of 1980

N/A

Goldstein
MSA
and Drucker
(2006)

19862001

Spatial
variables,
number of
patents
assigned to
IHEs, total
research
expenditures

Hill and
MSA
Lendel (2007)

19942003

Keller (2010) Counties in 2003the 50 states 2007
with over
20,000
residents,
and an MSA
subanalysis

R&D funding

Science and
technology
degrees, and
ratio of
graduate
degrees in
science and
technology to
all degrees
Graduates with
science and
technology
degrees

Findings

Income,
R&D and degrees
employment, are positively
and migration related to hightech employment
Income and Positive
employment relationship
growth
between education
level and income
and employment
growth
CPI-adjusted Graduate degrees
earnings
and R&D spending
growth
are positively
between
related to
1986-2001 earnings, without
regard to spatial
factors

Degree quality is
positively related
to per-capita
income and
employment
growth, in an
economic
expansion
Educational
R&D spending, Employment TBA
attainment,
student size at profile
without regard 2- and 4-year
to subject
IHEs, and
adjusted state
higher
education
funding, for
public, degreegranting IHEs
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Science and
technology
reputation of
IHEs

Dependent
variables
Measures of
economic
effect

Employment
growth and
per-capita
income
growth

CHAPTER III
METHODOLOGY

This research examines the impact of a variety of higher education and other variables
on a new measure of the potential for economic growth. The previous chapter summarizes
some of the major research on the economic effects of higher education, and explains how this
dissertation builds on that previous research. This chapter describes how the analysis in the
dissertation is structured and what tests are performed. An explanation of the data used in this
dissertation is provided and the analysis procedures are explained.
The research uses county-level data3,4 from the 50 states5 to construct an OLS regression
equation to quantify the potential for long-term economic growth that higher education can
have. A second model is also run using a more traditional measure of economic growth, median
household income, to validate the new dependent variable. The model is then tested using data
from large metropolitan statistical areas (MSAs), to account for regional variations and to allow
results from population centers to be compared to those from the nation as a whole.
3

Throughout this dissertation, the term “county” is used to describe counties and county equivalents.
The latter group includes areas like parishes in Louisiana, independent cities in Virginia, and boroughs in
Alaska.
4
As explained later, data limitations require that only counties of over 20,000 residents be included in this
analysis. Using July 1, 2006 estimates from the U.S. Census Bureau, this stipulation eliminates 1,331 of
the nation’s 3,141 counties from the dissertation. However, over half of U.S. counties (57 percent) remain
in the analysis.
5
Also as will be explained later, some data are only available for the 50 states, so Washington, DC and
outlying areas are excluded from this analysis.
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Many variables are tested for their relationship to the potential for economic growth,
but some are of primary interest, since they can be altered by policy changes. Specifically, those
independent variables are (1) residents’ education levels, (2) the size of the student population
at both 2- and 4-year public, degree-granting institutions of higher education (IHEs), (3) research
and development (R&D) spending levels at public, degree-granting 4-year IHEs, and (4) state
funding for higher education.
In addition, several other independent variables are used as control variables; that is
they are introduced to test whether the effects of primary independent variables on economic
growth hold up after adding the control variables. These control variables are: (5) the size of the
student population at both 2- and 4-year private, degree-granting IHEs, (6) R&D spending levels
at private, degree-granting IHEs, (7) the unemployment rate, (8) population density, (9)
race/ethnicity, and (10) geography. In addition, median household income is added to the
model after its use in the validation analysis, as will be explained later.
A correlation is run on the original forms of these variables, and the results are in
Appendix A as Figure A-1. Based on that information, and some other analysis, many of these
variables are transformed to better fit into the regression models described later in this chapter.
Table 3-1 below summarizes the variables that are either not transformed or transformed but
still remain as continuous variables. The median, mean, and standard deviation for each of
these continuous variables is provided. Table 3-2 provides information about the rest of the
variables in this dissertation – those that are transformed into indicator variables. For each of
these, the minimum and maximum value of the original variable that was classified into each
level of indicator variable is provided. In both tables, the first column provides a description of
the variable, and underlines the variable’s label. From this point on in the text of this
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dissertation, each variable is referred to by its label.6 The second column provides the variable
names in statistical software used in this dissertation. These variable names are only used in
Appendix A. Following these tables is a detailed explanation of how each variable is obtained
and, if applicable, transformed.

Table 3-1.

Summary statistics on the continuous variables used in this dissertation

Phenomenon measured by the variable(s) and
variable label
Percent Advantageous Jobs: Percent of county workers
employed in the nation’s "advantageous" industry groups
(this is the version of the dependent variable used in the
main analysis)
Percent Advantageous Jobs: Percent of county workers
employed in that MSA’s "advantageous" industry groups
(this is the version of the dependent variable used in the
MSA subanalysis)
Median household income within each county
(this is the dependent variable in the validation analysis
and is a control variable in the final version of the main
analysis)
Education: Percent of county residents with either a 4year or graduate/professional degree
Each county's unemployment rate, capped at 10 percent
(only 16 out of 1,810 counites had unemployment rates
over 10 percent)
Population density: The natural log of the population of
each county per square mile
Percent of county residents that are in each of four
selected racial/ethnic groups:
Asian, Black or African-American, Hispanic, and White.
White was used as the reference group and therefore
was not entered into the model.

Variable
name

Median

Mean

Standard
Deviation

11.50

12.59

6.00

8.26

9

5.23

hhy

42.66

45.02

11.83

bama

18.12

20.51

9.31

uncap

4.7

4.93

1.48

lpopden

4.45

4.64

1.27

a

0.96

1.87

3.44

b

4.33

10.47

13.83

h

2.95

7.45

11.97

w

92.92

87.02

14.36

adv

advmsa

Source: The data used to create this table are from many sources. Refer to Figures A-2 through A-13 in Appendix A
for specific sources for each variable in this table.

6

For different levels of an indicator variable, the base of the label is the same, but a suffix will be added to
identify which indicator is being discussed. For example, if information is provided on the highest level of
Public AA, then the term “Public AA, 161-1,488” will be used.
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Table 3-2.

Summary statistics on the indicator variables used in this dissertation

Phenomenon measured by the variable(s) and
variable label
Public AA: Rate of students in public 2-year IHEs per
1,000 county residents
Public AA is broken into five binary indicator
variables, indicating different numbers of
students, with 0 indicating no students in public
2-year IHEs. (That variable, pmpubaa0, is
omitted from the regression equation.)
Public BA: Rate of students in public 4-year IHEs per
1,000 county residents
Public BA is broken into four binary indicator
variables, indicating different numbers of
students, with 0 indicating no students in public
4-year IHEs. (That variable, pmpubba0, is
omitted from the regression equation.)
Public R&D: Separately-budgeted R&D spending by
public 4-year IHEs per students
The natural log of this variable is broken into
three indicator variables, with 0 indicating those
counties with no separately-budgeted R&D
spending. (That variable, lpcpubrd0, is the
omitted variable.)
State Funding: State funding for higher education,
adjusted by the percent of the state's student
population in each county.
The natural log of this variable is broken into
three indicator variables, with 0 indicating those
counties with no public IHEs and therefore no
adjusted state funding. (That variable, lstfund0,
is the omitted variable.)
Private AA: Rate of students in private 2-year IHEs
per 1,000 county residents
Private AA is broken into five binary indicator
variables, indicating different numbers of
students, with 0 indicating no students in public
2-year IHEs. (That variable, pmpriaa0, is
omitted from the regression equation.)
Private BA: Rate of students in private 4-year IHEs
per 1,000 county residents
Private BA is broken into four binary indicator
variables, indicating different numbers of
students, with 0 indicating no students in public
4-year IHEs. (That variable, pmpriba0, is
omitted from the regression equation.)
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Variable
name

Minimum
value

Maximum
value

pmpubaa0
pmpubaa1
pmpubaa2
pmpubaa3
pmpubaa4

0
1
81
111
161

0
80
110
160
1,488

pmpubba0
pmpubba1
pmpubba2
pmpubba3

0
1
81
151

0
80
150
1,691

lpcpubrd0

$0

$0

lpcpubrd1

$5

$632

lpcpubrd2

$669

$42,240

lstfund0

$0

$0

lstfund1

$634,476

$39,820,448

lstfund2

$39,879,708

$905,113,757

pmpriaa0

0

0

pmpriaa1

1

15

pmpriaa2

16

77

pmpriba0
pmpriba1
pmpriba2
pmpriba3

0
1
81
111

0
30
110
160

Table 3-2.

Summary statistics on the indicator variables used in this dissertation—
Continued

Phenomenon measured by the variable(s) and
variable label
Private R&D: Separately-budgeted R&D spending by
private 4-year IHEs per students
The natural log of this variable is broken into
three indicator variables, with 0 indicating those
counties with no separately-budgeted R&D
spending. (That variable, lpcprird0, is the
omitted variable.)
Census Region in which the county lies
(Main and validation analyses only)
This variable is broken into four indicator
variables, for the four Census Regions:
Northeast, Midwest, South, and West.
(Midwest is the omitted variable.)
MSA in which the county lies (MSA subanalysis only)
This variable is broken into ten indicator
variables, for the ten MSAs included in the
MSA subanalysis:
New York City, Los Angeles, Chicago,
Philadelphia, Dallas-Ft. Worth, Miami, Houston,
Washington, DC, Atlanta, and Detroit.
(Houston is the omitted variable.)

Variable
name

Minimum
value

Maximum
value

lpcprird0

$0

$0

lpcprird1

$12

$1,610

pcpribrd2

$2,003

$51,992

cenregne
cenregmw
cenregs
cenregw

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

nyc
la
chi
phi
dfw
mia
hou
dc
atl
det

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Source: The data used to create this table are from many sources. Refer to Figures A-2 through A-13 in Appendix A
for specific sources for each variable in this table.

The Regression Model

Independent variables of primary interest
As noted above, there are four variables of primary interest to this research, and an
additional seven independent control variables. For a detailed description of each of the
independent variables in this analysis, see Figures A-2 through A-13, in Appendix A, which cover
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the information provided below as well as additional facts about each variable. In addition,
Figures A-14 through A-27 are maps that provide a visual representation of the geographic
distribution of these independent variables, by county. Below is a description of each
independent variable in this analysis, with an explanation of how the data are obtained, and any
transformations that are necessary to allow the variable to best fit into the dissertation’s
regression models.
Education
The first variable of primary interest is the population’s education level7 (Jones and
Vedlitz 1988; Hoenack 1993; Rauch 1993; Groen 2004; Moretti 2004). This value is determined
using county-level data from the U.S. Census Bureau’s American Community Survey.8 Such data
are available for the three-year span of 2005-2007 for areas of 20,000 people or larger.9 For this
analysis, the population of each county is initially organized into the following four categories:
those with a high school diploma or less education, those with some college or an Associates (or
equivalent) degree, those with a 4-year Bachelor’s degree, and those with a Graduate or
Professional degree. But, to simplify the model and to decrease multicollinearity, the percent of
the population with a 4-year bachelor’s degree is added to the percent with a graduate or
professional degree. This combined variable is used in the models in this dissertation to

7

This variable is described as a measure of investment in higher education. While the education level of a
county does not necessarily reflect that county’s actual investment in higher education (since the people
that live in the county are not necessarily those educated there), this variable is used as a proxy, along
with IHE enrollment in the county, for the importance a county places on higher education.
8

The variable C15002 (Sex by Educational Attainment for the Population 25 Years and Over) is used to
determine the size of the population with different education levels.
9
Because of this data limitation, only counties with over 20,000 residents are included in this research. In
addition, all data from the American Community Survey are estimates from 2005-2007.
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measure each county’s education level. Figure A-2 provides additional information about these
measures of each county’s education level. In addition, Figure A-14 is a map that shows the
geographic distribution of those with a 4-year bachelor’s degree or a graduate or professional
degree.
Student population at public, degree-granting IHEs
The second variable of primary interest is the size of the student population in two
different levels of public, degree-granting IHEs in each county (Hoenack 1993; Florida 2002;
Marcotte et al. 2005). These data are an attempt to measure the “presence” of public IHEs in
the county, which delineates locations with a strong public IHE influence from those with little
or no impacts from a local public IHE. It is not an attempt to measure the amount of students at
local IHEs that graduate and remain in the county. Such measures are difficult to calculate and
of less importance to this analysis than the presence of higher education in each county. The
data are collected through a public-use datafile from the Integrated Postsecondary Education
Data System (IPEDS). IPEDS is the principal tool of the U.S. Department of Education to collect
data from IHEs, and contains data on over 7,000 of them (Snyder, Dillow, and Hoffman 2008).
Data on enrollment at institutions are sorted by level so that enrollment at 2-year10 and 4-year11
IHEs is counted separately.12 In addition to enrollment data, this dataset includes directory

10

In most cases, public, degree-granting IHEs that offer less-than-four-year degrees are referred to 2-year
IHEs. But, in some cases, they are referred to as 2-to 4-year IHEs, to account for programs that last longer
than two years but are less than traditional 4-year bachelor’s degrees. To simplify the narrative in this
dissertation, both of these types of IHEs are referred to as 2-year IHEs.
11
IHEs that offer 4-year undergraduate degrees as well as graduate degrees are sometimes referred to as
4+ year IHEs. But, to keep this document consistent, such IHEs are referred to here as 4-year IHEs.
12
Generally, only undergraduates are counted in the enrollment totals for 2-year IHEs, while
undergraduates, graduate students, and first-professional students are counted in the totals at 4-year
IHEs. There are exceptions, however, at eight IHEs in Ohio. These IHEs are satellite campuses of large 4-
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information about each IHE, including the institutions’ locations. This list of institution locations
is cross-referenced with a widely-available list of cities and counties13 to determine the county
(and more importantly, that county’s FIPS code) in which each institution resides.14 Through this
process, each county in the United States is identified by the characteristics of the IHEs located
in that county. For the enrollment variable, the enrollment figures from 2- and 4-year IHEs are
determined for each county. If a county does not have any enrollment for either 2- or 4-year
IHEs, the value is set to zero for that county.
This variable is limited to public, degree-granting IHEs in the fifty states. (IHEs in
outlying areas and in Washington, DC are excluded, because funding data on them are not
available, as is explained later in this chapter.) This limitation excludes all private IHEs as well as
non-degree-granting IHEs.15,16 Table 3-3 shows the number of IHEs in the IPEDS database for the
2006-07 school year (the year used in this analysis), delineated by level (number of years to
complete) and control (public vs. private).
year IHEs, and are listed in IPEDS as 2-year IHEs. While most of their students are 2-year students, 488
students in these IHEs are listed as graduate students. (These students constitute less than 2 percent of
the total enrollment at the state’s 32 public, 2-year degree-granting IHEs.) For purposes in this
dissertation, however, these graduate students are counted as students at the 2-year IHEs where they are
enrolled.
13
The database on city/county/FIPS codes used in this dissertation is from the University of Missouri
(which has been designated by the U.S. Census Bureau as a repository of Census data). The database is
found at: http://mcdc2.missouri.edu/webrepts/geography/us_place_to_county.html.
14
If a city or town is listed in the University of Missouri database as falling into two or more counties, the
IHE’s Zip code is entered into the website http://www.zipinfo.com/search/zipcode.htm, which identifies
the county and FIPS code for that Zip code. The result from the website is checked to ensure it is one of
those in the University of Missouri data, and if so, is entered as that IHE’s county.
15
Non-degree-granting institutions include schools like career colleges and certificate-granting institutions
such as mechanics or programming schools. Additional information about the types of IHEs in the IPEDS
database is found at http://nces.ed.gov/IPEDS/about/.
16
Student populations at private, degree-granting IHEs are measured in different variables, as explained
later in this chapter.
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Table 3-3.

Institutions of higher education in the IPEDS database, by level and control,
2006-07 school year

Public IHEs
Non-public IHEs
Unknown
Control
Total IHEs

< 2 Year IHEs

2-Year IHEs

4-year IHEs

Total IHEs

667
2,125
0

Unknown
Level
0
0
15

278
1,616
0

1,176
1,102
0

1,894

2,278

2,792

15

6,979

2,121
4,843
15

SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional
Characteristics Directory Data file.

Table 3-4 provides the same information, but is limited to only degree-granting IHEs
(about 65 percent of all IHEs in the 2006-07 school year).

Table 3-4.

Degree-granting institutions of higher education in the IPEDS database, by level
and control, 2006-07 school year

Public IHEs
Non-public IHEs
Unknown
Control
Total IHEs

< 2 Year IHEs

2-Year IHEs

4-year IHEs

Total IHEs

665
2,107
0

Unknown
Level
0
0
0

N/A
N/A
N/A

1,068
669
0

0

1,737

2,772

0

4,509

1,733
2,776
0

SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional
Characteristics Directory Data file.

Table 3-5 illustrates additional cuts made to the list of 1,737 public, degree-granting
IHEs used in this dissertation. As the table shows, 13 2-year IHEs and 5 4-year IHEs have no
enrollment data for the 2006-07 school year, so they are not included in this variable. In
addition, 28 IHEs are located in outlying areas or Washington, DC, so they are also excluded
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from this variable. This variable only includes students enrolled at the 1,046 2-year public,
degree-granting IHEs and the 642 4-year IHEs in the last row of Table 3-5.

Table 3-5.

Additional IHEs removed from the IPEDS database of public, degree-granting
institutions of higher education, 2006-07 school year

Public, degree-granting IHEs
Removed due to lack of 2006-07 enrollment data
Removed due to location in an outlying area or
Washington, DC
Total IHEs in database

2-Year IHEs
1,068
(13)
(9)

4-year IHEs
665
(5)
(18)

Total IHEs
1,733
(18)
(27)

1,046

642

1,688

NOTE: Values that are subtracted from the totals above it are presented in parentheses (). Of the 2-year IHEs
removed because of their geography, 5 are in Puerto Rico, and one each is in the Marshall Islands, Guam, the
Federated States of Micronesia, and American Samoa. Of the 4-year IHEs removed because of their geography, 14
are in Puerto Rico, 2 are in Washington, DC, and one each is in the U.S. Virgin Islands, the Northern Mariana Islands,
and Guam.
SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional
Characteristics Directory Data file.

Once a count of students at public, degree-granting 2-year and -4 year IHEs is calculated
for each county, the variable is transformed to improve its measurement properties and its
relationship to the dependent variable.17 Specifically, each county’s count of students at 2-year
or 4-year IHEs (which are contained in separate variables) is divided by the county’s population,
to create a rate of students per capita. Then, that rate is multiplied by 1,000, to become the
rate of students per 1,000 county residents. Finally, because so many counties had no IHEs and
17

Many variables described in this chapter are transformed before entering the regression models. This is
done because regression models require independent variables to be linearly related with the dependent
variable. In many cases, the variables in this dissertation do not have linear relationships with the
dependent variable. So, different transformations are tested on them, to see which would best allow the
variable to exhibit a linear relationship with the dependent variable. The transformed variables are the
ones that enter the regression models. Interpretation of the results, presented in Chapter IV, takes into
account any transformations that have occurred.
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therefore no students, while other counties had high rates of students, the rate is broken into
several groups. The first group contained counties with no students. Then each successive
group had high higher rate of students per 1,000 residents than the one before it. Enrollment at
public, degree-granting 2-year IHEs is ultimately broken into 5 variables, including one for
counties with none of these students. Enrollment at public, degree-granting 4-year IHEs is
broken into 4 variables, including one for counties with none of these students. 18
Figure A-3 provides a summary of these variables, including their source and
manipulation required to create them, and a more detailed account of the transformation
described above. In addition, Figures A-15 and A-16 are maps that show the geographic
distribution of students enrolled in public, degree-granting 2-year IHEs and 4-year IHEs,
respectively, by county. These maps show student counts for each county in the analysis,
before the variable transformations described above are performed.
R&D spending at public, degree-granting IHEs
The third variable of primary interest in the model is R&D spending at public, degreegranting 4-year IHEs (Jones and Vedlitz 1988; Goldstein and Drucker 2006). 19 These R&D
spending data are taken from the National Science Foundation (NSF)20 and obtained for IHEs

18

The enrollment variables are broken into a series of indicator variables because there are a number of
counties with extremely low values (in this case, zero students per 1,000 residents) and very high values.
Counties with values at the extreme ends of the scale exhibited markedly different relationships to the
dependent variable than those with values in the middle. To account for these differences, indicator
variables are created to encompass like levels of enrolled students per 1,000 residents. A similar
transformation is made for several variables in this database, all which are outlined in Table 3-2.
19
Another variable, described later, accounts for R&D spending at private, degree-granting 4-year IHEs.
20
Data on R&D spending are found at http://webcaspar.nsf.gov/.
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that meet certain requirements.21 The data are recorded for each qualifying IHE, and then the
location of those IHEs is matched to the list of counties and county-level FIPS codes mentioned
above, to result in a list of R&D spending at qualifying IHEs within each county. 22,23,24 All of the
IHEs used for this measure are listed in Appendix A, in Table A-1, each with its academic R&D
expenditures for the 2006-07 school year and the county and state in which the IHE resides.
Note that under the NSF rules, R&D spending is available for only 386 IHEs. Because of
this, most counties ultimately have a value of zero for this measure. In addition, some counties
have extremely high R&D spending. These characteristics suggest that instead of using the raw
R&D value, this variable should be transformed into a rate. This is done by dividing each
county’s R&D amount by the number of students in that county enrolled in public, degreegranting 4-year IHEs. The result is the rate of R&D spending per student, both in terms of public,
degree-granting 4-year IHEs. But even as a rate, this variable shows a curvilinear structure. So,
the natural log is taken. Finally, to fully transform this variable to one linearly related to the

21

The NSF database contains R&D spending information only on IHEs that award bachelor’s degrees or
higher and have over $150,000 in separately budgeted R&D. In addition, the analysis in this dissertation is
limited only to public, 4-year, degree-granting IHEs, so the NSF data are also limited to public IHEs. With
these limitations, data for 373 out of 665 possible public, 4-year, degree-granting IHEs (56%) are obtained.
More information about this dataset is at
http://webcaspar.nsf.gov/Help/dataMapHelpDisplay.jsp?subHeader=DataSourceBySubject&type=DS&abb
r=RDEXP&noHeader=1&JS=No.
22
Several IHEs with multiple campuses are listed in the NSF database as “All Campuses.” In these
instances, the IHEs are placed in the county of that IHEs main campus.
23
In some cases, IHEs in the NSF database are listed using an old institution name. In those cases, the IHE
name is updated to match that from the IPEDS database.
24
Four IHEs in the NSF database are removed from this analysis because they are not listed by IPEDS as
public, degree-granting IHEs. Those institutions are Sinte Gleska University, Uniformed Services University
of the Health Sciences, Desert Research Institute, and the Center for Environmental and Estuarine Studies
of the University of Maryland.
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dependent variable, it is broken into three indicator variables, one for counties with no publicIHE R&D spending and two for successively larger logged rates per student.
Figure A-4 offers additional information on how this variable is constructed. In addition,
Figure A-17 maps the distribution of R&D expenditures by county. This map shows the
geographic distribution of the raw R&D spending at public, degree-granting 4-year IHEs, the
value before the transformations described above are performed.
Higher education funding
The final of the independent variables of primary interest is an examination of state
funding for education (Plaut and Pluta 1983; Wasylenko and McGuire 1985; Jones and Vedlitz
1988; Mak and Moncur 2001). Such funding data are available from the State Higher Education
Executive Officers (SHEEO), an organization that publishes an annual report of state spending on
higher education.25 The SHEEO report uses a modification of the “Halstead” method 26 when
reporting state funding for higher education.27 Their method excludes state funding categories,
like research and medical education that vary widely between states. This change concentrates
the analysis on areas more comparable across states, such as instruction and public service.
They also take into account each state’s tax-revenue capacity. In addition, the method
considers students’ relative contributions to their higher education and the cost of that
25

Their website is http://sheeo.org/, and their report, for the 2006-07 school year (2007 Fiscal Year) is at
http://www.eric.ed.gov/ERICDocs/data/ericdocs2sql/content_storage_01/0000019b/80/3e/67/31.pdf.
Data for this dissertation is from the “FY 2007” column in Table 5, on page 27 of that document.
26
The “Halstead” method takes into account state population, student population size, state economic
conditions, and school types and quality to make funding comparable across states. These data were
used in such inquiries as Jones and Vedlitz (1993).
27
The SHEEO report only has data for the 50 states. Because of this, Washington, DC and outlying areas
(American Samoa [AS], the Federated States of Micronesia [FM], Guam [GU], the Marshall Islands [MH],
the Northern Mariana Islands [MP], Puerto Rico [PR], Palau [PW], and the U.S. Virgin Islands [VI]) are
excluded from this analysis.
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education. Finally, cost-of-living differences between states and the mix of enrollment at
different types of IHEs are taken into account (Lingenfelter 2008). These modifications to state
funding levels allow more appropriate comparisons between states to be made. Similar
adjustments are made in recent research on state funding for higher education, such as in Rizzo
(2004).
The calculations described above are made at the state level. Since this dissertation
uses county-level data, additional modifications are needed. Specifically, the percentage of 2and 4-year students at public, degree-granting IHEs in each county is calculated, by adding
together the values from the enrollment variables to get a county total. Then, values for all of
the counties in a state are summed to get a state total. (Note that because of limitations of the
Census data, only counties of over 20,000 residents are included in the analysis database. So, to
calculate total public, degree-granting IHE enrollment for an entire state, enrollment figures for
counties of fewer than 20,000 residents are added to the counts from counties already in the
analysis database.) Then, for each county in the analysis database, the county enrollment total
is divided by the total for its state, to calculate that county’s share of the state’s enrolled
students at public, degree-granting 2- and 4-year IHEs. Then, that percentage is multiplied by
the state funding figure described above, to calculate the public-postsecondary-studentpopulation-adjusted share of state higher education funding for each county.
Counties with no enrollment in 2- or 4-year IHEs receive a zero for this value. In
addition, some counties have extremely high values for this variable. Previous variables with
these characteristics are converted into rates, but this variable already expresses funding
adjusted for each county’s student population. So, the natural log of this variable is taken, to
adjust it from a curvilinear relationship with the dependent variable to a linear one.
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Figure A-5 provides a summary of this variable, including its source, construction, and
transformation. In addition, Figure A-18 is a map that shows the distribution, by county, of
adjusted state expenditures for higher education. As with previous variables, this map shows
the values before the transformation (taking the natural log) is performed.
The data described above represent the independent variables of primary interest in the
regression equation in this analysis.

Other independent variables
In addition to the primary independent variables, other independent variables are
added to the equation. These variables are included primarily to control for the relationships
they may have with the dependent variable, so that the effects of the primary independent
variables can be more finely determined. These include student populations at private IHEs
(measured by students enrolled at 2-year and 4-year private, degree-granting IHEs), economic
performance (measured by median household income and unemployment rate), demographic
variables (measured by racial/ethnic makeup), and geographic characteristics – measured by
U.S. Census Region in the main and validation analyses and metropolitan statistical area (MSA)
in the MSA subanalysis, as well as population density in all analyses (Jones and Vedlitz 1988;
Beeson and Montgomery 1990; Krivo et al. 1998; Gottlieb and Fogarty 2003; Montalvo and
Reynal-Querol 2005). These variables help to reduce the likelihood of drawing conclusions from
spurious relationships.
Student population at private, degree-granting IHEs
Student populations at private, degree-granting IHEs are calculated for each county,
using the same sources, and in the same way used to calculate student populations at public,
45

degree-granting IHEs. As with enrollment in public IHEs, enrollment in private IHEs is broken
into those who attend private, degree-granting 2-year and 4-year IHEs.
Like their public-IHE counterparts, these variables are transformed to better fit into the
regression models. The enrollment numbers are converted to rates per 1,000 residents and
then grouped into sets of binary indicator variables.
A description of this variable can be found in Figure A-6 of Appendix A. In addition,
Figures A-19 and A-20 are maps that show the geographic distribution of student enrolled in
private, degree-granting 2-year IHEs and 4-year IHEs, respectively, by county. These maps show
enrollment values before they are transformed into rates and binary variables.
R&D spending at private, degree-granting IHEs
R&D spending at private, degree-granting IHEs is calculated just as the public-IHE
version. All of the private, degree-granting 4-year IHEs used for this measure are listed in Table
A-2, each with its academic R&D expenditures for the 2006-07 school year and the county and
state in which the IHE resides.
Note that under the NSF rules, R&D spending is available for only 257 private, degreegranting IHEs. Because of this, most counties ultimately have a value of zero for this measure.
In addition, as with the public-IHE version of this variable, some counties have extremely high
spending. So, the same transformations are performed on this variable as are performed on the
public-IHE version. The R&D spending amount is divided by the number of students in that
county enrolled in private, degree-granting 4-year IHEs, the natural log is taken, and the variable
is broken into three binary indicator variables, one for counties with no private-IHE R&D
spending and two for successively larger logged rates per student.
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Figure A-7 provides additional information on how this variable is constructed. In
addition, Figure A-21 maps the distribution of R&D expenditures by county. This map shows the
geographic distribution of the raw R&D spending at private, degree-granting 4-year IHEs, the
value before the transformations described above are performed.
Unemployment rate
The unemployment rate is available from the U.S. Department of Labor’s Bureau of
Labor Statistics (BLS), Local Area Unemployment Statistics Division. These unemployment data
are available for 2006 for all counties in the dissertation, except for six parishes in Louisiana.
These six parishes were affected by Hurricanes Katrina and Rita and therefore no 2006
unemployment data were collected for them. Because of this, those six parishes are excluded
from this analysis.28
Like some other variables, the unemployment rate requires transformation before it can
enter the regression models in this dissertation. Because this variable is already a rate, the
transformation is fairly simple. Sixteen counties have unemployment rates over 10 percent. For
those cases, unemployment is capped at 10 percent.
Figure A-8 provides a summary of the unemployment rate variable, including a list of
these six excluded parishes, and a seventh which is not included in the research anyway,
because it has fewer than 20,000 residents. Figure A-8 also lists the 16 counties that originally
had an unemployment rate over 10 percent. Figure A-22 provides a map of these
unemployment rates by county.

28

As with other data limitation for one variable, because unemployment data are not available for these
six parishes, they are completely excluded from this analysis.
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Population density
Population density, or residents per square mile, serves as another variable in this
research. Each county’s square mileage is obtained from the U.S. Census Bureau’s 2000
Decennial Census, Summary File 1, 100-Percent Data.29 The number of people who live in each
county is also from the U.S. Census Bureau, but newer values are used, specifically 2005-07
estimates from the American Community Survey. (The assumption is made that the size of
counties in this dissertation did not change between 2000 and 2005.) To calculate density, the
population figure for each county is divided by its square mileage.
The resulting population density variable has a curvilinear relationship with the
dependent variable. So, the variable is transformed by taking its natural log. Figure A-9
provides a summary of this variable and its transformation. Figure A-23 shows a map of
counties in this research, shaded according to their population densities (not according to the
natural log of their population densities).
Race/ethnicity
Another set of variables in this analysis concern race/ethnicity. There are four variables
in this set, the percent of the residents of the county that are of each of the following races:
Asian, Black, Hispanic, or White. The data are from the U.S. Census Bureau’s Annual Population
Estimates for 2006. The county’s overall population is obtained, and the number of residents
who identify as each of those racial/ethnic groups is obtained. Then, the latter is divided by the
former, to determine the percent Asian, Black, Hispanic and White residents.

29

The size of Broomfield County, Colorado is not available in the Census data. But, a website run by the
county (http://www.broomfield.org/community.shtml) contains the square mileage of the county, so that
value is used.
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The four figures are not all inclusive; some residents may identify with a group other
than one of those four, such as Native American or “Other.” In addition, since Hispanic is an
ethnicity, Hispanic respondents can be of any race. Because of these characteristics, the sum of
the four race percentage variables does not necessarily equal 100 percent for any given county.
And because together they exhibit some signs of multicollinearity, the variable for percent white
is excluded from the analysis. Figure A-10 provides a summary of these four race/ethnicity
variables. Figure A-24 shows a county-level map of the excluded variable, percent white, which
is by far the largest group in most counties.
Geography
Another component of the model is geography. This phenomenon is measured in the
main and validations analyses by U.S. Census Region. In 1910, the Census Bureau divided
America into four Regions, each consisting of the entire area of a number of states. Four binary
variables are created in this database, designating the Census Region in which each county lies.30
In the MSA subanalysis, geography is measured by 10 binary variables that indicate the MSA to
which each county belongs. The geography variables are summarized in Figure A-11 of
Appendix A. A map of the counties in this analysis shaded by Census Division31 can be found in
Figure A-25. A map of the counties in the MSA subanalysis, shaded by MSA designation, can be
found in Figure A-26.

30

There are also nine Census Divisions, which combine to form the four Census Regions. Census Division
is used later in this dissertation to help define the new dependent variable. That nine-level Census
Division is later tested to determine if it should replace the four-level Census Region in the analysis. The
results indicate that using the four-level Regions makes the model simpler and does not sacrifice any
important findings.
31
The map is shaded by Census Division because, as noted above, that designation is later used to
calculate the dependent variable. But, in that map, Census Region is also noted.
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Median household income
Median household income values are obtained from the U.S. Census, American
Community Survey, 2005-07 estimates. For simplicity, this variable is divided by 1,000 to
convert it to median household income in thousands of dollars. No variable transformation is
required, because this variable already exhibits a linear relationship with the dependent
variable. A description of this variable can be found in Figure A-12 of Appendix A and a map of
median household income by county is provided in Figure A-27.

The dependent variable in the main and MSA analyses
The main analysis in this dissertation (as well as the MSA subanalysis) uses a unique
dependent variable. The section below describes this new dependent variable. A third analysis
is also performed, with a more conventional dependent variable. That validation analysis is
used as a reference point for analyzing the main and MSA analyses. The dependent variable in
the validation analysis is described later in this chapter.
Justification of the dependent variable in the main and MSA analyses
The dependent variable in the main and MSA analyses, potential for long-term
economic growth, is measured using a new indicator: the percentage of the workforce engaged
in “advantageous” industry groups. In this dissertation, “advantageous” industry groups are
high-paying and fast-growing industry groups that have relatively good geographic distribution.
In 2006, these “advantageous” industry groups represented 31,504,147 jobs, or about 24
percent of the national workforce.
This complex dependent variable is chosen over single variables like income because
such unidimensional variables only provide one type of information on an economy (Jones and
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Vedlitz 1988). In addition, research suggests that areas with concentrations of employment in
fast-growing industry groups tend to have greater net economic growth than areas with
overemployment in lagging industries (Garcia-Milà and McGuire 1993).
Obtaining and formatting data used to calculate the dependent variable
These advantageous sectors are identified with data from the BLS Quarterly Census of
Employment and Wage Program, which publishes wage and employment-size data32,33 according
to the NAICS system. The NAICS system is an international classification system, used by the
United States, Canada, and Mexico, to categorize different types of employment. Under the
NAICS system, every type of employment is given a 6-digit code, based on the industry. Those
codes are hierarchically organized, so that the first two digits of a NAICS code describe the
employment sector, while the third digit signifies the subsector, and so on. Table 3-6 provides a
summary of the NAICS hierarchy.

Table 3-6.

NAICS classification system hierarchy

Digit
level
2

Name of level
Sector

Number of unique
values at that level
20

3

Subsector

100

4

Industry Group

317

5

NAICS Industry

725

6

National Industry

1,179

Example
52: Finance and Insurance
522: Credit Intermediation and
Related Activities
5222: Nondepository Credit
Intermediation
52229: Other Nondepository Credit
Intermediation
522294: Secondary Market
Financing

SOURCE: North American Industry Classification System, United States, 2002, Executive Office of the President, Office
of Management and Budget, Springfield, VA, 2002.
32

This wage and employment size data are found at ftp://ftp.bls.gov/pub/special.requests/cew/.
This data set covers over 96 percent of total wage and salary civilian jobs. Additional information about
it can be found at http://www.bls.gov/opub/hom/homch5_b.htm.
33
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The NAICS system has two different sets of codes, one each from 2002 and 2007. 34 This
dissertation uses the 2002 codes, since the employment data used are from 2002 to 2006. 35
Creating this dependent variable required many steps. The process is explained in detail in
Appendix A, as Figure A-28. But, in short, 2002-06 employment and 2006 wage data are
obtained from the BLS, for all counties in this analysis and for the nation as a whole.
Determining “advantageous” industry groups
The first requirement of an “advantageous” industry group is that it has a fast-growing
employment size. This is determined by calculating which industry groups have more growth in
employment than the nation as a whole. Using the national employment data mentioned
above, the average annual percent change (AAPC) in the size of total employment between
2002 and 2006 is calculated.36,37 Next, the AAPC in employment between 2002 and 2006 is

34

A complete explanation of the differences between the 2002 and 2007 NAICS codes can be found at
http://www.census.gov/eos/www/naics/faqs/faqs.html#q14.
35
A complete list of the 2002 codes can be found at
http://www.census.gov/eos/www/naics/2002NAICS/2002_Definition_File.pdf
36
Growth is measured between 2002 and 2006 because those are the comparable years of data available
from the most recent business cycle. Russel, Takac, and Usher (2004) recommend measuring changes in
employment characteristics over as much of a business cycle as possible. Although research suggests our
most recent business cycle began in 2001, data limitations requires this analysis to start with 2002 data.
This is the case because 2001 data uses the SIC system to delineate sectors of the economy. While SIC
designations and the newer NAICS codes are generally comparable, the 4-digit NAICS codes are not
directly comparable to any SIC levels. Also, before 2002, SIC data were collected from October to
December, but starting in 2002, data were collected in May and November. So, for these reasons, 2001
data are excluded from this analysis. In addition, 2007 NAICS data are excluded because they are the first
to use the new NAICS levels, which were revised that year. While most NAICS codes did not change
between 2002 and 2007, enough did that the 2007 data are not be directly comparable to data from
earlier years.
37
AAPC is calculated as the following (ending employment figure / starting employment figure), the result
of which is raised to the power of 1/(number of years between starting and ending). That product has
one subtracted from it and the result is multiplied by 100. For this example, 2002 national employment is
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calculated for each of the 317 industry groups. Then, the fastest-growing industry groups are
determined by comparing each industry group’s AAPC to the national AAPC, and noting which
industry groups have an AAPC above the national average.38 The 111 industry groups with
AAPCs above that national average are marked as potentially “advantageous” industry groups.
Figure A-13 provides a summary of this determination. (The corresponding section of Figure A13 can be found on page 133 in Appendix A.)
The second requirement of an “advantageous” industry group is that it has an aboveaverage pay. This is determined by calculating how many industry groups have annual average
pay levels higher than the national average in 2006. To perform this calculation, the national
average annual pay is noted for 2006. 39 Next, annual average pay, calculated according to the
steps in Figure A-28, is recorded for each of the 317 industry groups. Then, each industry group
is examined to determine if its 2006 average annual pay is above the national value. One
hundred and sixty-seven industry groups have a 2006 average annual pay above the national
average, and are designated as potentially “advantageous.” A summary of this process is
described in Figure A-13. (The corresponding section of Figure A-13 can be found on page 134
in Appendix A.)
The final requirement of an “advantageous” industry group is that it is not
geographically concentrated. To determine this, each industry group’s geographic distribution is

128,233,919 and 2006 national employment is 133,833,834. There are four years between 2002 and
1

2006. So, the equation is

133,833,834 4
128,233,919

- 1 *100=1.0734.

38

Note that while this component of the dependent variable measures change over time, this analysis is
not designed to account for a lag effect. So, average annual percent change in employment size between
2002 and 2006 is treated as a variable measuring a component of the economy at a single point in time.
39
For the nation as a whole, the annual average pay in 2006 is $42,535.

53

examined to determine if jobs in that industry group are “present” in each of the nine U.S.
Census Divisions.40
To be counted as “present” in each of the nine U.S. Census Divisions, an industry group
needs to have at least 0.5 percent of its workforce in every Census Division. This low threshold
is designed only to exclude those industry groups that are truly not present in all parts of the
country. The county-level data is used to determine the geographic distribution of the workers
in each of the 317 industry groups. First, that data file is cross referenced with the binary
indicator variables described in the section on mediating variables, to indicate in which Census
Division each county is located. Then, the county-level data are sorted by Census Division.
Next, the number of employees in each Census Division is calculated for each of the 317 industry
groups. From that list of totals by Census Division, the percent of the workforce in each Census
Division is calculated, for every industry group. Only 75 of the 317 industry groups have less
than 0.5 percent of their workers in all nine Census Divisions. The other 242 industry groups are
deemed “potentially advantageous.” The results of these calculations are further illustrated in
Figure A-13. (The corresponding section of Figure A-13 can be found on pages 135-6 in
Appendix A.)
Finally, after the three requirements of an “advantageous” industry group are
determined, any industry group that is deemed “potentially advantageous” in all three criteria is
declared an “advantageous” industry group. These industry groups exhibit high employment

40

The nine Census Divisions are similar to the four Census Regions described earlier in this report, except
that they are a finer level of geographic detail.
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growth, high pay, and a level of geographic distribution.41,42 Further information about this
portion of the calculation of the dependent variable can be found in Appendix A, in Figure A-13,
on page 137.
Figure 3-1 provides a scatterplot of how all 317 industry groups scored on the three
criteria used to determine “advantageous” industry groups. Each industry group’s AAPC in
employment size is graphed along the x axis, and the average annual pay is plotted along the y
axis. Horizontal and vertical lines are placed in the figure to denote national averages. So,
points in the northeast corner of the figure, above the horizontal line and to the right of the
vertical line have both above-average employment growth and above-average pay. Finally,
industry groups deemed not “present” in all 9 Census Divisions are represented by red
diamonds; the rest are marked with green triangles. So, green triangles in the northeast
quadrant of Figure 3-1 represent “advantageous” industry groups.
Figure 3-2 provides more detail on those industry groups found to be not “present” in all
9 Census Divisions. The x and y axes are the same as in Figure 3-1, and the horizontal and
vertical lines in the plot still denote the cutoff point for above-average employment growth and
pay. But, the points are limited to only those found to be not “present” in all 9 Census Divisions.
41

Of the 75 industry groups that are labeled not “potentially advantageous” because of geographic
concentration, 62 of them are already not “potentially advantageous” because of low pay or low
employment growth. So, the geographical distribution component of the “advantageous” decision only
eliminates 13 of the 317 industries from selection.
42
Other thresholds for “high employment growth,” “high pay,” and “geographic distribution” are tested,
but they result in too few industry groups being deemed “advantageous” to allow enough variation of
employment in “advantageous” industry groups across counties. For example, counting as
“advantageous” only those industry groups with employee growth and pay that is one standard deviation
above the average of all the counties in the analysis, even without an additional geographic component to
the variable, results in only five “advantageous” industry groups being identified. Because of these
results, and similar ones from other calculations of “advantageous” industry groups, the relatively low
thresholds described above are used.
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(These are the points represented in Figure 3-1 by red diamonds.) In this figure, they are
represented by blue circles, and the larger the circle, the larger the number of U.S. Census
Divisions with less than 0.05 percent of that industry group’s workforce (i.e., the larger the
circle, the more geographically concentrated the workforce). Figure 3-2 shows that most
industry groups excluded from being named “advantageous” for geographical concentration
were fairly geographically concentrated (i.e., most of the circles in the northeast quadrant are
rather large).
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Figure 3-1.

Plot of industry groups, by the three criteria used to define “advantageous”
industry groups

SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.
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Figure 3-2.

Plot of geographically-concentrated industry groups, by change in employment
size, pay, and the number of U.S. Census Divisions with less than 0.05% of that
industry group’s workforce

SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Once this determination is made, the selected “advantageous” industry groups form the
basis of this dissertation’s dependent variable. Appendix A lists all 317 industry groups at the
four-digit NAICS level broken into three tables. Table A-3 lists the 45 industry groups deemed
“advantageous.” Table A-4 lists the 13 industry groups that are not considered “advantageous”
solely because they exhibit geographic concentration. And Table A-5 lists the 259 industry
groups that are not considered “advantageous” because of low employment growth, belowaverage annual pay, or both, with or without geographic concentration. Each of these tables
also contains information used to make the “advantageous” determination.
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Calculating the dependent variable in the main analysis
The percent of workers in each county employed in the “advantageous” industry groups
in 2006 is determined using the file of county-level employment created earlier. 43 The industry
groups found to be “advantageous” are identified in this data set, and the employment in each
county in those industry groups is summed. That sum is then divided by the county’s total
employment. The result is the percent of each county’s workforce employed in “advantageous”
industry groups, which serves as the dependent variable in this dissertation.
The county in this dataset with the most workers in “advantageous” industry groups is
Fairfax County, Virginia, with 40 percent of its workforce employed in such industry groups. Of
the counties in the analysis, Morgan County, Tennessee has the lowest percentage of their
workforce employed in “advantageous” industry groups, with 1 percent. Figure 3-3 is a
histogram of the percent of counties’ residents that work in “advantageous” industry groups.
Figure A-29 is a map of all the counties in this dissertation shaded according to the percent of
their residents employed in “advantageous” industry groups.
Note, however, that the Industry Group “Colleges, Universities, and Professional
Schools” (NAICS code 6113) meets all three criteria to be considered an “advantageous”
industry group, but is excluded from counting as “advantageous.” This is done because the

43

The county-level independent variables that involve percentages of people use county residents as their
universe. When calculating the dependent variable in this analysis, however, a county’s workers are
counted. This discrepancy exists because the BLS employment data are based on where a person works,
not where a person lives. So, in counties with large numbers of workers who do not also live in the
county, some of the people counted in the independent variables may not also be counted in that
county’s dependent variable. According to 2000 Census data, about 73 percent of people lived and
worked in the same county. Among the counties in this analysis, the figure is slightly higher, at 74
percent. The data used to calculate these figures is from:
http://www.census.gov/population/www/cen2000/commuting/index.html
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enrollment variables already measure the presence of IHEs on the right-hand side of the
regression equation. So, including this industry as a contributor to a county’s percent of jobs
that are in “advantageous” industries would unduly weight counties with large IHEs.44 A
sensitivity analysis is performed, counting these workers as employed in “advantageous”
industries. That sensitivity analysis resulted in slightly different results than found in the main
analysis, which bolstered the argument for excluding this industry group from the list of
“advantageous” industries.45
Calculating the dependent variable in the MSA analysis
In the MSA analysis, the dependent variable is calculated slightly differently. Rather
than determining a national set of “advantageous” industry groups, in the MSA analysis, a
different set of industry groups is deemed “advantageous” for each MSA. This is done by
comparing the employment growth and pay at the MSA level to the national averages. If an
industry group in a specific MSA has an employment growth and pay above the national
average, that industry group is potentially “advantageous” in that MSA alone. The same
industry group may not have employment growth and pay above the national average in other
MSAs, so it may not be deemed potentially “advantageous” in the other MSAs.

44

Note that the average pay for workers in this industry group is only slightly above average. So, it is
possible that if data from different years had been used, this industry group would not emerge as
“advantageous.”
45

There is a similar industry group for workers at Junior Colleges (NAICS code 6112). But, that industry
group does not meet all of the criteria to be considered “advantageous.” So, no additional
accommodations are necessary.
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Figure 3-3.

Histogram of the dependent variable “Percent Advantageous,” by county

NOTE: The x-axis shows the percent of each county’s population in 2006 that was employed in “advantageous”
industry groups, as defined in Figure A-13. The y-axis shows the number of times each x variable is present in a
county in this research. The line plots the density of x, normed to have the same mean and standard deviation as the
variable itself.
The data were restricted to counties with over 20,000 residents, according to the 2005-07 Census estimates. In
addition, 6 Louisiana Parishes affected by Hurricanes Katrina and Rita were excluded because unemployment data for
those parishes were not reported in 2006.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Once “potentially advantageous” industry groups are defined for each of the 10 MSAs,
those lists are compared to the list of 75 industry groups deemed not “present” in all 9 Census
Divisions. Any “potentially advantageous” industry groups in any of the 10 studied MSAs that do
not meet the geographical presence threshold are deemed not “advantageous.”
Once the “advantageous” industry groups are defined for each of the 10 MSAs, the
workforce in the counties that make up the MSA are examined to determine what percentage of
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workers in that county are employed in “advantageous” industry groups. This percentage is the
dependent variable in the MSA subanalysis.46

The dependent variable in the validation analysis
In addition to the main and MSA analyses, this dissertation also describes a third
examination of data, the validation analysis. The validation analysis follows the form of the
main analysis, except that it uses a different, more conventional dependent variable: median
household income. This variable is also used as an independent variable in a later version of the
main analysis (and in the MSA subanalysis) and is obtained as described earlier in this chapter.
The correlation between counties’ percentage of residents employed in “advantageous”
industry groups and the more traditional measure of economic performance (median household
income) is analyzed to document the relationship between the two. The coefficient of
correlation between percent “advantageous” and median household income is 0.4870 and is
significant at the 0.05 level. Figure 3-4 below displays a scatterplot of the relationship between
percent “advantageous” and median household income. This information suggests that the two
variables are somewhat related, but actually measure two different phenomena. So, the results
of the validation analysis are likely to reflect this fact.

46

Note that because of data restrictions, not all counties in every MSA is included in the MSA analysis.
The following is a list of jurisdictions in one of the studied MSAs but not included in the MSA analysis. The
MSA is listed first, followed by the jurisdictions in that MSA that are excluded from this analysis. Atlanta:
Heard, Jasper, Lamar, and Pike Counties (GA); Chicago: Newton County (IN); Washington, DC:
Washington, DC, Clarke County (VA), and Falls Church City and Manassas Park City (VA), Dallas-Ft. Worth:
Delta and Rockwall Counties (TX); and New York City: Pike County (PA) and Somerset County (NJ). All But
Washington, DC are excluded because they do not meet the threshold of 20,000 residents required for
Census American Community Survey three-year estimates. Washington, DC is not included because data
on higher education funding is not available for it.
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Figure 3-4.

Scatterplot of Median Household Income and Percent “Advantageous,” 2005-07
estimates and 2006 data, respectively

NOTE: The x-axis shows the value of the variable “adv,” which is the dependent variable in the main analysis in this
model. It can be defined as the percent of each county’s population in 2006 that is employed in “advantageous”
industry groups, as defined in Figure A-13. The y-axis shows the value of the variable “hhy,” which is median
household income for each county, from 2005-07 estimates.
The data are restricted to counties with over 20,000 residents, according to the 2005-07 Census estimates. In
addition, 6 Louisiana Parishes affected by Hurricanes Katrina and Rita are excluded because unemployment data for
those parishes were not reported for 2006. The correlation of these two variables is 0.4870, and that correlation is
significant at the 0.05 level.
SOURCE: Data to calculate each county’s percent Advantageous are from the U.S. Department of Labor, Bureau of
Labor Statistics, Quarterly Census of Employment and Wage Program. Each county’s median household income is
from the U.S. Census Bureau, American Community Survey, 2005-07 estimates.

The regression models
The variables described above are the components of the three regression models used
in this dissertation, the main model, the validation model, and the MSA subanalysis model.
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Initial versions of these models are described below, although a more detailed discussion of
each is contained in Chapter IV.
The main analysis model
The first version of the main regression model is called model M-1, and the second is
called M-2. Both of these models are presented in this chapter, but further refinements are
presented in Chapter IV. Model M-1 is intentionally designed to be the simplest versions of the
model of influences on the dependent variable. This model only measures the relationships
between the dependent variable and the independent variables of primary interest. Model M-1
takes the form described below.
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +

(M-1)

𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝜀
Where
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛

=

Percent of workforce of county j that is employed in the advantageous
industry groups in nation n (𝑎𝑑𝑣𝑖,𝑛 ) in year i

Given that
𝑎𝑑𝑣𝑖,𝑛

=

The “advantageous” industry groups in nation n in year i

𝛼

=

Intersection value

𝛽1 …𝛽𝑛

=

Beta coefficients, to be determined by the analysis

𝑏𝑎𝑚𝑎𝑖,𝑗

=

Higher education
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𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗

=

Public AA, 1 - 80

𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗

=

Public AA, 81 - 110

𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗

=

Public AA, 111 - 160

𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗

=

Public AA, 161 - 1,488

𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗

=

Public BA, 1 - 80

𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗

=

Public BA, 81 - 150

𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗

=

Public BA, 151 - 1,691

𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗

=

Public R&D, $5 - $632

𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗

=

Public R&D, $669 - $42,240

𝑙𝑠𝑡𝑓𝑢𝑛𝑑1𝑖,𝑠,𝑗

=

State funding, $634,476 - $39,820,448

𝑙𝑠𝑡𝑓𝑢𝑛𝑑2𝑖,𝑠,𝑗

=

State funding, $39,879,708 - $905,113,757

Model M-1 is designed to only serve as a reference point, to measure the role of the
independent variables of primary interest, without accounting for the other independent
variables. Model M-2, however, allows the rest of the independent variables to enter the
equation. It takes the form described below.
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𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 +
𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 +
𝛽19 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽20 𝑙𝑝𝑜𝑝𝑑𝑒𝑛 + 𝛽21 𝑎𝑖,𝑗 + 𝛽22 𝑏𝑖,𝑗 + 𝛽23 𝑖,𝑗 +
𝛽24 𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗 + 𝛽25 𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗 + 𝛽26 𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗 + 𝜀
Where the variables are as specified above, with the following additions.
𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗

=

Private AA, 1 - 15

𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗

=

Private AA, 16 - 77

𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗

=

Private BA, 1 - 30

𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗

=

Private BA, 81 - 110

𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗

=

Private BA, 111 - 160

𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗

=

Private R&D, $12 - $160

𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗

=

Private R&D, $2,003 - $51,992

𝑢𝑛𝑐𝑎𝑝𝑖,𝑗

=

Unemployment rate

𝑙𝑝𝑜𝑝𝑑𝑒𝑛𝑖,𝑗

=

Population density

𝑎𝑖,𝑗

=

Percent Asian
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(M-2)

𝑏𝑖,𝑗

=

Percent Black

𝑖,𝑗

=

Percent Hispanic

𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗

=

Northeast Census Region

𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗

=

South Census Region

𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗

=

West Census Region

Further refinements are made to M-2 and another version of the model is created and
run. The design of and results from all models are described in Chapter IV.
The Validation Model
In addition to the main regression, a validation analysis is also performed. The
validation model mirrors model M-2, except that median household income, a more
conventional dependent variable, is used. The model for the validation analysis, called V-1,
takes the form below.
𝑦𝑖,𝑗 =

𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 +
𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 +
𝛽19 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽20 𝑙𝑝𝑜𝑝𝑑𝑒𝑛 + 𝛽21 𝑎𝑖,𝑗 + 𝛽22 𝑏𝑖,𝑗 + 𝛽23 𝑖,𝑗 +
𝛽24 𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗 + 𝛽25 𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗 + 𝛽26 𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗 + 𝜀
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(V-1)

Where the variables are as specified above, with the following addition:
𝑦𝑖,𝑗

=

Median household income

The MSA Subanalysis Model
The third analysis in this dissertation is the MSA subanalysis. The model for this inquiry
is designed to determine if any subnational effects are different than national effects, and to see
if those effects may vary by region. The initial model for the MSA-level subanalysis, called S-1, is
below.
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +

(S-1)

𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑1𝑖,𝑗 + 𝛽12 𝑙𝑠𝑡𝑓𝑢𝑛𝑑2𝑖,𝑗 + 𝜀
Where the variables are specified as above, with the following addition.
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘

=

Percent of workforce of county j that is employed in the advantageous
industry groups in MSA k (𝑎𝑑𝑣𝑖,𝑘 ) in year i

Given that
𝑎𝑑𝑣𝑖,𝑘

=

The “advantageous” industry groups in MSA k in year i

As with the main analysis, Model S-1 only measures the independent variables of
primary interest, without accounting for the other independent variables. Model S-2 contains
the rest of the independent variables in the analysis database and is provided below.
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𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑1𝑖,𝑗 + 𝛽12 𝑙𝑠𝑡𝑓𝑢𝑛𝑑2𝑖,𝑗 +
𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 + 𝛽17 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 +
𝛽19 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 + 𝛽20 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽21 𝑙𝑝𝑜𝑝𝑑𝑒𝑛𝑖,𝑗 + 𝛽22 𝑎𝑖,𝑗 +
𝛽23 𝑏𝑖,𝑗 + 𝛽24 𝑖,𝑗 + 𝛽25 𝑦𝑖,𝑗 + 𝛽26 𝑛𝑦𝑐𝑗 + 𝛽27 𝑐𝑖𝑗 + 𝛽28 𝑝𝑖𝑗 +
𝛽29 𝑑𝑓𝑤𝑗 + 𝛽30 𝑚𝑖𝑎𝑗 + 𝛽31 𝑑𝑐𝑗 + 𝛽32 𝑎𝑡𝑙𝑗 + 𝛽33 𝑑𝑒𝑡𝑗 + 𝜀
The variables are as specified above, with the following additions:
𝑛𝑦𝑐𝑗

=

New York City MSA

𝑐𝑖𝑗

=

Chicago MSA

𝑝𝑖𝑗

=

Philadelphia MSA

𝑑𝑓𝑤𝑗

=

Dallas-Ft. Worth MSA

𝑚𝑖𝑎𝑗

=

Miami MSA

𝑑𝑐𝑗

=

Washington, DC MSA

𝑎𝑡𝑙𝑗

=

Atlanta MSA

𝑑𝑒𝑡𝑗

=

Detroit MSA
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(S-2)

Summary and Next Steps
This chapter describes how the variables to be used in this dissertation are obtained,
formatted, and combined to create a usable database of county-level data. The independent
variables of primary importance include those on education level, size of the public-IHE student
population, R&D spending at public IHEs and state funding for education. Other independent
variables include the size of the private-IHE student population, R&D spending at private IHEs,
unemployment rate, population density, race/ethnic makeup, geography, and median
household income. The dependent variable in the main analysis and the MSA subanalysis is the
share of each county’s population employed in “advantageous” industry groups. In the
validation analysis, per-capita income is the dependent variable. “Advantageous” industry
groups are determined to be those with higher-than-average annual employment growth,
higher-than-average pay, and a presence in all nine Census Divisions.
After the analysis database is created, three types of analyses are conducted. First, a
regression model is run to determine the relative input that each independent variable has on
the dependent variable. Second, the model is validated by running a parallel regression model
with the alternate dependent variable.
Third, the original model is run again but instead of using data from counties across the
country this subanalysis only includes counties from each of the 10 largest Metropolitan
Statistical Areas (MSAs) in the nation, 47 to determine if regional variation might have been
obscured in the national analysis and to determine if focusing only on MSAs produces different

47

The 10 largest MSAs, according to the July 1, 2006 population estimates from the U.S. Census Bureau
are New York; Los Angeles; Chicago; Philadelphia; Dallas-Fort Worth; Miami; Houston; Washington, DC;
Atlanta; and Detroit. These MSAs are located in five of the Census Bureau’s nine Divisions.
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results. 48 This subanalysis is not an exhaustive examination of subnational findings from this
type of analysis. Rather, it is designed to highlight the effects of analyzing MSAs rather than the
nation as a whole and to showcase possible regional variations in measurable effects of the
independent variables. Once the MSA-level analysis is conducted, changes to the model are
noted as necessary.
The next chapter describes the steps taken to fit and run the regression models with the
independent and dependent variables described above. The results of these models are
described, and refinements are made to better understand the effects of significant variables
and to account for spurious relationships.

48

In the substudy, the model is run only on counties within each of these 10 MSAs. Also, in this substudy,
each MSA’s own list of advantageous industry groups is determined and the percent of workers in
“advantageous” jobs in each county in that MSA is calculated. This process is described in greater detail in
the next chapter.
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CHAPTER IV
ANALYSIS AND RESULTS

This chapter describes how the regression analyses introduced in Chapter III are
performed, and provides the results of those analyses. Beginning with the main regression
model, tests for correlation are preformed and the initial model (M-1) is run. As the model is
refined, additional tests for multicollinearity and heteroskedasticity are run until the final
version is specified and the results are presented. While the main model is being specified, a
validation model is run to examine the effect of using the new dependent variable designed for
this analysis. Finally, the initial MSA version of the model (S-1) is run. Diagnostic tests are
performed, that model is fitted and results are presented.

Fitting the Model for the Main Analysis
The main analysis in this dissertation is a regression equation that models the percent of
workers in “advantageous” industry groups by a series of independent variables. Several
versions of this model are presented below, with each serving as a refinement of the one before
it. They are each explained in order.
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Model M-1
The model for the main analysis, specified in Chapter III is as follows:49
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +

(M-1)

𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝜀
The variables are as noted in Chapter III.
This model is called regression model M-1. The full results of regression model M-1 are
provided in Appendix A, as Figure A-30. This model is only used as a reference point, to
illustrate the relationship between the dependent variable and the independent variables of
primary interest. The results from M-1 can be compared to later versions of the main analysis
model, which contain additional independent variables, to determine the effects of adding
those additional independent variables. Table 4-1 below provides a summary of the results
from model M-1.

49

See Chapter III or Figures A-2 through A-5 and A-13 in Appendix A for more information about each of
the variables in this model.
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Table 4-1.

Summary of the results from model M-1

Variable label

Coefficients

Beta coefficients

Education

0.32*

0.5*

Public AA, 1-80

2.74*

0.21*

Public AA, 81-110

2.44*

0.08*

Public AA, 111-160

0.7*

0.02*

Public AA, 161-1,488

-0.44*

-0.01*

Public BA, 1-80

2.59*

0.16*

Public BA, 81-150

-0.89*

-0.03*

Public BA, 151-1,691

-5.25*

-0.22*

Public R&D, $5-$632

1.08*

0.05*

Public R&D, $669-$42,240

1.47*

0.07*

State Funding, $634,476-$39,820,448

-0.58*

-0.04*

State Funding, $39,879,708-$905,113,757

1.22*

0.08*

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.53. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-5 and A13.

The results of Model M-1 indicate that, when only the independent variables of primary
interest are examined, education has the greatest effect on the percent of workers in
“advantageous” industries.50 Holding all other variables constant, an increase of one percentage
point in education is associated with an increase of 0.3 percentage points in the dependent
variable. Interestingly, the next largest effect is a negative one, for Public BA, 151-1,691.
Holding everything else constant, counties with the highest rates of Public BA students have a
percent of workers in advantageous industries that is 5 percentage points lower than counties
with no Public BA students. This relationship will be explored in more detail later in this chapter,
50

Note that throughout this chapter, the size of variables beta coefficients are referenced, using terms
such as “greatest effect,” or “increased in strength.” Note that these terms are meant to describe the
absolute size of the variable’s beta coefficient, without regard to whether the coefficient is positive or
negative. So, a variable with a beta coefficient of -0.4 may be said to have a greater effect than one with
a beta coefficient of 0.2.
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and in Chapter V. But, these preliminary findings suggest that a larger public BA student
population, relative to county population, could be associated with a lower percentage of
workers in “advantageous” industries. This may be the case because in those counties,
university employees (who are not classified as working in “advantageous” industries) are
crowding out workers in “advantageous” industries.
Of course, this model is a preliminary version of the final analysis model, so not much
should be read into its findings. In addition, it has an R-squared of only 0.53, so almost half of
the variation in the dependent variable is not accounted for by the variables in this model. So,
these coefficients and beta coefficients should only be used as a reference point.
In addition to running model M-1, diagnostic tests are performed on the model, to
determine if the assumptions necessary for OLS regression are met. The results of those tests, a
variance estimation factors (VIF) test for multicollinearity, and a test for heteroskedasticity
(hettest) are in Appendix A, as Figures A-31 and A-32. They indicate that the M-1 does not
suffer from multicollinearity, but that heteroskedasticity could be present. As further
refinements are made to the main analysis model, and different versions are used, these tests
will be run again. Any multicollinearity or heteroskedasticity in the final version of the main
model will be addressed. But, because of the numerous variable transformations described in
Chapter III, these problems have likely already been addressed.
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Model M-2
The next model includes most of the remaining independent variables that will
eventually enter the main analysis model.51 The equation for Model M-2, as specified in Chapter
III, is as follows:
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 +

(M-2)

𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 +
𝛽19 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽20 𝑙𝑝𝑜𝑝𝑑𝑒𝑛 + 𝛽21 𝑎𝑖,𝑗 + 𝛽22 𝑏𝑖,𝑗 + 𝛽23 𝑖,𝑗 +
𝛽24 𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗 + 𝛽25 𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗 + 𝛽26 𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗 + 𝜀
The variables are as noted in Chapter III.
The full results of regression model M-2 are provided in Appendix A, as Figure A-33, and
summarized in Table 4-2. The variables in model M-2 account for 62 percent of the variation of
the dependent variable, which is an improvement from model M-1, and which is expected since
additional explanatory variables have been added to the model. In addition, the diagnostic tests
are also run, and like for model M-1, they suggest the absence of multicollinearity but the
possibility of heteroskedasticity in model M-2. These results can be seen in Appendix A, as
Figures A-34 and A-35.
51

Median household income is not in model M-2 because it serves as the dependent variable in the
validation analysis. After the validation analysis is performed, median household income will enter the
main analysis model.
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Table 4-2.

Summary of the results from model M-2

Variable label

Coefficients

Beta coefficients

Education

0.24*

0.37*

Public AA, 1-80

1.48*

0.11*

Public AA, 81-110

1.35*

0.05*

Public AA, 111-160

-0.12*

0*

Public AA, 161-1,488

-0.44*

-0.01*

Public BA, 1-80

1.24*

0.08*

Public BA, 81-150

-0.8*

-0.03*

Public BA, 151-1,691

-3.82*

-0.16*

Public R&D, $5-$632

0.67*

0.03*

Public R&D, $669-$42,240

0.33*

0.02*

State Funding, $634,476-$39,820,448

0.19*

0.01*

State Funding, $39,879,708-$905,113,757

0.64*

0.04*

Private AA, 1-15

2.01*

0.11*

Private AA, 16-77

1.63*

0.03*

Private BA, 1-30

0.37*

0.03*

Private BA, 81-110

-0.87*

-0.04*

Private BA, 111-160

-1.67*

-0.04*

Private R&D, $12-$1,610

0.14*

0.01*

Private R&D, $2,003-$51,992

1.83*

0.04*

Unemployment

-0.33*

-0.08*

Population density

1.36*

0.29*

Asian

-0.08*

-0.05*

Black

0.01*

0.02*

Hispanic

0.03*

0.05*

Northeast

0.08*

0*

South

1.24*

0.1*

West

3.21*

0.18*

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.62. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-11 and A13.

Again, the results of model M-2 are not to be interpreted as the findings of this
dissertation, but it is instructive to compare these results to those from model M-1, to
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determine the effect of adding these additional independent variables. The relative strength of
the relationships between the dependent variables and the independent variables of primary
interest do not largely change from model M-1 to M-2 (e.g., the beta coefficient for education
drops from model M-2 to M-3, but it still has the highest beta coefficient among the variables of
primary interest52). But, several variables with significant but low beta coefficients in M-1 do
emerge with nonsignificant coefficients in M-2, namely both measures of Public R&D and the
higher category of State Funding. The beta coefficients on the other variables significant in both
models decrease in model M-2. This is reasonable, given that additional control variables have
been added to M-2.
The control variables with significant effects in M-2 include both levels of Private AA, the
two higher levels of Private BA, the higher level of Private R&D, Unemployment, Population
density, Asian, Hispanic, South and West. Some of these variables have fairly high coefficients.
Population density has a beta coefficient of 0.29. So, holding all else equal, according to model
M-2, a ten-percent increase in population density is associated with a 0.14 percentage-point
increase in the dependent variable. In addition, counties in the West and South tend to have
higher values for the dependent variable, holding all else constant. And, the apparent crowding
out of “advantageous” workers by higher education workers in counties with high relative
student populations is still evident for Public AA and BA. This phenomenon is also evident with
Private AA and BA students. The consistency of this relationship, across all four types of
students, is explored in more detail later in this chapter and in Chapter V.

52

In fact, education consistently has the highest beta coefficient among all variables in all models.
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The validation analysis
Before the final version of the main model is introduced, it will be instructive to validate
the use of the unique dependent variable in this dissertation. This validation analysis is
performed by running model M-2 using a more conventional measure of economic health as the
dependent variable: median household income. The validation model, called V-1, takes the
following form:
𝑦𝑖,𝑗 =

𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 +

(V-1)

𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 +
𝛽19 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽20 𝑙𝑝𝑜𝑝𝑑𝑒𝑛 + 𝛽21 𝑎𝑖,𝑗 + 𝛽22 𝑏𝑖,𝑗 + 𝛽23 𝑖,𝑗 +
𝛽24 𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗 + 𝛽25 𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗 + 𝛽26 𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗 + 𝜀
The variables are as specified in Chapter III.
The full output from model V-1 is provided in Appendix A, as Figure A-36. In addition,
the diagnostic tests for multicollinearity and heteroskedasticity are also run, and those results
are provided as Figures A-37 and A-38 in Appendix A. As with previous models, V-1 shows no
evidence for multicollinearity but some for heteroskedasticity. Finally, a table that provides the
significant beta coefficients for both models M-2 and V-1, and the differences between them, is
provided below. Table 4-3 shows the effect of using the more traditional dependent variable
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(median household income) versus the dependent variable developed for this dissertation
(percent of workers in “advantageous” industries).

Table 4-3.

Significant beta coefficients and differences between models M-2 and V-1

M-2 beta
coefficients

V-1 beta
coefficients

Difference
(V-1 minus M2, rounded) if
both are
significant

Education

0.37

0.62

0.3

Public AA, 1-80

0.11

Public AA, 81-110

0.05

Variable label

Public AA, 111-160

Value if
significant
in M-2 only

Value if
significant
in V-1 only

0.11
-0.03

-0.1

-0.04

-0.04

Public AA, 161-1,488
Public BA, 1-80

0.08

Public BA, 81-150
Public BA, 151-1,691

-0.08

-0.2

-0.08
-0.16

-0.24

-0.08
-0.1

Public R&D, $5-$632
Public R&D, $669-$42,240
State Funding,
$634,476-$39,820,448
State Funding,
$39,879,708-$905,113,757

-0.11

-0.11

-0.08

-0.08

-0.08

-0.08

Private AA, 1-15

0.11

-0.06

-0.2

Private AA, 16-77

0.03

-0.04

-0.1

Private BA, 1-30

-0.06

-0.06

Private BA, 81-110

-0.04

-0.11

-0.1

Private BA, 111-160

-0.04

-0.11

-0.1

Private R&D, $12-$1,610
Private R&D,
$2,003-$51,992

0.04

-0.04

-0.1

Unemployment

-0.08

-0.16

-0.1

Population density

0.29

0.30

0.0

See notes at end of Table 4-3.
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Table 4-3.

Variable label
Asian

Significant beta coefficients and differences between models M-2 and V-1—
Continued

M-2 beta
coefficients

V-1 beta
coefficients

Difference
(V-1 minus M2, rounded) if
both are
significant

-0.05

0.10

0.2

Black

Value if
significant
in M-2 only

Value if
significant
in V-1 only

-0.06

Hispanic

-0.06

0.05

0.05

Northeast
South

0.10

West

0.18

-0.17

-0.3
0.18

Note: These values have been rounded off. To see the full values, refer to Figures A-33 and A-36 in Appendix A.
Shaded cells in the “Independent” variables signify variables that have nonsignificant coefficients in both models.
Shaded cells in the “M-2 beta coefficients” or “V-1 beta coefficients” column denote a nonsignificant coefficient only
in that model. If a variable has a significant coefficient in both models, the difference between the two is in the
“Difference (V-1 minus M-2, rounded) if both are significant” column. If only one or the other model produces a
significant coefficient for a variable, that coefficient is reproduced in the appropriate of the two final columns. The
adjusted 𝑅2 for model M-2 is 0.62, and for V-1. It is 0.69.

The comparison between the significant beta coefficients of models M-2 and V-1
provide some insight into the dependent variable developed in this dissertation. Perhaps most
interesting is that a number of variables emerged in model V-1 with negative coefficients, while
in model M-2 they are either nonsignificant (7 variables) or have positive coefficients (5
variables). The largest change among these variables is with Public BA, 1-80 and Private AA, 115. Both of these variables have a beta coefficient in model V-1 that is 0.2 lower than in model
M-2. Public BA, 1-80 goes from a beta coefficient of 0.08 in M-2 to -0.08 in V-1. For Private AA,
1-15 the change is from 0.11 in M-2 to -0.06 in V-1.
One explanation for these variables’ changes in relationship with the dependent
variable is that, with two exceptions (Black and South) the variables that have negative
coefficients in model V-1 but not in M-2 are affected by the size of the student population in the
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county. So, if a county has more students, model V-1 suggests that they will have a lower
median household income. But, model M-2 does not suggest that more students necessarily
result in lower percentages of workers in “advantageous” industries.53
This distinction highlights one of the main differences between these two dependent
variables. The percent of workers in “advantageous” industries counts the number of people in
jobs that are deemed to be part of “advantageous” industries, and divides that number by the
total number of workers in the county. So, since most students do not work, they are not
counted in the numerator or denominator of that dependent variable. But, median household
income measures all of the household incomes of the county, and presents the median case.
Students, at least those who live away from home, tend to live in households where not every
member (if any) has a job. So, they are counted when determining a county’s median
household income, but they tend to drag that median down.
In addition to the major differences in the sign of beta coefficients in the two models,
there are some overall differences in the contribution that each significant variable makes to the
variance in the dependent variable. The largest difference between the beta coefficients of two
variables that are significant in both models is for education, which has a beta coefficient that is
0.3 higher in V-1, and South, which is 0.3 lower in V-1. In addition, Public BA, 1-80 and Private
AA, 1-15 have beta coefficients 0.2 lower in V-1. Also, the negative coefficient of Asian in M-2
increased by 0.2 in model V-1. Finally, there are several variables that have significant

53

Some variables associated with student populations do have that effect in the main model, but not all
of them do, indicating that there is a complex relationship between those variables and the percent of
workers in “advantageous” jobs. That relationship is explored later in this chapter. In contrast, in the
validation model, all significant variables affected by student population have negative coefficients.
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coefficients only in model V-1, but the largest beta coefficient among them (for Public R&D,
$669-$42,240) is -0.11, which is not all that large.
The fact that many significant coefficients have positive signs in M-2 and negative ones
in V-1 suggests that M-2 is not validated by V-1. Conducting the analysis of this dissertation with
median household income as the dependent variable, instead of percentage “advantageous”
jobs would produce very different results, because the two variables measure two different
phenomena. So the findings and conclusions from this dissertation, discussed in this chapter
and in Chapter V, are not only functions of the independent and control variables chosen, but
also of the new dependent variable: percent “advantageous” jobs.
Since percent “advantageous” jobs will not produce the same results as median
household income, there should be a compelling reason to use it rather than median household
income as the dependent variable. One reason is that, as shown in the validation analysis,
median household income can be negatively affected by large numbers of students. When
analyzing the role that higher education plays in economic performance, a variable less affected
by local student populations is preferable to one that is. Low median household income in
households of students is not necessarily reflective of a depressed economic in the way that low
median household income in households of low-wage workers could be. For this reason,
percent “advantageous” jobs is a more appropriate measure when examining higher education’s
role in economic performance.54

54

Note that if change in median household income were used as the dependent variable in the validation
analysis, the differences between the two models may not have been so stark. But, such an analysis is
beyond the scope of this dissertation.
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Model M-3
As explained above, median household income measures a phenomenon distinct from
the dependent variable in the main analysis. So, to improve the explanatory power of that main
analysis, median household income is added to the main analysis, to form model M-3. Model
M-3 is provided below.
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑛 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 +

(M-3)

𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 +
𝛽19 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽20 𝑙𝑝𝑜𝑝𝑑𝑒𝑛 + 𝛽21 𝑎𝑖,𝑗 + 𝛽22 𝑏𝑖,𝑗 + 𝛽23 𝑖,𝑗 +
𝛽24 𝑐𝑒𝑛𝑟𝑒𝑔𝑛𝑒𝑗 + 𝛽25 𝑐𝑒𝑛𝑟𝑒𝑔𝑠𝑗 + 𝛽26 𝑐𝑒𝑛𝑟𝑒𝑔𝑤𝑗 + 𝛽27 𝑦𝑖,𝑗 + 𝜀
The variables are as specified in this chapter and in Chapter III.
The full results of model M-3 can be found in Appendix A, as Figure A-39. And, the
results of the diagnostic tests are provided in Appendix Figures A-40 and A-41. As with the
diagnostics on earlier models, these indicate that there is little concern for multicollinearity, but
that the model may suffer from heteroskedasticity.
Much of the variable transformations explained in Chapter III have accounted for the
nonlinear relationships that often cause multicollinearity. But, as a final test, model M-3 is run
again, this time using a robust regression model, an alternative to the OLS regression used
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throughout this dissertation. The estimates produced by robust regression are less affected or
biased by skewed residuals or outliers (Andersen 2008).
The robust version of model M-3 is called M-3R, and its results can be found in Appendix
A, as Figure A-42. The coefficients from M-3R are slightly different than those from model M-3,
but no major changes are present. Because accounting for possible heteroskedasticity through
M-3R does not produce results wholly different than those from M-3, it is assumed that M-3
does not suffer from heteroskedasticity and its results can be interpreted as the results from the
main analysis of this dissertation.

Interpreting the Results of the Main Analysis
In this chapter, several versions of the main analysis model have been proposed, run,
and tested. Model M-3, as described above, serves as the final version of the main analysis
model. So its results, which are summarized in Table 4-4 below, are considered the main
findings from this dissertation.
The variables in model M-3 account for 62 percent of the variation in the dependent
variable. The variable of primary interest with the strongest relationship to the dependent
variable is education. Holding all else equal, an increase of 10 percentage points in the percent
of residents with a 4-year college degree or more education is associated with an increase in the
percentage of workers in “advantageous” industry groups of 2 percentage points. Among
counties in this analysis, the mean percentage of workers in “advantageous” industries is about
12.5 percent, so the relationship between education level and the dependent variable is a fairly
strong one.

84

Table 4-4.

Summary of the final model in the main analysis (M-3)

Variable label

Coefficients

Beta coefficients

0.2*

0.3*

Public AA, 1-80

1.52*

0.12*

Public AA, 81-110

1.45*

0.05*

Public AA, 111-160

0.03*

0*

Public AA, 161-1,488

-0.37*

-0.01*

Public BA, 1-80

1.38*

0.08*

Public BA, 81-150

-0.54*

-0.02*

Public BA, 151-1,691

-3.2*

-0.13*

Public R&D, $5-$632

0.67*

0.03*

Public R&D, $669-$42,240

0.58*

0.03*

State Funding, $634,476-$39,820,448

0.31*

0.02*

State Funding, $39,879,708-$905,113,757

0.77*

0.05*

Private AA, 1-15

2.12*

0.11*

Private AA, 16-77

1.82*

0.04*

Education

Private BA, 1-30

0.47*

0.03*

Private BA, 81-110

-0.63*

-0.03*

Private BA, 111-160

-1.12*

-0.02*

0.2*

0.01*

Private R&D, $2,003-$51,992

2.02*

0.05*

Unemployment

-0.26*

-0.06*

Population density

1.21*

0.26*

Asian

-0.1*

-0.06*

Black

0.01*

0.03*

Hispanic

0.03*

0.05*

Northeast

0.08*

0*

South

1.47*

0.12*

West

3.2*

0.18*

0.06*

0.11*

Private R&D, $12-$1,610

Median household income

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.62. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-13.

The other variables of primary interest that have significant relationships with the
dependent variable are several levels of Public AA and Public BA. In fact, the relationship these
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variables have with the percent of workers in “advantageous” industry groups is somewhat
counterintuitive, since it takes on a nonlinear form. Public AA, 1-80; Public AA, 81-110; and
Public BA, 1-80 are all associated with higher values of the dependent variable, compared to
counties with no public 2-year or 4-year students, all else being equal. Counties with low rates
of public 2-year students have dependent variables that are 1.5 percentage points higher than
counties with no public 2-year students, if all else is equal. Counties with low rates of public 4year students have a value for the dependent variable that is 1.4 percentage points higher than
counties with no public, 4-year students, if other variables are constant.
But, as the rate of public students to residents increases, the change in the dependent
variable ceases outright or even reverses. Public AA, 111-160 and Public AA, 161-1,488 are
associated with a dependent variable that is not statistically significantly different than no Public
AA students, if all else is equal. Public BA, 81-150 is also associated with a dependent variable
with no statistically significant difference from no Public BA students, if all else is held constant.
As the rates of public students to residents gets into the highest level, the positive
relationship with the dependent variable is reversed. Public BA, 151-1,691 is associated with a
decrease of 3.2 percentage points in the dependent variable, if all else is equal. These findings
suggest that the benefit of having students in your county works only if the rates of students to
residents is low. This complex relationship will be further analyzed in Chapter V.
Finally, there was no statistically significant difference in the dependent variable based
State Funding or Public R&D, when other variables are held constant.
Some of the control variables also have significant beta coefficients in this model. If all
other variables are equal, an increase in population density of 10 percentage points is
associated with an increase of 0.12 percentage points in the dependent variable. The regional
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variables were also associated with large differences in the dependent variable. All else being
equal, counties in the West have percentages of their workforce in “advantageous” industry
groups that are 3.2 percentage points higher than counties in the Northeast or Midwest. In
addition, counties in the South have percentages of workers in “advantageous” industry groups
that are 1.5 points higher than counties in the Northeast or Midwest, if all else is equal. These
findings suggest that counties in the West and South tend to have a built-in lead when it comes
to “advantageous” industries.
Private AA shows a relationship similar to that found for Public AA and BA. Counties
with low rates of students in private 2-year IHEs (Private AA, 1-15) have percentages of
“advantageous” workers that are 2.1 percentage points higher than counties with no students in
private 2-year IHEs, if all else is equal. For counties with higher rates of private 2-year students
(Pri AA, 16-77) the positive effect is slightly lower, an increase of 1.8 points in their percent of
“advantageous” workers, compared to counties with no private 2-year students, holding all else
constant. For Private BA, no level is associated with a dependent variable that is higher than
that for no students in private, 4-year IHEs.
Median household income is also associated positively with the dependent variable. If
all else is equal, a county with a median household income that is $10,000 greater than another
county will have a percentage of workers in “advantageous” industry groups that is about 0.6
percentage points higher than the other county. The unemployment rate was similarly related
to the dependent variable, although not as strongly. For every percentage point that a county’s
unemployment rate decreases, if all else remained the same, their percentage of workers in
“advantageous” industry groups tends to increase by 0.3 points.
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Race did have some relationship to the dependent variable. Counties with lower
percentages of Asian residents tended to have higher percentages of their workers in
“advantageous” industry groups. All else equal, a decrease of one point in the percent of
residents who identify as Asian is associated with an increase of the percentage of workers in
“advantageous” industry groups of 0.1 points. There was also a significant, positive, but very
small effect for the percentage of Hispanic residents. As that percentage rose a point, if all else
were held equal, the percent of workers in “advantageous” industries tends to rise 0.03 points.
The only measure of R&D spending that emerged as significantly related to the
dependent variable is the control variable Private R&D, $2,003-$51,992. A county with that
level of Private R&D, holding all else equal, has a percentage of “advantageous” workers that is
2 percentage points higher than a county with the same variables except without that high
Private R&D budget. This rate of R&D budget per student is extremely high, however, and only
38 of the 1,810 counties in this dissertation meet that criterion.

Fitting the Model for the MSA Subanalysis
The remaining analysis in this dissertation is a modification of the main analysis, to
specifically study the relationship between the dependent and independent variables in the
nation’s largest metropolitan statistical areas (MSAs). This MSA subanalysis is designed as a
parallel to the main analysis, with several key differences. As explained in the previous chapter,
this subanalysis only examines counties in the 10 largest MSAs in the United States. And, the
determination of the largest MSAs is made based on the total population of those MSAs in the
Census Bureau’s 2006 population estimates. Some counties within these large MSAs might
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actually have fairly small populations.55 Several versions of the MSA subanalysis model are
presented below, with each serving as a refinement of the one before it.

Model S-1
The model for the main analysis, specified in Chapter III is as follows:56
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +

(S-1)

𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑1𝑖,𝑗 + 𝛽12 𝑙𝑠𝑡𝑓𝑢𝑛𝑑2𝑖,𝑗 + 𝜀
The variables are as specified as in Chapter III.
This is regression model S-1, and its results can be found in Appendix A, as Figure A-43.
As with model M-1, these outcomes are only used as a reference point, to illustrate the
relationship between the dependent variable and the independent variables of primary interest.
These results will be compared to later versions of the subanalysis, to determine the effects of
adding additional independent variables. A summary of the results from S-1 are in Table 4-5
below. Diagnostic tests are also performed in this model, to check for multicollinearity and
heteroskedasticity. The results are in Appendix A, as Figure A-44 and A-45. One VIF value is
over 5, indicating that it is possible that inclusion of this variable in later models will introduce

55

For example, my home county of Jefferson County, West Virginia is included in the Washington, DC
th
MSA, but it has a population of 49,695, which is only in the 48 percentile for county population among
the 1,810 counties in this dissertation.
56
See Chapter III or Figures A-2 through A-5 and A-13 in Appendix A for more information about each of
the variables in this model.
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multicollinearity to the model, so it will be monitored in later versions. There is no evidence of
heteroskedasticity.

Table 4-5.

Summary of the results from model S-1

Variable label

Coefficients

Beta coefficients

Education

0.19*

0.43*

Public AA, 1-80

0.59*

0.06*

Public AA, 81-110

1.83*

0.03*

Public AA, 111-160

-0.1*

0*

Public AA, 161-1,488

-2.02*

-0.04*

Public BA, 1-80

-0.01*

0*

Public BA, 81-150

-3.59*

-0.11*

Public BA, 151-1,691

-6.62*

-0.26*

Public R&D, $5-$632

1.21*

0.08*

Public R&D, $669-$42,240

3.47*

0.26*

State Funding, $634,476-$39,820,448

2.57*

0.15*

State Funding, $39,879,708-$905,113,757

1.66*

0.16*

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.36. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-5 and A-13

This model has an R-squared of only 0.36, so only about a third of the variation in the
dependent variable is accounted for by the variables in this model. Having said that, there are
fairly high significant beta coefficients for three variables in model S-1: education; Public BA,
151-1,691; and Public R&D, $669-$42,240. The other variables did not emerge with significant
coefficients.
The three variables with significant coefficients in model S-1 also had among the highest
significant coefficients in the main model M-1. So some of the forces that shaped the national
analysis are at work in the MSA analysis in a similar fashion. Of course, at this point, the MSA
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analysis has far fewer variables with significant coefficients than the national model. This may
be the case because there are far fewer cases in the MSA analysis, which makes finding
significant effects more difficult.57

Model S-2
The next model includes all of the remaining independent variables that will eventually
enter the main analysis model. Note that in the MSA subanalysis, the geography variables are
different than in the main analysis; they are indicator variables of the MSA to which each county
belongs. The equation for Model S-2, as specified in Chapter III, is as follows:
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑙𝑠𝑡𝑓𝑢𝑛𝑑1𝑖,𝑗 + 𝛽12 𝑙𝑠𝑡𝑓𝑢𝑛𝑑2𝑖,𝑗 +

(S-2)

𝛽13 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 +
𝛽16 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 + 𝛽17 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 + 𝛽18 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 +
𝛽19 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 + 𝛽20 𝑢𝑛𝑐𝑎𝑝𝑖,𝑗 + 𝛽21 𝑙𝑝𝑜𝑝𝑑𝑒𝑛𝑖,𝑗 + 𝛽22 𝑎𝑖,𝑗 +
𝛽23 𝑏𝑖,𝑗 + 𝛽24 𝑖,𝑗 + 𝛽25 𝑦𝑖,𝑗 + 𝛽26 𝑛𝑦𝑐𝑗 + 𝛽27 𝑐𝑖𝑗 + 𝛽28 𝑝𝑖𝑗 +
𝛽29 𝑑𝑓𝑤𝑗 + 𝛽30 𝑚𝑖𝑎𝑗 + 𝛽31 𝑑𝑐𝑗 + 𝛽32 𝑎𝑡𝑙𝑗 + 𝛽33 𝑑𝑒𝑡𝑗 + 𝜀
The variables are as noted in Chapter III.
The results of model S-2 are provided in full in Appendix A, as Figure A-46. A summary
of the results is provided in Table 4-6 below.

57

In the MSA analysis, there are only 118 counties. In the main analysis, 1,810 counties are examined.
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The variables in Table 4-6 account for about 81 percent of the variation of the
dependent variable, a high value. The diagnostic tests are also run, and their results are
presented in Appendix Figures A-47 and A-48. They indicate even greater concern for
multicollinearity, since several variables now have a VIF score over 5. But, until the final MSA
subanalysis model specified, actions are not taken to address these potential problems. There is
no evidence for multicollinearity
There are several differences between the results of models S-1 and S-2. First, the beta
coefficient for education has increased. In addition, Public BA, 151-1,691 and Public R&D, $669$42,240 no longer have significant coefficients. But, Population density does emerge with a
fairly large significant positive beta coefficient.
Finally, some of the MSA indicators have significant coefficients, suggesting that
counties in those MSA have significantly different values for the dependent variable, holding all
else constant, than the reference MSA, Houston. The model indicates that the New York City
and Washington DC MSA counties had lower values for the dependent variable than Houston,
holding all else equal, and that counties in the Los Angeles, Miami, and Atlanta MSAs had higher
values for the dependent variable than Houston, holding all else constant.
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Table 4-6.

Summary of the results from model S-2

Variable label
Education
Public AA, 1-80
Public AA, 81-110
Public AA, 111-160
Public AA, 161-1,488
Public BA, 1-80
Public BA, 81-150
Public BA, 151-1,691
Public R&D, $5-$632
Public R&D, $669-$42,240
State Funding, $634,476-$39,820,448
State Funding, $39,879,708-$905,113,757
Private AA, 1-15
Private AA, 16-77
Private BA, 1-30
Private BA, 81-110
Private BA, 111-160
Private R&D, $12-$1,610
Private R&D, $2,003-$51,992
Unemployment
Population density
Asian
Black
Hispanic
Median household income
New York City
Los Angeles
Chicago
Philadelphia
Dallas-Ft. Worth
Miami
Washington, DC
Atlanta
Detroit

Coefficients
0.25*
0.44*
0.32*
-0.21*
-2.82*
-0.32*
-0.37*
-2.31*
-0.2*
0.71*
1.24*
1.34*
0.57*
-2.45*
0.87*
0.82*
2.13*
-0.27*
0.91*
0.27*
1.02*
-0.09*
-0.03*
-0.01*
0*
-4.83*
6.3*
-1.56*
3.08*
-1.04*
7.85*
-3.61*
3.82*
2.72*

Beta coefficients
0.57*
0.04*
0.01*
0*
-0.05*
-0.03*
-0.01*
-0.09*
-0.01*
0.05*
0.07*
0.13*
0.05*
-0.07*
0.08*
0.04*
0.04*
-0.02*
0.04*
0.06*
0.29*
-0.07*
-0.09*
-0.02*
0.01*
-0.35*
0.16*
-0.09*
0.17*
-0.06*
0.24*
-0.25*
0.3*
0.11*

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.81. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-13.
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Model S-3
Model S-2 contains all of the variables that are going to be entered into the MSA
subanalysis model. But it shows evidence of multicollinearity, suggesting that further
refinements should be made to the model. One solution is to remove from the model variables
that seem to add to the multicollinearity but not produce significant coefficients on the
dependent variable.
From Figure A-47 in Appendix A, there are two variables in model S-2 with VIF scores of
over 10: Unemployment and the higher value of State Funding. In addition, neither of them
have significant coefficients in model S-2. So, removing them from the model may reduce
multicollinearity. Also, since there are two State Funding variables, both will be removed, since
neither has a significant coefficient in the model.
The result of these changes is model S-3, which is specified below.
𝑦𝑖,𝑗 ,𝑎𝑑𝑣 𝑖,𝑘 = 𝛼 + 𝛽1 𝑏𝑎𝑚𝑎𝑖,𝑗 + 𝛽2 𝑝𝑚𝑝𝑢𝑏𝑎𝑎1𝑖,𝑗 + 𝛽3 𝑝𝑚𝑝𝑢𝑏𝑎𝑎2𝑖,𝑗 +
𝛽4 𝑝𝑚𝑝𝑢𝑏𝑎𝑎3𝑖,𝑗 + 𝛽5 𝑝𝑚𝑝𝑢𝑏𝑎𝑎4𝑖,𝑗 + 𝛽6 𝑝𝑚𝑝𝑢𝑏𝑏𝑎1𝑖,𝑗 +
𝛽7 𝑝𝑚𝑝𝑢𝑏𝑏𝑎2𝑖,𝑗 + 𝛽8 𝑝𝑚𝑝𝑢𝑏𝑏𝑎3𝑖,𝑗 + 𝛽9 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑1𝑖,𝑗 +
𝛽10 𝑙𝑝𝑐𝑝𝑢𝑏𝑟𝑑2𝑖,𝑗 + 𝛽11 𝑝𝑚𝑝𝑟𝑖𝑎𝑎1𝑖,𝑗 + 𝛽12 𝑝𝑚𝑝𝑟𝑖𝑎𝑎2𝑖,𝑗 +

(S-3)

𝛽13 𝑝𝑚𝑝𝑟𝑖𝑏𝑎1𝑖,𝑗 + 𝛽14 𝑝𝑚𝑝𝑟𝑖𝑏𝑎2𝑖,𝑗 + 𝛽15 𝑝𝑚𝑝𝑟𝑖𝑏𝑎3𝑖,𝑗 +
𝛽16 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑1𝑖,𝑗 + 𝛽17 𝑙𝑝𝑐𝑝𝑟𝑖𝑟𝑑2𝑖,𝑗 + 𝛽18 𝑙𝑝𝑜𝑝𝑑𝑒𝑛𝑖,𝑗 + 𝛽19 𝑎𝑖,𝑗 +
𝛽20 𝑏𝑖,𝑗 + 𝛽21 𝑖,𝑗 + 𝛽22 𝑦𝑖,𝑗 + 𝛽23 𝑛𝑦𝑐𝑗 + 𝛽24 𝑐𝑖𝑗 + 𝛽25 𝑝𝑖𝑗 +
𝛽26 𝑑𝑓𝑤𝑗 + 𝛽27 𝑚𝑖𝑎𝑗 + 𝛽28 𝑑𝑐𝑗 + 𝛽29 𝑎𝑡𝑙𝑗 + 𝛽30 𝑑𝑒𝑡𝑗 + 𝜀
The full results of model S-3 can be found in Appendix A, as Figure A-49. A summary is
provided in Table 4-7 below. The only notable effect on the coefficients in this model, as
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compared to S-2 is that Public AA, 1-80 emerges with a small, positive significant coefficient.
But, all of the results of this model will be described in the next section of this chapter.
The results of the diagnostic tests are also provided in Appendix A, as Figures A-50 and
A-51. It is important to note that while some variables in S-3 have a VIF score of over 5, none
are over 10, thereby suggesting that the multicollinearity in earlier versions of the model has
been mitigated in S-3. In addition, as with some previous models, S-3 does not exhibit evidence
of heteroskedasticity. Because of these findings, results from model S-3 can be interpreted as
the results from the MSA subanalysis of this dissertation.

Interpreting the Results of the MSA Subanalysis Analysis
As with the main analysis, there are several versions of the MSA model in this chapter.
Model S-3 is the final version of the MSA subanalysis model and its results are summarized in
Table 4-7 below.
The variables in model S-3 account for 82 percent of the variation in the dependent
variable. This large R-squared emerges after geography is added to the models; so much of the
explanatory power is likely due to the MSA indicator variables. As with the main analysis, the
variable with the significant coefficient of greatest magnitude is for Education. And, the
relationship this variable has with the dependent variable is about the same as in the main
study. In the main study, holding all else equal, an increase of 10 percentage points in the
percent of residents with at least a 4-year degree is associated with in the percentage of
workers in “advantageous” industry groups of 2 percentage points. In the MSA subanalysis, the
same increase in Education is associated with an increase of 2.5 percentage points in the
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Table 4-7.

Summary of the final model in the MSA subanalysis (S-3)

Variable label
Education
Public AA, 1-80
Public AA, 81-110
Public AA, 111-160
Public AA, 161-1,488
Public BA, 1-80
Public BA, 81-150
Public BA, 151-1,691
Public R&D, $5-$632
Public R&D, $669-$42,240
Private AA, 1-15
Private AA, 16-77
Private BA, 1-30
Private BA, 81-110
Private BA, 111-160
Private R&D, $12-$1,610
Private R&D, $2,003-$51,992
Population density
Asian
Black
Hispanic
Median household income
New York City
Los Angeles
Chicago
Philadelphia
Dallas-Ft. Worth
Miami
Washington, DC
Atlanta
Detroit

Coefficients
0.25*
1.39*
1.76*
1*
-1.57*
0.09*
0.62*
-1.17*
-0.28*
0.53*
0.36*
-2.69*
1.08*
0.9*
2.18*
-0.39*
1.03*

Beta coefficients
0.56*
0.13*
0.03*
0.02*
-0.03*
0.01*
0.02*
-0.05*
-0.02*
0.04*
0.03*
-0.08*
0.1*
0.05*
0.04*
-0.03*
0.05*

1.04*
-0.09*
-0.03*
-0.01*
0*
-4.93*
4.84*
-1.66*
3.07*
-1.07*
7.88*
-4.12*
3.63*
3.33*

0.3*
-0.07*
-0.07*
-0.02*
-0.01*
-0.36*
0.12*
-0.1*
0.17*
-0.06*
0.24*
-0.28*
0.28*
0.14*

Note: Significant coefficients (at the 0.05 level) are marked with an asterisk (*). The adjusted 𝑅2 for this model is
0.82. Additional information about each variable is in Chapter III and Appendix A, in Figures A-2 through A-13.

96

dependent variable, if all else is equal.58
The other variable of primary importance with a significant coefficient is Public AA, 1-80.
As in the main analysis, the relationship that enrollment variables have with the dependent
variable takes on a nonlinear form. Public AA, 1-80 is associated with values of the dependent
variable that are 1.4 percentage points higher than counties with no public 2-year students, or
counties with higher rates of public 2-year students, if all else is equal. No other rate of public
or private IHE enrollment, at either 2-year IHEs or 4-year IHEs has a significant coefficient in
model S-3.
The set of control variables with the highest beta coefficients are the geography
variables and population density. New York City and Washington, DC have negative coefficients.
So, those counties have a percent of workers in “advantageous” industries that is 4.9 and 4.1
percentage points lower than counties in the Houston MSA, respectively, if all other variables
are equal.59 Atlanta, Miami, and Los Angeles have positive coefficients. So, if all else is equal,
counties in those MSAs will have a value for the dependent variable that is 3.6, 7.9, and 4.8
points higher than counties in the Houston MSA, respectively.
Another variable with a high beta coefficient is the log of population density. In the
subanalysis model, when all other variables are held constant, an increase in population density

58

Because the mean percent of “advantageous” jobs is lower in the MSA subanalysis than in the main
analysis (9 percent compared to 12.5 percent in the main study), a 2.5-percentage-point increase is a
much greater increase in the MSA subanalysis than a 2-point increase in the main analysis. This is why the
beta coefficient for Education is almost double that of the main analysis.
59
Note that for data-availability reasons, the actual city of Washington, DC is not included in this analysis.
So, measurements of the Washington, DC MSA do not include its core city. This is the only MSA with that
issue, so comparing the Washington, DC MSA to others should be done with caution. Inclusion of the city
of Washington DC in the analysis could affect this negative coefficient.
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of 10 percentage points is associated with an increase of 0.1 percentage points in the dependent
variable.

Summary and Next Steps
This chapter refines the main and subanalysis models, runs them, and reports the
results from their final versions. In addition, a validation analysis is performed in the main
model, to determine the validity of the new dependent variable developed in this dissertation.
The main and the MSA subanalysis both found that the largest influence on a county’s
percent of workers in “advantageous” industries is the education profile of that county.
Counties with larger percentages of college graduates tended to have higher percentages of
workers in “advantageous” industries, if all other variables are held constant.
The presence of students in counties has a complex effect on the percentage of
“advantageous” industries in a county. When all other variables are held constant, low rates of
students per 1,000 residents tend to be associated with higher levels of the dependent variable
than counties with no students. As the rate of students grows, the increase in the dependent
variable drops, and in some cases even reverses. In the main analysis, this trend held true for
students in public, 2-year IHEs, public, 4-year IHEs, and private 2-year IHEs. In the MSA
subanalysis, the trend only appeared for students in public, 2-year IHEs.
Location-based factors also play a heavy role in both the main and MSA subanalysis.
Geography and population density carry strong significant coefficients in both models. In the
main analysis model, counties in the South and the West tended to have higher percentages of
workers in “advantageous” industries, when other variables are held constant. In the MSA
subanalysis, counties in the Atlanta, Miami, and Los Angeles MSAs tended to have higher
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percentages of workers in “advantageous” industries, while the New York City and the
Washington, DC MSAs tended to have lower percentages of workers in “advantageous”
industries. These MSA-level differences are compared to counties in the Houston MSA and are
true when all other variables are held constant. And, in both versions of the analysis, counties
with higher population densities had higher percentages of workers in “advantageous”
industries, when other variables are equal.
Also in the main analysis, increases in median household income are associated with
higher levels of the dependent variable, and increases in unemployment are associated with
decreases in the dependent variable. Both occur if all else is held constant. And, very high
levels of R&D spending at private IHEs are associated with increases in the dependent variable, if
all else is equal. Finally, higher percentages of Asian residents are associated with slightly lower
values of the dependent variable, while higher percentages of Hispanic residents are associated
with slightly higher values of the dependent variable, if all else is held constant.
The next chapter answers the research questions presented in Chapter I. it also
describes the implications of the research reported in this dissertation. Lastly, further research
based on these findings is proposed.
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Chapter V
CONCLUSIONS, IMPLICATIONS AND FUTURE INQUIRY

This dissertation is designed to increase our understanding of how higher education
affects economic development. Traditional research examines this relationship in the
aggregate. A newer approach uses actual data from counties to determine the relationship
between higher education and economic performance. This dissertation departs from that
newer approach by measuring higher education’s relationship to the capacity for future
economic performance, not to current economic health. This chapter first answers the research
questions from Chapter I, then draws conclusions from the findings presented in Chapter IV.
The policy implications from this research are then explored, and areas for future research are
described.

Conclusions from this Research

Research questions and answers
In Chapter I of this dissertation, five research questions are posed. This section of
Chapter V will reiterate each of these questions, and answers them using the research and
findings from the dissertation.
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1. How have the economic effects of higher education been measured in the past?
The literature review in Chapter II explores this issue in some detail. The three
traditional methods of measuring the economic effects of higher education are: rate of return
analysis, growth accounting, and economic impact studies.
Rate of return analysis measures the earnings of people with specific levels of education
and compares those increased earnings to the costs of attaining that education level. Growth
accounting is founded on the theory that aggregate economic growth can be measured and
some portion of that growth can be attributed to changes in capital investment and changes in
labor. The residual can then be attributed to education, including higher education. Economic
impact studies measure how spending at specific institutions of higher education (IHEs) affect a
local or regional economy.

2. What are the strengths and weaknesses of these traditional techniques?
As outlined in Chapter II, each of these traditional methods has its strengths and
weaknesses.
Rate of return analysis
One strength of rate of return analysis is that it describes a benefit in relation to a cost.
So, it results in a rate of return on investment in higher education that can be compared to rates
of return on other types of investment, to create a hierarchy of benefits to costs. But, these
relative results are one of the main weaknesses of rate of return analysis. If absolute effects are
required, calculating the rate of return will not provide the necessary information. In addition,
some argue that investment in higher education replaces consumption, not other investment,
so comparing the rate of return on investment in higher education to rates of return on other
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investment options does not accurately reflect the opportunity costs of investing in higher
education.
Growth accounting
There are several strengths of the growth accounting approach to measuring the
economic impact of higher education. Specifically, this approach does not require researchers
to answer questions about inclusion or exclusion of various factors, since residuals, not specific
variables, are measured. In addition, growth accounting allows for long-term examinations of
education’s effects on economic performance, without the need for a detailed set of historical
data.
The source of growth accounting’s strength (its simplicity) is also the source of its
weaknesses. The cornerstone of criticism against growth accounting is that it assumes the
residual is because of education, but it never proves that fact. Some argue that at least part of
the residual is due to market imperfections, not education. Another criticism is that it doesn’t
consider factors like indirect education benefits or opportunity costs. Finally, growth accounting
only truly works across large areas and long time periods.
Economic impact studies
The main strength of economic impact studies is that they can provide usable data
about a specific IHE’s impact on a local or regional economy. But, its drawbacks are many.
These studies generally only analyze direct and indirect effects of the IHE, not the influence of
adding educated graduates to the workforce, although recent work attempts to address this
issue. But, even those attempts to address this issue often do not account for different income
growth rates of graduates due to different productivity levels of different graduates, nor do they
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generally account for migration after graduation. In addition, it is difficult to generalize from
economic impact studies, since all local and regional economies are different.

3. How does a recent set of new study designs avoid the problems inherent in the traditional
research methods?
As Chapter II explains, new set of analyses have attempted to measure actual economic
performance of regions, as functions of degrees granted, research funding, and other factors.
This new research answers questions larger in scope than those addressed by economic impact
studies, but smaller than those answered by growth accounting. And, the results are not
relative like those of rate of return analyses. So, rather than accounting for tradeoffs between
different options (as in rate of return analysis), calculating the residual from aggregate growth
(as in growth accounting) or measuring local impact (as with economic impact studies), this type
of research attempts to explain the contribution that different measures of higher education
have on economic performance. Four examples are described below.
Beeson and Montgomery use logistic regression to examine the relationship between
higher education variables and labor factors within several MSAs. Their research found no link
between higher education and overall employment. But, they did find a relationship between
higher education and the composition of a region’s labor force. Factors suggesting a high-tech
focus at IHEs were positively related to the size of the high-tech labor force.
Gottlieb and Fogarty used OLS regression to examine the relationship between
education level with the growth rate in real per-capita income between 1980 and 1997. They
found that in the 10 MSAs with the highest education levels, per-capita income grew at a rate
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faster than that experienced in the 10 MSAs with the lowest education levels. But, they did not
find a significant difference in employment growth for those two groups.
Goldstein and Drucker used OLS regression to examine the economic and spatial
impacts that higher education had on selected metropolitan areas, to determine if IHEs
depended on or substituted for regional agglomeration economies. They found that R&D and
the measures of science and technology degrees had significant and positive relationships with
average annual earnings.
Finally, Hill and Lendel ran a series of parallel OLS regression models to examine how
perceived education quality was related to higher education’s effects on regional economies.
They found that during an expanding business cycle, MSAs with perceived high-quality IHEs
experienced increased growth in employment and per-capita income than those with programs
of perceived low quality. During a recession, they found a negative relationship between
perceived quality and per-capita income.

4. How could additional refinements be made to improve upon these new studies?
This dissertation is an attempt to build on work like that described above, and to better
examine the relationship between higher education and economic performance. This
dissertation refines that earlier work in several ways. First and most importantly, it uses a new
dependent variable, the percent of workers employed in “advantageous” industry groups, which
is designed to measure potential for long-term economic performance. The research listed
above measured current or past economic performance.
Another refinement this dissertation provides over earlier research is that it uses newer
data and includes much more geographical space. The research mentioned above uses data
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from the 1980s and 1990s, and generally only focuses on counties within MSAs. This
dissertation uses data from the 2000s, and includes all counties in the U.S. with over 20,000
residents. In addition, it contains a separate MSA subanalysis that focuses on the 10 largest
MSAs. Finally, the research in this dissertation includes a wide variety of variables to measure
not only public higher education but also the presence of private IHEs.
In Chapter II, Table 2-3 provides a comparison of the four papers described above and
the research contained in this dissertation. That table is reproduced below, as Table 5-1, but
with additional information to compare and contrast this dissertation with those four papers.

5. How well does the method proposed in this dissertation both address the methodological
shortcomings of the traditional studies and build upon the strengths of the new study
designs?
This dissertation describes three approaches to measuring the economic effects of
higher education. The traditional approaches include rate of return analysis, growth accounting,
and economic impact studies. A new approach is also described, and praised for addressing
some of the main flaws of the traditional methods. But, the new approach has its own
problems; this dissertation is designed to address them. Table 5-2 below provides a summary of
the strengths and weaknesses of the traditional approaches. Table 5-3 displays similar
information for the new approach and this dissertation. But, in Table 5-3, the “strengths”
column is modified to note that these factors address shortcomings of the traditional methods.
In both tables, weaknesses are broken into existential, which are more serious, and
methodological, which can likely be addressed through research design.
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Table 5-1.

Comparison of recent research on the economic effects of higher education

Design factors
Geographic Date of Type of
unit of
data
model
analysis
used used
Beeson and MSA
1980 Logit
Montgomery
(1990)
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Gottlieb and MSA
Fogarty
(2003)
Goldstein
MSA
and Drucker
(2006)

1980
and
1990s
19862001

Hill and
Lendel
(2007)

19942003

MSA

Keller (2010) Counties
with over
20,000
residents
and the 10
largest
MSAs

20022006

Multiple
regression
Multiple
regression

Major Independent variables
Degrees considered Other variables
when assessing
evaluated
educational attainment
All graduates
R&D funding

All graduates as of
1980

N/A

Science and
Spatial variables,
technology degrees, patents
and ratio of graduate
degrees in science and
technology to all
degrees
A series of Graduates with science Science and
parallel
and technology
technology
multiple
degrees
reputation of IHEs
regression
models
A series of Percent of residents R&D spending,
parallel
with at least a 4-year student size relative
multiple
degree, without regard to residents, and
regression to subject
higher education
models
funding

Dependent
variables

Findings

Income,
R&D and degrees are positively related to
employment, high-tech employment. But, the effects of
and migration higher education variables are much
smaller than for control variables like region
and area taxes
Income and Small effect, but positive relationship
employment between education level and both income
growth
and employment growth
CPI-adjusted Graduate degrees and R&D spending are
earnings
positively related to earnings, without
growth
regard to spatial factors, although the effect
between
size is fairly small
1986-2001
Employment Perceived degree quality is positively
growth and related to per-capita income and
per-capita
employment growth, in an economic
income
expansion
growth
Percent of
The percent of residents with at least a 4workers in
year degree has the largest effect on the
advantageous percent of workers in “advantageous”
industries
industries; county student population
relative to resident population is positively
related to “advantageous” employment, to a
point

Table 5-2.

Strengths and weaknesses of traditional research on the economic effects of higher education
Strengths
Produces benefits relative to costs, to
allow for comparisons of different
investments

Might ask the wrong questions, if people
treat higher education as consumption
rather than investment

Rate of
return
analysis

Doesn't require detailed information
about inputs
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Growth
accounting

Economic
impact
studies

Weaknesses: existential
Can only provide relative results

Allows for long-term examination of
education and economic performance
Provides usable data about a specific
IHEs impact on the local or regional
economy

There is little agreement that the residual
is actually due to productivity gains and
therefore from education. Some argue
that the residual reflects market
imperfections
Works best for large areas and long time
spans
The findings can't be generalized to other
IHEs or economies
Difficult to compare the results to what the
economy would be like without the IHE

Weaknesses: methodological
Different fields may have different rates
of return, but this is often not taken into
account
Different IHEs may have different rates
of return, but this is often not taken into
account
Costs are often overstated and benefits
understated
Should consider perceived rates of
return, not actual rates of return
Generally doesn't account for indirect
benefits, like health

Doesn't account for opportunity costs
Generally doesn't account for the
creation of educated people and their
increased productivity
When graduates are considered,
migration is generally not accounted for
adequately

Note: Significant examples of rate of return analysis include Hansen (1963), Becker (1964), Carnoy and Marenbach (1975), and Psacharopoulos and Woodhall (1985).
Examples of growth accounting include Schultz (1961b) and Denison (1962; 1967). And, many economic impact studies are based on a seminal work by Caffrey and
Isaacs (1971).

Table 5-3.

New
approach

Strengths and weaknesses of research on the economic effects of higher education using the new approach and the
method proposed and used in this dissertation
Strengths, which are designed to
overcome weaknesses of earlier
methods
Shows relationship of specific measures
of higher education to economic
performance
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Examines the relationship between
higher education and the potential for
long-term economic performance
This
Includes public and private higher
dissertation
education measures
Uses newer data

Weaknesses: existential

Weaknesses: methodological

Examine current economic performance,
not the capacity for long-term
performance

Uses old data

Measures effects that can be affected by
policy changes, not the actual effects of
specific policy decisions
Measures effects that could be affected
by policy changes, not the actual effects
of specific policy decisions

Doesn't account for the distinction
between public and private higher
education measures
Measures higher education’s effects on
current or past economic performance
Only includes counties of over 20,000
residents, and does not include
Washington, DC
The measure of adjusted state funding
for higher education could be improved
The MSA subanalysis only includes the
10 largest MSAs

Note: The “new approach” includes Beeson and Montgomery (1990), Gottlieb and Fogarty (2003), Goldstein and Drucker (2006), and Hill and Lendel (2007).

Results of this analysis
As described in Chapter IV, this dissertation produces results that describe how different
measures of higher education are related to potential for future economic performance. Before
drawing conclusions from the results of the main analysis, it is instructive to explore the
relationship of that analysis to the validation model. As explained in Chapter IV, the results from
the validation model are similar to those from the main analysis, with the exception of reversed
effects for some variables affected by student populations. So, with that exception, variables
with a strong, significant relationship to the dependent variable in the main model also tended
to have a strong, significant relationship with the dependent variable in the validation model.
But, because of the large number of sign changes, it cannot be said that this dependent variable
is validated by the more conventional dependent variable. Percent “advantageous” jobs
measures a different phenomenon that traditional measures of economic performance like
median household income.
Shifting to the main analysis, it must be noted that variable with the strongest
relationship to the dependent variable is the percentage of residents with at least a 4-year
degree. This relationship holds true throughout all iterations of the main analysis model, and
for all versions of the validation model and the MSA subanalysis model. Such an enduring
relationship is a testament to the primacy (at least in these models) that an educated workforce
plays in the employment profile of a county. While a more highly educated county having more
jobs in desirable industries is not necessarily an unusual result, the strength that this
relationship exhibits even when economic, geographic, demographic, and other highereducation variables are also measured is notable. This finding, that education profile is an
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important factor in the percent of a county’s employment that is “advantageous” is consistent
with the expected finding described in Chapter I. So, the underlying theory in that expected
finding, that an “advantageous” workforce requires highly educated workers is given support by
this conclusion. This finding is also consistent with that of Beeson and Montgomery (1990),
Rauch (1993), Gottlieb and Fogarty (2003), Moretti (2004), and Goldstein and Drucker (2006).
The second main finding is that the enrollment variables have a nonlinear relationship
with the dependent variable. This does not mirror other findings from recent research. So, this
finding may be a new phenomenon uncovered by the use of the unique dependent variable
developed in this dissertation and the use of county as the unit of analysis. The expected finding
for this variable, from Chapter I, is that the relationship between enrollment size and
“advantageous” employment profiles would be weaker than between other independent
variables and the dependent variable. The results indicate, however, that there is a complex
relationship at play. So, the expected findings are not supported by the analysis.
But, there is a reasonable explanation of why higher rates of enrollment to residents
may negate or reverse the positive relationship that small rates of students have on the
dependent variable. The dependent variable is a measure of the percentage of workers in a
county that are employed in “advantageous” industry groups. The complex process used to
define industry groups results in jobs associated with higher education being labeled not
“advantageous.”60 So, it is reasonable to assume that as the rate of students to residents grows
in a county, the percent of the population employed in Educational Services would also increase,
bringing down that county’s percent of workers employed in “advantageous” industry groups.
60

See Table A-5 in Appendix A for industry groups beginning with the code 611 (Educational Services). No
industry groups under this heading are considered “advantageous.”
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So, in effect counties with large student sizes, relative to residents, experience a crowding out
effect from larger proportions of workers in the education field.
The two other variables of primary interest (R&D spending and adjusted state funding)
effectively have no significant relationship with the dependent variable once controls are
introduced. For R&D spending, this is somewhat surprising, since it has shown to be significant
in earlier research such as Jones and Vedlitz (1988), Beeson and Montgomery (1990), Gottlieb
and Fogarty (2003), and Goldstein and Drucker (2006). The expected findings in Chapter I
predict a weak relationship between R&D expenditures and the percent of a county’s workforce
employed in “advantageous” industry groups. The data support that assertion.
The lack of significant effects for adjusted state funding is not as surprising, though,
because previous research, such as Wasylenko and McGuire (1985) and Jones and Vedlitz
(1988), has found modest (at best) effects for state funding of higher education. But, this
finding does run counter to the expected finding for this variable, first listed in Chapter I. The
expectation was that high adjusted state funding would serve as an overall proxy for support for
higher education and be positively associated with higher percentages of “advantageous” jobs.
But, the data do not bear this result out. This is the case perhaps because of the construction of
this variable, or because as previous research indicates, the effect is modest at best.
The fact that geographical variables (such as region and population density) have such
strong relationships with the dependent variable is consistent with earlier research on the
subject. Beeson and Montgomery (1990), Gottlieb and Fogarty (2003), and Goldstein and
Drucker (2006) all found significant and large relationships between their geographic variables
and their outcome variables.
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Finally, the results from the MSA subanalysis are largely consistent with the main
analysis, and this is itself consistent with previous work. In fact, the limiting factor in this
dissertation’s MSA subanalysis is the low number of counties analyzed. If a larger number of
MSAs are analyzed, even stronger links between the main and MSA subanalysis would likely
emerge.

Policy Implications of this Dissertation
There are two main findings from this dissertation, as discussed in detail in Chapter IV
and referenced in the first section of this chapter. First, counties with a larger percentage of
college graduates have a larger percentage of workers in “advantageous” industries. Second,
counties with some postsecondary students have higher percentages of workers in
“advantageous” industries than those with no student or those with high rates of students per
residents. There is no significant relationship between percent of workers in “advantageous”
industries and adjusted state funding, and very little between percent of workers in
“advantageous” industries and R&D spending.
Policymakers interested in economic development could take several lessons from these
findings. But, before examining the policy implications from the findings, it may be instructive
to note the implications of measuring the percent of jobs in “advantageous” industries. This
entire dissertation is built on the assertion that a county with a higher percentage of workers in
“advantageous” industries is one that is better poised for future economic growth and
development. Research such as Garcia-Milà and McGuire (1993) has found that concentrations
of employment in fast-growing industries are associated with net economic growth. In addition,
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the validation analysis in this dissertation finds that the percent of “advantageous” workers is a
reasonable proxy for strong economies.
So, even before any regression coefficients are examined, policymakers could use the
principle of “advantageous” industries to shape economic development policy. One way to do
this is to embrace the idea that not all jobs are created equal. Some sectors employ highlyeducated and highly-paid employees, and those are generally the ones that should be sought.
But, beyond the acceptance of the concept of “advantageous” industries, the results of
this analysis lend themselves to several policy recommendations. First, since the strongest
relationship between “advantageous” industries is found in the education profile of residents,
policies that improve an area’s education profile are likely to be associated with higher
percentages of “advantageous” jobs. It should be noted, however, that changing an area’s
education profile is a long-term strategy. At the federal and state level, these findings can be
used to support greater financial aid for college. State and local leaders could also introduce or
strengthen college-preparation systems at high schools and policies of exposing more youth to
college through structured visits or community outreach. In addition, policymakers at all levels
could work to make it easier and cheaper for nontraditional students to obtain degrees after
they have entered the workforce. Such policies could help an area better meet its labor needs.
All of these policies could possibly raise the college attendance and graduation rates of an area.
The second main finding of this dissertation is that counties with some students, but not
too many relative to the population, seem to have higher percentages of “advantageous”
workers. This finding suggests that policies geared at supporting smaller colleges and
universities are important. Large IHEs have definite benefits to localities, but they also seem to
crowd out “advantageous” employment. So, increased federal, state, and local support for
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establishing and improving smaller IHEs could help to improve the percentage of
“advantageous” jobs in an area. Then, as the communities grow, the IHEs can grow with them.
This support could be financial, through federal or state loans and grants to establish and
manage these IHEs. Localities can also work with local IHEs to help acquire and use real estate
more effectively.
Of course, this dissertation does not suggest causality, so it follows that improving an
area’s education profile or assisting small IHEs may not necessarily increase the percentage of
“advantageous” jobs in an area. But, the connections between these variables are strong, so
change in one is likely to be accompanied by change in the others. This is not to say, however,
that these two sets of policy recommendations should supplant traditional economic
development policies of growing and attracting good jobs to an area. These higher education
policies can be seen as long-term policies while other policy options are also pursued. Those
policy options are just not evident from the results of this research because they were not its
focus.

Areas for Future Research
The research in this dissertation is a first use of the new dependent variable, percent of
workers in “advantageous” industries. Because of that, it has a limited scope that could be
expanded in future research on the subject. One possible area for additional research is to
examine “advantageous” industries in other time periods. One could analyze what types of
industry groups would have been deemed “advantageous” in say post-war 1950s or during the
economic transformation brought about by computing in the 1980s and 1990s. Or, data from
only times of economic expansions or contraction could be examined, to see if different results
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emerge. In addition after learning what industry groups would have been “advantageous” at
different time periods, it would be instructive to run the models in this dissertation using
historical data, to see if the relationships endure in other times. And actually, the link between
“advantageous” industries and future economic performance could be validated using historic
data. Such an analysis could examine if the percent of “advantageous” jobs at one point in time
is related to economic performance 10 or 20 years later.
Another area of future research could focus on the independent variables. One
variation of the analysis in this dissertation could examine whether the age of IHEs has any
relationship to the percent of “advantageous” workers. Such an inquiry could address the
question of whether older, more established IHEs had different impacts than younger
institutions. Another avenue of research could examine if number of degrees earned or the
distribution of degrees across different disciplines is a better measure of the role of higher
education in a county than the education profile and current IHE enrollment. In addition, since
little or no effects were found for adjusted state funding and R&D expenditures, that factor
could be further analyzed to see if these results are true reflections of the actual world, or if
they are functions of how the data are organized.
Finally, some changes could be made to the unit of analysis. Since much of the earlier
research focused on MSAs instead of all counties, the MSA subanalysis in this dissertation could
be expanded to encompass more (or all of the) MSAs in the United States. Or, if
nonmetropolitan areas are still of interest, an examination could determine if county size had an
effect on outcomes, and if another geographic breakdown would be more appropriate, such as
commuting shed.
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Appendix A

|
adv
hs
aa
ba
ma
pubaa
pubba
-------------+--------------------------------------------------------------adv |
1.0000
hs | -0.5484* 1.0000
aa |
0.1173* -0.5726* 1.0000
ba |
0.5941* -0.9104* 0.2413* 1.0000
ma |
0.5413* -0.7951* 0.0345
0.8238* 1.0000
pubaa |
0.3176* -0.1874* 0.0470* 0.1956* 0.1870* 1.0000
pubba |
0.3908* -0.3294* -0.0265
0.3636* 0.4324* 0.5449* 1.0000
pubrd |
0.2718* -0.2814* -0.0437
0.3057* 0.4017* 0.4542* 0.7116*
stfund |
0.3699* -0.3332* 0.0869* 0.3286* 0.3551* 0.3678* 0.5572*
priaa |
0.3713* -0.1722* -0.0459
0.2149* 0.2303* 0.5085* 0.6209*
priba |
0.3362* -0.1847* -0.0428
0.2214* 0.2519* 0.5845* 0.5177*
prird |
0.2123* -0.0889* -0.0988* 0.1198* 0.1971* 0.3739* 0.3761*
un | -0.2786* 0.4315* -0.1436* -0.4634* -0.3698* -0.0417 -0.1240*
popden |
0.2767* -0.1390* -0.1275* 0.2005* 0.2572* 0.1532* 0.3326*
a |
0.3712* -0.3980* 0.0679* 0.4208* 0.4278* 0.3183* 0.3337*
b |
0.1056* 0.1352* -0.1949* -0.0776* -0.0292
0.0721* 0.1175*
h |
0.1729* -0.0333
0.0203
0.0434
0.0069
0.2110* 0.1915*
w | -0.1690* -0.0540* 0.1556* 0.0053 -0.0462* -0.1362* -0.1787*
cenregne |
0.1378* -0.0732* -0.2012* 0.1461* 0.2407* -0.0030
0.0534*
cenregs | -0.0252
0.3033* -0.3102* -0.2103* -0.1680* -0.0733* -0.0649*
cenregw |
0.1556* -0.2959* 0.3963* 0.1626* 0.1101* 0.1677* 0.1038*
hhy |
0.4870* -0.6756* 0.2536* 0.7085* 0.5680* 0.1525* 0.1051*
|
pubrd
stfund
priaa
priba
prird
un
popden
-------------+--------------------------------------------------------------pubrd |
1.0000
stfund |
0.3893* 1.0000
priaa |
0.3872* 0.3431* 1.0000
priba |
0.3270* 0.3701* 0.6899* 1.0000
prird |
0.2189* 0.1893* 0.4546* 0.5794* 1.0000
un | -0.0984* -0.1595* -0.0470* -0.0636* -0.0066
1.0000
popden |
0.1232* 0.1561* 0.4636* 0.4251* 0.4591* -0.0399
1.0000
a |
0.3314* 0.3494* 0.2279* 0.2347* 0.1682* -0.1702* 0.2424*
b |
0.0702* 0.0749* 0.0969* 0.0813* 0.1121* 0.1956* 0.1432*
h |
0.1009* 0.0848* 0.1695* 0.1235* 0.0695* 0.0749* 0.1185*
w | -0.1335* -0.1550* -0.1337* -0.1207* -0.1403* -0.1671* -0.1813*
cenregne |
0.0079
0.0611* 0.0986* 0.1233* 0.1023* -0.0672* 0.1748*
cenregs | -0.0528* -0.1003* -0.0774* -0.1080* -0.0378
0.0009 -0.0407
cenregw |
0.1039* 0.1969* 0.0701* 0.0501* 0.0009
0.0009 -0.0337
hhy |
0.1043* 0.1494* 0.1126* 0.1379* 0.0583* -0.4292* 0.1372*
|
a
b
h
w cenregne cenregs cenregw
-------------+--------------------------------------------------------------a |
1.0000
b | -0.0049
1.0000
h |
0.1832* -0.0903* 1.0000
w | -0.2119* -0.9350* 0.0238
1.0000
cenregne |
0.0621* -0.1177* -0.0728* 0.1210* 1.0000
cenregs | -0.1422* 0.4963* -0.0026 -0.4371* -0.3357* 1.0000
cenregw |
0.2820* -0.2216* 0.3489* 0.0825* -0.1367* -0.3612* 1.0000
hhy |
0.4086* -0.2060* 0.0304
0.1413* 0.1866* -0.2643* 0.1221*

Figure A-1.

Pairwise correlations between all variables in the main and validation analyses
in this dissertation

Note: These correlation coefficients were calculated in STATA, using the following command: pwcorr adv hs aa ba ma
pubaa pubba pubrd stfund priaa priba prird un popden a b h w cenregne cenregs cenregw hhy, star(.05)
The correlations that are significant at the 0.05 level are noted with an asterisk (*).
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Variable:
Percentage of residents who are highly educated
Unit of analysis:
County
Data description:
4 mutually-exclusive groups of the percent of the county’s residents over 25 with specific
educational attainment
Original variable names:
hs, aa, ba, and ma
Source:
Census American Community Survey variable C15002 (Sex by Educational Attainment for the
Population 25 Years and Over), from http://factfinder.census.gov
Date:
2005-2007 estimates
Previous use:
Jones and Vedlitz (1988), Hoenack (1993), Rauch (1993), Moretti (2004), and Groen (2004)
Limitations:
By using three-year estimates, county-level data are only available for counties of over 20,000
residents. (Single-year estimates exclude a larger number of counties.) Three-year estimates
exclude 1,331 of the nation's 3,141 counties (43%) from the study. Also, this variable only
counts residents older than 25 years. Zeros in this data are treated as zeros.
Data manipulation required to calculate the original variables:
Each county's population is divided into four groups, to form three mutually-exclusive variables
(and one omitted variable):

% with HS diploma or less [(C15002_3_EST + C15002_4_EST + C15002_5_EST +
C15002_11_EST + C15002_12_EST + C15002_13_EST) / C15002_1_EST],

% with some college or AA [(C15002_6_EST + C15002_7_EST + C15002_14_EST +
C15002_15_EST) / C15002_1_EST],

% with 4-year degree [(C15002_8_EST + C15002_16_EST) / C15002_1_EST], and

% with graduate/professional degree [(C15002_9_EST + C15002_17_EST) /
C15002_1_EST].
Data manipulation required to transform the variables for analysis:
The percentage of people with a 4-year degree is added to the percentage with a
graduate/professional degree. This combined measure is used in the dissertation to measure
each county’s education level
Transformed variable name:
bama
Figure A-2.

Independent variables of primary interest used in this dissertation: Education
level
117

Variable:
Size of student population in public, degree-granting 2-year and 4-year IHEs
Unit of analysis:
Institutions of higher education, which are aggregated to the county level
Data description:
Student enrollment data from public, degree-granting 2-year and 4-year IHEs, to be counted
separately
Original variable names:
pubaa and pubba
Source:
IHE location and enrollment data are from the IPEDS Institutional Characteristics Directory Data
file, available at: http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. The variable “FYRACE2420781-Grand Total” is from the EFFY2007 file.
Date:
2006-07 academic year
Previous use:
Hoenack (1993), Florida (2002), and Marcotte et al. (2005)
Limitations:
Enrollment data are limited to public, degree-granting IHEs with enrollment data and located
within the 50 states. Using 2006 data, those restrictions result in a list of 1,046 2-year public
IHEs and 642 4-year public IHEs, for a total of 1,688. A full breakdown of different types of IHEs
in 2006 can be found in Tables 3-3, 3-4, and 3-5 in Chapter III.
Data manipulation required to calculate original variables:
Two variables are created, one for the number of students enrolled in public, degree-granting 2year IHEs and one for the number of students enrolled in public, degree-granting 4-year IHEs.
Counties with no enrollment in 2- or 4-year IHEs have a zero for that value.
Generally, only undergraduates are counted in the enrollment totals for 2-year IHEs, while
undergraduates, graduate students, and first-professional students are counted in the totals at
4-year IHEs. There are exceptions, however, at eight IHEs in Ohio. These IHEs are satellite
campuses of large 4-year IHEs, and are listed in IPEDS as 2-year IHEs. While most of their
students are 2-year students, 488 students in these IHEs are listed as graduate students. (These
students constitute less than 2 percent of the total enrollment at the state’s 32 public, 2-year
degree-granting IHEs.) For purposes in this dissertation, however, these graduate students are
counted as 2-year students at the 2-year IHEs where they are enrolled.
These calculations result in 9,885,047 students at public 2-year IHEs in 2006, and 8,315,190
students at public 4-year IHEs in that year.
Figure A-3.
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Data manipulation required to transform the variables for analysis:
The number of students enrolled in public degree-granting 2-year and 4-year IHEs does not
exhibit a linear relationship with the dependent variable. So, each value is converted to a rate
of enrolled students per 1,000 county residents. Then, this rate is broken into a series of binary
variables, to represent different bands of these rates.
Transformed variable names:
Two series of binary indicator variables are created, one for enrollment at public, degreegranting 2-year IHEs and one for public, degree-granting 4-year IHEs. Below are two charts that
display the new binary variables created to measure student enrollment at public, degreegranting IHEs. In each table, the first column displays the new variable name. The second
column provides the rates of students per 1,000 residents that earn a “1” for the indicator
variable in that row. The third column provides the number of counties that have a “1” for the
variable in that row. The first table provides information on enrollment in public, degreegranting 2-year IHEs, and the second table provides information on enrollment in public, degreegranting 4-year IHEs.
New variables for enrollment in public, degree-granting 2-year IHEs
New variable
name
pmpubaa0
pmpubaa1
pmpubaa2
pmpubaa3
pmpubaa4

Values assigned a "1"
for this variable
0
1-80
81-110
111-160
161-1,488

Number of cases with a
"1" for this variable
1,055
564
78
68
45

New variables for enrollment in public, degree-granting 4-year IHEs
New variable
name
pmpubba0
pmpubba1
pmpubba2
pmpubba3

Values assigned a "1"
for this variable
0
1-80
81-150
151-1,691

Number of cases with a
"1" for this variable
1,320
289
81
120

In both cases, the binary variables ending in zero are excluded from the model, and serve as the
reference category.
Figure A-3.
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Variable:
Spending on academic R&D by public, degree-granting 4-year IHEs in the county
Unit of analysis:
Institutions of higher education, which are aggregated to the county level
Data description:
Survey data about IHE R&D budgets
Original variable name:
pubrd
Source:
NSF Survey of R&D Expenditures at Universities and Colleges, from http://Caspar.nsf.gov.
Date:
2006-07 academic year
Previous use:
Jones and Vedlitz (1988), McMahon (1993), Garcia-Mila and McGuire (1993), and Goldstein and
Drucker (2006)
Limitations:
These data only include 4-year IHEs that had over $150,000 in separately budgeted academic
R&D. The data are limited to public institutions when downloaded. With these limitations, data
for 386 out of 665 possible IHEs (58%) are available.
Data manipulation required to calculate original variable:
The data are organized by fiscal year, so FY 2007 is downloaded to obtain 2006-07 school year
data. The analysis variable is “Total Academic R&D Expenditures,” and the classification
variables are “Year=2007 (selected values in column),” “Academic Institution=Public Institutions
(standardized)” and “State.” The institution-level data are then matched with the county in
which the institution resides to produce county-level data. Several IHEs with multiple campuses
are listed in the NSF database as “All Campuses.” In these instances, the IHEs are placed in the
county of that IHE’s main campus. In some cases, IHEs in the NSF database are listed using an
old institution name. In those cases, the IHE name is updated to match that from the IPEDS
database. Four IHEs in the NSF database are removed from this analysis because they are not
listed by IPEDS as public, degree-granting IHEs. Those institutions are Sinte Gleska University,
Uniformed Services University of the Health Sciences, Desert Research Institute, and the Center
for Environmental and Estuarine Studies of the University of Maryland.
A complete list of the public, degree-granting 4-year IHEs from this database, their R&D
spending, and their county can be found in Table A-1.
Figure A-4.
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Data manipulation required to transform the variable for analysis:
The amount of R&D spending at public degree-granting 4-year IHEs does not exhibit a linear
relationship with the dependent variable. So, the variable is converted to a rate of spending per
enrolled student in that county’s public, degree-granting 4-year IHEs. Then, the natural log of
the rate is taken, to account for the rate’s curvilinear structure. Finally, the logged rate is
broken into a series of binary variables, to represent different bands of spending.
Transformed variable names:
Three binary indicator variables are created to represent R&D spending at public, degreegranting IHEs. Below is a chart that displays these new binary variables. The first column
displays the new variable name. The second column provides the rates of logged R&D spending
per enrolled student at public, degree-granting 4-year IHE that earn a “1” for the indicator
variable in that row. The third column provides the number of counties that have a “1” for the
variable in that row.
New variables for R&D spending at public, degree-granting 4-year IHEs
New variable
name
lpcpubrd0
lpcpubrd1
lpcpubrd2

Values assigned a "1"
for this variable
0
2-6
7-11

Number of cases with a
"1" for this variable
1,501
135
174

The binary variable ending in zero is excluded from the model, and serves as the reference
category.
Figure A-4.
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Variable:
State funding for higher education, adjusted by each county’s student population
Unit of analysis:
State, which is broken down to the county level, in accordance with the proportion of the state’s
public postsecondary enrollment present in each county
Data description:
State public higher education educational appropriations, adjusted to the county level, by
student population
Original variable name:
stfund
Source:
Funding data are from Table 5: Public Higher Education Education Appropriations per FTE, on
page 27 of the report “State Higher Education Finance for FY 2007,” which can be found at:
http://www.eric.ed.gov/ERICWebPortal/contentdelivery/servlet/ERICServlet?accno=ED502178.
The values from Table 5 are then divided by those from Table 4: Public Higher-Education FullTime Equivalent (FTE) Enrollment, on page 25 of the same document, to calculate statewide
total adjusted funding for higher education.
Enrollment figures are obtained from IPEDS, as noted earlier in this Figure.
Date:
FY 2007 (2006-07 academic year)
Previous use:
Jones and Vedlitz (1988), Mak and Moncur (2001), Plaut and Plauta (1983), and Wasylenko and
McGuire (1985)
Limitations:
The data are created using the "Halstead" method, which takes into account state population,
student population size, state economic conditions, and school types and quality to make
funding comparable across states.
Data manipulation required to calculate the original variable:
These state-level data are applied to each county within the state, in proportion to the county’s
2- and 4-year public postsecondary enrollment. The proportion of state students in each county
is calculated by dividing the size of a county’s student population in 2- and 4-year IHEs by the
state total. Counties with no students in either 2- or 4-year IHEs receive a zero for this value.
Figure A-5.
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Data manipulation required to transform the variable for analysis:
The adjusted state funding level does not exhibit a linear relationship with the dependent
variable. The variable already takes into account student populations, so the natural log of the
variable is taken, to account for its curvilinear structure. Then, because about half of the
counties in this database have no enrollment in public IHEs, their value for this variable is zero.
When the natural log of the nonzero numbers is taken, these counties are assigned a value of
zero again. But, the lowest logged value for a county with students enrolled in public IHEs is
almost 14. So, to mitigate the distance between zero and 13, three sets of binary variables are
created, to represent the three different levels of adjusted state funding.
Transformed variable names:
Three binary indicator variables are created to represent adjusted state funding for higher
education. Below is a chart that displays these new binary variables. The first column displays
the new variable name. The second column provides the logged adjusted state funding for
higher education that earn a “1” for the indicator variable in that row. The third column
provides the number of counties that have a “1” for the variable in that row.
New variables for R&D spending at public, degree-granting 4-year IHEs
New variable
name
lstfund0
lstfund1
lstfund2

Values assigned a "1" for this
variable
0
13-17
18-21

Number of cases with a
"1" for this variable
973
492
345

The binary variable ending in zero is excluded from the model, and serves as the reference
category.
Figure A-5.
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Variable:
Size of student population in private, degree-granting 2-year and 4-year IHEs
Unit of analysis:
Institutions of higher education, which are aggregated to the county level
Data description:
Student enrollment data from private, degree-granting 2-year and 4-year IHEs, to be counted
separately
Original variable names:
priaa and priba
Source:
IHE location and enrollment data are from the IPEDS Institutional Characteristics Directory Data
file, available at: http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. The variable “FYRACE2420781-Grand Total” is from the EFFY2007 file.
Date:
2006-07 academic year
Previous use:
Hoenack (1993), Florida (2002), and Marcotte et al. (2005)
Limitations:
Enrollment data are limited to private, degree-granting IHEs with enrollment data and located
within the 50 states.
Data manipulation required to calculate the original variables:
Two variables are created, one for the number of students enrolled in private, degree-granting
2-year IHEs and one for the number of students enrolled in private, degree-granting 4-year IHEs.
Counties with no enrollment in 2- or 4-year IHEs have a zero for that value.
These calculations result in 259,881 students at private 2-year IHEs in 2006, and 3,721,259
students at private 4-year IHEs in that year.
Figure A-6.
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Data manipulation required to transform the variables for analysis:
The number of students enrolled in private degree-granting 2-year and 4-year IHEs does not
exhibit a linear relationship with the dependent variable. So, each value is converted to a rate
of enrolled students per 1,000 county residents. Then, this rate is broken into a series of binary
variables, to represent different bands of these rates.
Transformed variable names:
Two series of binary indicator variables are created, one for enrollment at private, degreegranting 2-year IHEs and one for private, degree-granting 4-year IHEs. Below are two charts that
display the new binary variables created to measure student enrollment at private, degreegranting IHEs. In each table, the first column displays the new variable name. The second
column provides the rates of students per 1,000 residents that earn a “1” for the indicator
variable in that row. The third column provides the number of counties that have a “1” for the
variable in that row. The first table provides information on enrollment in private, degreegranting 2-year IHEs, and the second table provides information on enrollment in private,
degree-granting 4-year IHEs.
New variables for enrollment in private, degree-granting 2-year IHEs
New variable
name
pmpriaa0
pmpriaa1
pmpriaa2

Values assigned a "1"
for this variable
0
1-15
16-77

Number of cases with a
"1" for this variable
1,564
217
29

New variables for enrollment in private, degree-granting 4-year IHEs
New variable
name
pmpriba0
pmpriba1
pmpriba2
Pmpriba3

Values assigned a "1"
for this variable
0
1-30
31-110
110-160

Number of cases with a
"1" for this variable
1,225
377
178
30

In both cases, the binary variables ending in zero are excluded from the model, and serve as the
reference category.
Figure A-6.
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Variable:
Spending on academic R&D by private, degree-granting 4-year IHEs in the county
Unit of analysis:
Institutions of higher education, which are aggregated to the county level
Data description:
Survey data about IHE R&D budgets
Original variable name:
prird
Source:
NSF Survey of R&D Expenditures at Universities and Colleges, from http://Caspar.nsf.gov.
Date:
2006-07 academic year
Previous use:
Jones and Vedlitz (1988), McMahon (1993), Garcia-Mila and McGuire (1993), and Goldstein and
Drucker (2006)
Limitations:
These data only include 4-year IHEs that had over $150,000 in separately budgeted academic
R&D. The data are limited to private institutions when downloaded. With these limitations,
data for 257 out of 2,125 possible IHEs (12%) are available.
Data manipulation required to calculate original variable:
The data are organized by fiscal year, so FY 2007 is downloaded to obtain 2006-07 school year
data. The analysis variable is “Total Academic R&D Expenditures,” and the classification
variables are “Year=2007 (selected values in column),” “Academic Institution=Private
Institutions (standardized)” and “State.” The institution-level data are then matched with the
county in which the institution resides to produce county-level data. Several IHEs with multiple
campuses are listed in the NSF database as “All Campuses.” In these instances, the IHEs are
placed in the county of that IHE’s main campus. In some cases, IHEs in the NSF database are
listed using an old institution name. In those cases, the IHE name is updated to match that from
the IPEDS database.
A complete list of the IHEs from this database, their R&D spending, and their county can be
found in Table A-2.
Figure A-7.
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Data manipulation required to transform the variable for analysis:
The amount of R&D spending at private degree-granting 4-year IHEs does not exhibit a linear
relationship with the dependent variable. So, the variable is converted to a rate of spending per
enrolled student in that county’s private, degree-granting 4-year IHEs. Then, the natural log of
the rate is taken, to account for the rate’s curvilinear structure. Finally, the logged rate is
broken into a series of binary variables, to represent different bands of spending.
Transformed variable names:
Three binary indicator variables are created to represent R&D spending at private, degreegranting IHEs. Below is a chart that displays these new binary variables. The first column
displays the new variable name. The second column provides the rates of logged R&D spending
per enrolled student at private, degree-granting 4-year IHE that earn a “1” for the indicator
variable in that row. The third column provides the number of counties that have a “1” for the
variable in that row.
New variables for R&D spending at private, degree-granting 4-year IHEs
New variable
name
lpcprird0
lpcprird1
lpcprird2

Values assigned a "1"
for this variable
0
2-7
8-11

Number of cases with a
"1" for this variable
1,657
115
38

The binary variable ending in zero is excluded from the model, and serves as the reference
category.
Figure A-7.
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Variable:
Unemployment rate
Unit of analysis:
County
Data description:
BLS one-year estimates, taken from the Census Current Population Survey (CPS), the BLS Current
Employment Statistics (CES) program, and state Unemployment Insurance programs.
Documentation can be found at http://www.bls.gov/lau/lauov.htm.
Original variable name:
un
Source:
Unemployment Rate from the Bureau of Labor Statistics, Local Area Unemployment Statistics
Division, found at http://www.bls.gov/lau/#data.
Date:
2006 estimates
Previous use:
Beeson and Montgomery (1990)
Limitations:
2006 unemployment data are not available for seven parishes in Louisiana affected by
Hurricanes Katrina and Rita. Those parishes are: Jefferson Parish, Orleans Parish, Plaquemines
Parish, St. Bernard Parish, St. Charles Parish, St. John the Baptist Parish, and St. Tammany Parish.
St. Bernard Parish has fewer than 20,000 residents, according to the 2005-2007 American
Community Survey estimates, so it is not included in this study for that reason. The other six
parishes, however, are excluded from this study because their unemployment data are
unavailable.
Data manipulation required:
None
Data manipulation required to transform the variable for analysis:
Sixteen counties have unemployment rates over 10 percent. Those counties are as (with their
original unemployment rate in parentheses): Clay County, KY (10.2), Clare County, MI (10.3),
Harrison County, MS (10.3), Holmes County, MS (10.6), Luna County, NM (10.7), Union County,
SC (10.7), Marlboro County, SC (11), Clay County, MS (11.1), Lawrence County, TN (11.2), Starr
County, TX (11.7), Marion County, SC (11.8), Colusa County, CA (12.3), Montcalm County, MI
(12.7), Maverick County, TX (13), Yuma County, AZ (14.6), and Imperial County, CA (15.4)
Transformed variable name:
uncap
Figure A-8.
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Variable:
Population density
Unit of analysis:
County
Data description:
Number of people per square mile, based on 3-year Census population estimates and 2000
county sizes.
Original variable name:
popden
Source:
For county size, the variable GCTPH1_US25.C2 (Area in square miles; Total area) was used, from
the "Population, Housing Units, Area, and Density for Counties: 2000" link on the site
http://www.census.gov/population/www/censusdata/density.html.
For county population, the variable B01003_1 (Total population) was used, from the Census
Bureau’s American Community Survey, which can be found at http://factfinder.census.gov.
Date:
2000, but augmented with 2005-07 population estimates
Previous use:
Gottlieb and Fogarty (2003)
Limitations:
Size is not available for Broomfield, County, CO from the Census, but it is available from:
http://www.broomfield.org/community.shtml.
Data manipulation required to calculate the original value:
The 2000 Census population data are replaced with 2005-07 population estimates to calculate
2005-07 density, using 2000 county area figures (which are assumed to not have changed
between 2000 and 2005-07).
Data manipulation required to transform the variable for analysis:
The natural log of the variable is taken, to produce a variable with a linear relationship with the
dependent variable.
Transformed variable name:
lpopden
Figure A-9.
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Variable:
Race/ethnicity
Unit of analysis:
County
Data description:
Percent of residents of selected races in each county
Original variable names:
a, b, h, and w
Source:
This dissertation uses Census Annual Population Estimates variable T3-2006 for the estimates of
Asian alone, Black or African American alone, and White alone. For Hispanic or Latino alone, the
variable T4-2006 was used. These data can be found at http://factfinder.census.gov.
Date:
2006 estimates
Previous use:
Montalvo and Reynal-Querol (2005) and Krivo et al. (1998)
Limitations:
None
Data manipulation required to calculate the original values:
Each component race is divided by the county total, also provided under T3-2006, to calculate
the percentages.
Counties with no population of a specific race category are given a zero for that variable. Note
also that these race variables are not all inclusive; not every person is included in one of these
categories.
Data manipulation required to transform the variables for analysis:
These variables are all fairly highly correlated with one another. To reduce multicollinearity, the
variable for “percent white” is excluded from the analysis.
Transformed variable name:
a, b, and h
Figure A-10.
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Variable:
Geography
Unit of analysis:
State, but applied to counties within those states (for the main analysis)
MSA, but applied to the counties within those MSAs (for the MSA subanalysis)
Data description:
There are four U.S. Census Regions in the country, each containing several complete states.
Each county in the main analysis is assigned to one of these four Census Regions. There are 10
MSAs in the MSA subanalysis. Each county in that subanalysis is assigned to one of these ten
MSAs.
Original variable names:
cenregne, cenregmw, cenregs, cenregw (for the main analysis)
nyc, la, chi, phi, dfw, mia, hou, dc, atl, and det (for the MSA subanalysis)
Source:
A map of Census Divisions can be found at http://www.census.gov/geo/www.us_regdiv.pdf.
A list of MSA designations can be found at
http://www.census.gov/population/www/metroareas/lists/2008/List1.txt.
Date:
Original Census Regions were created in 1910 and have not changed since then, other than by
the addition of new states. MSA designations are from November 2008, by the U.S. Office of
Management and Budget.
Previous use:
Jones and Vedlitz (1988) and Gottlieb and Fogarty (2003)
Limitations:
None
Data manipulation required to calculate the original values:
There are four Census Regions, so four mutually-exclusive binary variables are created. The
Midwest serves as the reference region and is excluded from the analysis.
There are 10 MSAs in this analysis, so ten mutually-exclusive binary variables are created. The
Houston MSA serves as the reference region and is excluded from the analysis.
Each county is assigned a value for these variables based on its location.
Data manipulation required to transform the variables for analysis:
None
Transformed variable names:
N/A
Figure A-11.
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Variable:
Median household income (in thousands of dollars)
Unit of analysis:
County
Data description:
Census 3-year estimates of median household income
Original variable name:
hhy
Source:
Census American Community Survey variable B19013 (Median Household Income), from
http://factfinder.census.gov
Date:
2005-2007 estimates
Previous use:
Jones and Vedlitz (1988)
Limitations:
By using three-year estimates, county-level data are only available for counties of over 20,000
residents. (Single-year estimates exclude a larger number of counties.) Three-year estimates
exclude 1,331 of the nation's 3,141 counties (43%) from the study. But 1,780, or 57 percent, of
counties remain.
Data manipulation required to calculate the original value:
The variable was divided by 1,000, to convert it to median household income in thousands of
dollars
Data manipulation required to transform the variable for analysis:
None
Transformed name:
N/A
Figure A-12.
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Variable:
Dependent variable component: Fast-growing industry groups (Main and MSA analysis)
Unit of analysis:
4-digit NAICS industry group level
Data description:
4-digit NAICS industry groups with an average annual percent change (AAPC) in employment
between 2002 and 2006 that is above the national AAPC for that time period.
Source:
The BLS Quarterly Census of Employment and Wage Program’s FTP site:
ftp://ftp.bls.gov/pub/special.requests/cew/2006/national
Date:
2002-2006
Previous use:
Garcia-Mila and McGuire (1993), Jones and Vedlitz (1993)
Limitations:
Data before 2002 are not used. This is the case because 2001 data (and older) used the SIC
system to delineate sectors of the economy. While SIC designations and the newer NAICS codes
are generally comparable, the 4-digit NAICS codes are not directly comparable to SIC codes.
Also, before 2002, SIC data were collected from October to December, but starting in 2002, data
were collected in May and November. So, for these reasons, 2001 data were excluded from this
analysis. In addition, 2007 NAICS data are excluded because they used the new 2007 NAICS
codes, which are not directly comparable to the 2002 codes.
Data manipulation required:
First, the national AAPC in employment size is calculated between 2002 and 2006. That figure is
1.0743. Then, the AAPC in employment size is calculated between 2002 and 2006 for each of
the 317 4-digit NAICS industry groups. Industry groups with an AAPC that is greater than the
national AAPC for that time period are marked as potentially “advantageous.” Of the 317 4-digit
NAICS industry groups, 111 have an AAPC in employment size from 2002 to 2006 that is above
the national average for that time period.
As described later in Figure A-13, those industry groups that are also high paying and which
display somewhat even geographic distribution are deemed "advantageous" industry groups.
Of the 317 4-digit NAICS industry groups, 45 are ultimately labeled “advantageous."
Figure A-13.
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Variable:
Dependent variable component: High-paying industry groups (Main and MSA analyses)
Unit of analysis:
4-digit NAICS industry group level
Data description:
4-Digit NAICS industry groups with an average annual pay, in 2006, that is greater than the
national average
Source:
The BLS Quarterly Census of Employment and Wage Program’s FTP site:
ftp://ftp.bls.gov/pub/special.requests/cew/2006/national
Date:
2006
Previous use:
Psacharopoulos and Woodhall (1985), Leslie and Slaughter (1992), Gary S. Becker (1993), and
Baum and Payea (2005)
Limitations:
None
Data manipulation required:
First, the national average annual pay is noted. In 2006, it is $42,535. Then, 4-digit NAICS
industry groups with a 2006 average annual pay over that national average are marked as
potentially “advantageous.” Of the 317 4-digit NAICS industry groups, 167 have an average
annual pay in 2006 that is above the national average.
As described in elsewhere in Figure A-13, those industry groups that are also fast growing and
which displayed somewhat even geographic distribution are deemed "advantageous" industry
groups. Of the 317 4-digit NAICS industry groups, 45 are ultimately labeled “advantageous."
Figure A-13.
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Variable:
Dependent variable component: Geographic distribution of workers (Main and MSA analyses)
Unit of analysis:
4-digit NAICS industry group level
Data description:
Four-digit industry groups with at least 0.5 percent of their workforce in all nine U.S. Census
Divisions
Source:
The employment data are from the BLS Quarterly Census of Employment and Wage Program’s
FTP site: ftp://ftp.bls.gov/pub/special.requests/cew/2006/national. A list of Census Regions and
Divisions can be found on the last page of this document:
http://mcdc2.missouri.edu/pub/data/sf42000/Techdoc/Appendix_A.pdf.
Date:
2006
Previous use:
None
Limitations:
None
Figure A-13.
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Variable:
Dependent variable component: Geographic distribution of workers (Main and MSA analyses)
—Continued
Data manipulation required:
2006 data on the size of each county's workforce in 4-digit NAICS industry groups are examined.
Each county has earlier been noted as falling into one of nine U.S. Census Divisions. The total
number and percent of employees in each Census Division are calculated, for each of the 317 4digit NAICS industry groups. A threshold of 0.5 percent is used to identify Census Divisions
where an industry group had very few workers. For each of the 317 industry groups, the
number of Census Divisions where less than 0.5 percent of its workers are employed is noted. If
an industry group has any Census Division with less than 0.5 percent of its workers, that industry
group is deemed to be somewhat geographically concentrated. Such industry groups are not
allowed to serve as “advantageous” industry groups.
Of the 317 industry groups, 75 (24 percent) are not eligible to be “advantageous” for this
reason, although, most of them would have been excluded for low pay, low employment
growth, or both. Table A-3 lists the 13 industry groups excluded solely because of geographic
concentration.
This analysis results in 242 of the 317 industry groups (76 percent) with at least 0.5 percent of
their workers in all nine Census Divisions. Twenty-eight industry groups (9 percent) have one
Census Division with less than 0.5 percent of their workers. The remaining 33 industry groups
have less than 0.5 percent in 3 Census Divisions (9 industry groups), 4 Census Divisions (9
industry groups), 5 Census Divisions (5 industry groups), 6 Census Divisions (6 industry groups),
and 7 Census Divisions (4 industry groups). No industry group has less than 0.5 percent of its
workers in 8 Census Divisions (i.e., there are no industry groups concentrated in only one Census
Division).
As described later in Figure A-13, those industry groups that are also high paying and fast
growing are deemed "advantageous" industry groups. Of the 317 4-digit NAICS industry groups,
45 are ultimately labeled “advantageous."
Figure A-13.
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Variable:
Dependent variable: Percent of workforce in “advantageous” industry groups
(Main and MSA analysis)
Unit of analysis:
County
Data description:
Combination of the three above variables and county-level 2006 employment at the 4-digit
NAICS industry group level
Original variable name:
adv
Source:
See previous variables in Figure A-12 for explanations of their sources.
Date:
2006
Previous use:
None
Limitations:
None
Data manipulation required to calculate the original value:
2006 data on the size of each county's workforce in 4-digit NAICS industry group levels are
determined, as explained in Chapter III. Then, the percentage of 2006 employees working in
"advantageous" industry groups in each county is calculated. “Advantageous” industry groups
are those with above-average AAPC in employment size, above-average annual pay, and which
are present in all nine Census Divisions. This percent is the study's main dependent variable.
The percent “advantageous” for counties in this analysis ranges from 1 percent in Morgan
County, Tennessee to 40 percent in Fairfax County, Virginia.
Data manipulation required to transform the variable for analysis:
N/A
Transformed variable name:
N/A
Figure A-13.
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Figure A-14.

Percent of residents with a either a 4-year college degree or a graduate/professional degree, by county:
2005-07 estimates

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six counties affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
Using 2005-07 estimates, 27 percent of Americans have a 4-year degree or higher.
SOURCE: U.S. Census Bureau, American Community Survey, 2005-07 estimates.

139
Figure A-15.

Number of students in public, 2-year, degree-granting institutions of higher education (IHEs), by county, 2006-07
academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero students in public, 2-year, degree-granting IHEs the 2006-07 academic year. In the 2006-07 academic year,
counties with public, 2-year, degree-granting IHEs have an average of 24,529 students in those institutions.
SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional Characteristics Directory Data file.
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Figure A-16.

Number of students in public, 4-year, degree-granting institutions of higher education (IHEs), by county, 2006-07
academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero students in public, 4 year, degree-granting IHEs the 2006-07 academic year. In the 2006-07 academic year,
counties with public, 4-year, degree-granting IHEs have an average of 23,196 students in those institutions.
SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional Characteristics Directory Data file.
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Figure A-17.

Dollars spent on academic R&D by the 386 public, degree-granting 4-year institutions of higher education (IHEs) that had
over $150,000 in separately budgeted R&D, by county, 2006-07 academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero dollars spent in the 2006-07 academic year on R&D. In the 2006-07 academic year, counties with one or more
of the 386 public, degree-granting IHEs included in this analysis spent an average of $107,082,000.
SOURCE: U.S. National Science Foundation’s Survey of R&D Expenditures at Universities and Colleges.
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Figure A-18.

State funding for higher education, adjusted for student population, by county, 2006-07 academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have no students in public, degree-granting IHEs in the 2006-07 academic year, which have a value of zero when state
funding for higher education is apportioned by student population. In the 2006-07 academic year, among counties with students at public, degree-granting IHEs, the
average weighted state appropriation is $64,249,432.
SOURCE: “State Higher Education Finance for FY 2007,” published by the State Higher Education Executive Officers.
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Figure A-19.

Number of students in private, 2-year, degree-granting institutions of higher education (IHEs), by county, 2006-07
academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero students in private, 2-year, degree-granting IHEs the 2006-07 academic year. In the 2006-07 academic year,
counties with private, 2-year, degree-granting IHEs have an average of 1,362 students in those institutions.
SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional Characteristics Directory Data file.
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Figure A-20.

Number of students in private, 4-year, degree-granting institutions of higher education (IHEs), by county, 2006-07
academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero students in private, 4 year, degree-granting IHEs the 2006-07 academic year. In the 2006-07 academic year,
counties with private, 4-year, degree-granting IHEs have an average of 7,119 students in those institutions.
SOURCE: U.S. Department of Education, IPEDS (Integrated Postsecondary Education Data System) Institutional Characteristics Directory Data file.
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Figure A-21.

Dollars spent on academic R&D by the 257 private-granting 4-year institutions of higher education (IHEs) that had over
$150,000 in separately budgeted R&D, by county, 2006-07 academic year

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
These counties are different than those that have zero dollars spent in the 2006-07 academic year on R&D. In the 2006-07 academic year, counties with one or more
of the 257 private, degree-granting IHEs included in this analysis spent an average of $98,253,000.
SOURCE: U.S. National Science Foundation’s Survey of R&D Expenditures at Universities and Colleges.

146
Figure A-22.

Unemployment rate, by county, 2006 estimates

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
In 2006, the national unemployment figure is 4.6 percent.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Local Area Unemployment Statistics Division.
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Figure A-23.

Density (residents per square mile), by county, 2005-07 estimates

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
Using 2005-07 estimates, the population density of the United States is 80 people per square mile.
SOURCE: U.S. Census Bureau, American Community Survey, 2005-07 estimates.
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Figure A-24.

Percent white, by county, 2005-07 estimates

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
Using 2005-07 estimates, 75.9 percent of Americans are white.
SOURCE: U.S. Census Bureau, American Community Survey, 2005-07 estimates.
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Figure A-25.

Counties, by U.S. Census Division

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
Nine Census Divisions were designated in 1910, and each includes several entire states within close geographical proximity to one another.
The four Census Regions are defined as follows: Northeast is comprised of New England and Middle Atlantic, Midwest is comprised of East North Central and West
North Central. South is made up of South Atlantic, East South Central and West South Central, and West contains Mountain and Pacific.
SOURCE: U.S. Census Bureau.
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Figure A-26.

MSA designations used in this dissertation, by county

NOTE: White areas with no county border lines are locations not included in the MSA analysis. Some counties within the MSAs listed above are not included in this
analysis, either because they have fewer than 20,000 residents (and therefore 2005-07 Census estimates are not available) or they are one of six parishes affected by
Hurricanes Katrina and Rita that did not report unemployment figures for 2006. In addition, Washington, DC is not included, because higher education funding data
were not available for that jurisdiction.
SOURCE: U.S. Office of Management and Budget, November 2008 MSA designations.
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Figure A-27.

Median household income, by county, 2005-07 estimates

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
Using 2005-07 estimates, the national median household income is $50,007.
SOURCE: U.S. Census Bureau, American Community Survey, 2005-07 estimates.

Creating the dependent variable in this dissertation requires several steps. First,
national employment and wage data are downloaded, from years 2002-2006.61,62 Such data
have information about each of the four quarters in the specified year, as well as annual data.
For this research, only the annual data are used, so the quarterly data are removed. Second,
this dissertation is focused only on the industry group level of the NAICS data (the four-digit
level). This is the level of analysis because there are 317 industry groups, which allow for an
adequate amount of specification when determining the most advantageous industries in our
economy. But, if the analysis were performed on the five- or six-digit level, fewer data would
have been available for each county, since many counties would not have a large proportion of
the industries represented by the 725 NAICS (5-digit) industries or the 1,179 national (6-digit)
industries.63 Because only industry groups are examined in this analysis, all of the data at the
two-, three-, five-, and six-digit level are removed from the BLS data, with one exception, which
is explained later.
In addition, four-digit Industry Codes64 that began with 10 or 99 are also removed from
the database as they do not fit into any sector designation. (Sector designations begin at 11 and
end at 92.) Rather, they are internal codes that BLS developed. Industry Codes beginning with
10 show total counts of one manner or another, depending on how many digits the code is.
Codes beginning with 99 contain employment that is unclassified in any of the other categories.
Therefore, because they represent true employment categories, data with Industry Codes that
begin with 10 or 99 are deleted from these data.
The only exception to this purge is the data with an Industry Code of 10 and an
Ownership Code of 0, which are kept. As mentioned above, Industry Codes beginning with 10
are totals of other selected levels. And, Ownership Codes identify which level of data is
presented (e.g., an Ownership Code of 1 indicates that the employment is with the Federal
government; a code of 5 indicates that the job is in the private sector). Ownership codes of 0
Figure A-28.

Description of the Process Used to Create the Dependent Variable: Percent of
Jobs in Each County that are in “Advantageous” Industry Groups

61

National employment data are from ftp://ftp.bls.gov/pub/special.requests/cew/YYYY/National/, where
the YYYY signifies the four-digit year of data used. This dissertation uses data from 2002, 2003, 2004,
2005, and 2006.
62
In addition to providing the raw data for this variable, BLS created a macro that is used to convert the
downloaded file into an Excel worksheet, with descriptive column headings. The macro is from
ftp://ftp.bls.gov/pub/special.requests/cew/DOCUMENT/, and is the file called makexls.zip.
63
Data on all 317 industry groups are available for all counties in this dissertation, as well as at the
national level, for all of the years between 2002 and 2006, inclusive.
64
In the BLS data, the NAICS code is referred to as “Industry Code.” So when referring to the specific BLS
variable, the term Industry Code is used. But, when speaking of the coding system in general, the term
“NAICS code” is used. When referring specifically to the four-digit NAICS codes, the NAICS term “Industry
Group” is used. But, despite the distinctions, all three terms generally refer to the same phenomenon.
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signify data that are totals of other data. Records that have both an Industry Code of 10 and an
Ownership Code of 0 are overall employment totals for the geographic area (designated by
another data field). In these national files, the geography is the entire nation. So in each
national file, only one record has an Industry Code of 10 and an Ownership Code of 0. Those
data are kept, because they indicate the national totals for that year. 65 The files are then
checked to ensure that no other records have Ownership Codes of 0, because such records are
totals of other records and if left in the database, could lead to double counting.
Once these exclusions are made, there are five different data files, each containing
national employment and wage data for a year between 2002 and 2006. And within those files,
there are only data at the four-digit NAICS industry group level, except for a national total,
designated by an Industry Code of 10 and an Ownership Code of 0. In each of those files,
extraneous variables are removed, so that only the following fields remain: County Code,
Ownership Code, Industry Code, and Annual Average Employment. For reasons that are
explained later, the data field Annual Total Wages and Annual Average Pay is also kept in the
2006 file.
However, these data are not yet ready for analysis, because each of the 317 industry
groups has multiple records, since the data are broken apart by Ownership Code. The
Ownership Codes in the data are 1 (Federal Government), 2 (State Government), 3, (Local
Government), and 5 (Private). Because data for all four of these Ownership Codes are to be
used in this research, the four Ownership Codes need to be summed together to obtain total
employment and wage data for each four-digit industry group.
To do this, a pivot table is created. A pivot table allows the user to pivot the data to put
any desired variables on the x and the y axes of a new table. In addition, if there are multiple
entries for the variable designated as the y value, those entries can be summed, counted, or
manipulated in other ways to meet the user’s needs.
In these pivot tables, each record is a unique value in the “County Code” field. Since
these files are for national data, there is only one value under “County Code,” so the pivot tables
only have one record.66 Then, each column is one of the 317 industry groups. The pivot table

Figure A-28.

Description of the Process Used to Create the Dependent Variable: Percent of
Jobs in Each County that are in “Advantageous” Industry Groups —Continued

65

State files, which are used later, contain data on all counties in the state. Because of this, each county
has its own record where Industry Code is 10 and Ownership Code is 0. For example, West Virginia has 55
counties, so there are 55 cases where Industry Code is 10 and Ownership Code is 0, one for each county
total.
66
Later, a different file is created for each state, and within those state files, all counties in that state are
listed. So, when state-level pivot tables are created, they have multiple records – one for each county.
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then is instructed to sum all of the values of the variable Annual Average Employment for each
four-digit Industry Code and to put that sum in the single record, under the column identified by
that four-digit industry group. This step effectively sums together the employment counts for
the different Ownership Codes under each Industry Code.67 For example, in the 2003 data file,
the industry group 6231 (Nursing care facilities) have 490 workers listed as Ownership Code 1
(Federal Government), 17,529 with Ownership Code 2 (State Government), 49,970 with
Ownership Code 3 (Local Government), and 1,566,775 with Ownership Code 5 (Private). In the
pivot table, they are all summed together so the value under the industry group 6231 is
1,634,764. These pivot tables are created for the national data sets from the years 2002, 2003,
2004, and 2005.
A similar process is performed on the 2006 data, but instead of only creating a unique
value of the sum of workers in each industry group, the process produces two values for each
industry group: a total of the variable Annual Average Employment and a total of the variable
Annual Total Wages. Then, for each industry group, the latter is divided by the former, to
calculate an annual average wage.68
The above process is used to identify the number of people employed in the nation in
2002, 2003, 2004, 2005, and 2006, in all 317 industry groups, and for the nation as a whole. In
addition, the 2006 national average annual pay69 is identified for all 317 industry groups. These
calculations provide the first part of the raw data necessary to determine which industry groups
would be labeled “advantageous.”
The other part of the data used to calculate which industry groups would be
“advantageous” is the county-level equivalent of the data described above. The process to
obtain and format county-level employment and wage data is similar to the process used for
national data, with a few changes. The biggest change is that instead of downloading five files
(the national data for five years), 50 files are downloaded (a file for every state). But, the
county-level data are only necessary for the 2006 year, so the process is not repeated for several
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There is no need to include the national total (where Industry Code is 10 and Ownership Code is 0) in
the pivot table. This is the case because there are not multiple records for the national data; a single
value for national employment size is provided in the raw data.
68
As with the other calculations, there is no need to calculate a national average annual pay, since it is
provided in the raw data, as the national value of the variable Annual Average Pay.
69
Annual Average Pay is the wage information provided in these BLS data. It differs from salary because it
also includes income sources like bonuses and tips. More information about this figure is available at
http://www.bls.gov/news.release/annpay.tn.htm
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years worth of data. 70
Like with the national data, each state file needs to be formatted to produce the data
for this analysis. The formatting procedure for these state files is similar to that described for
the national files, to a point. First, the columns concerning quarterly data are removed. In
addition, the records for unnecessary NAICS Codes are removed. (As with the national data,
only data for four-digit Industry Codes are kept.) And, any record with an Industry Code starting
with 10 or 99, regardless of the number of digits in the Industry Code, is removed. The only
exception is that those with an Industry Code of 10 and Ownership Code of 0 are kept. These
records are the total of each county, so there is the same number of these records as there are
counties in a particular state. The state files are then checked to ensure that there are no other
records with an Ownership Code of 0, because such records are totals, and could lead to double
counting. Then, extra variables are deleted from the state files, so that the only remaining
variables are County Code, Ownership Code, Industry Code, and Annual Average Employment.71
The following steps describe how these state-level tables of county data are partially
appended to each other, transformed into pivot tables, and then appended again, to produce a
single national file of county-level data. While much of the preparation for county-level data
mirrors the process for national data, these next steps do not march anything performed with
the national data.
The state files are partially combined before their data are transformed into pivot
tables, to avoid the need to create and then combine 50 separate pivot tables. First, the data
from the first ten states (alphabetically) are copied into a single file so that the state data are
stacked one on top of another. Five files like this are created with data from ten states each in
them.
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2006 employment data, at the 4-digit NAICS level, for all counties in the United States are available at
ftp://ftp.bls.gov/pub/special.requests/cew/2006/county/.
71
Annual Average Pay is not needed, because it is only necessary at the national level. The only values
ultimately required at the county level are numbers of people employed in the 317 industry groups in
2006.
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Then, for each of these five files, a pivot table is created, to collapse the multiple
Ownership Code values for each Industry Code. In these pivot tables, each county has its own
record. Just like the national data, every Industry Code has its own column. But unlike with the
national data, there is also a total column.72
Pivot tables are live representations of the underlying data. To break that link and to
make these five pivot tables static, each pivot table is copied from its original source and pasted
into a specific tab in a new spreadsheet, with care to paste only the values and formatting, thus
breaking the link with the underlying data. When completed this new spreadsheet has 5 tabs,
one with data from each file. The column headings for each of these tabs are compared to
ensure that once they are copied into one single file the Industry Codes will line up correctly.
Once that check is complete the data from these five pivot tables are pasted into a single table
to create a master file of 2006 four-digit employment numbers for all 317 industry groups (and
county totals) for every county in the fifty states.
As noted earlier in this chapter the analysis in this dissertation does not include every
county in the nation. Rather, it excludes counties with fewer than 20,000 residents; it also
excludes the six parishes in Louisiana that were affected by Hurricanes Katrina and Rita. As a
result, this master file of county-level employment numbers is pared down to only contain data
from the counties in this dissertation. The resulting table contains 2006 total employment in all
317 industry groups as well as county totals for all counties in this analysis. This file is the
second part of the data used to calculate the dependent variable. (The first part is the number
of people employed in all 317 industry groups, and their pay, at the national level, as described
above.)
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With the national-level data, a total column (with data from the record where Industry Code is 10 and
Ownership Code is 0) is not necessary. But at the county level, percentages of total workers who are
employed in “advantageous” industry groups are to be calculated. Because of this, the total column is
necessary, to serve as the denominator of those calculations.
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Figure A-29.

Percent of workers that are in “advantageous” industry groups, by county, 2006

NOTE: White areas with no county border lines are locations not included in this analysis, either because they have fewer than 20,000 residents (and therefore 200507 Census estimates are not available) or they are one of six parishes affected by Hurricanes Katrina and Rita that did not report unemployment figures for 2006.
“Advantageous” industry groups are designated as those with above average pay in 2006, above average growth in employment between 2002 and 2006, and which
are not geographically concentrated. A full explanation of how industry groups are deemed “advantageous” can be found in Chapter III of this dissertation, and in
Figure A-13 in this Appendix. In 2006, the 23.54 percent of workers are employed in “advantageous” industry groups.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Table A-1.

Public, degree-granting institutions of Higher Education (IHEs) listed the
National Science Foundation (NSF) database of spending on academic R&D by
IHEs, with spending amount, and corresponding county, 2006-07 academic year
Total Academic
R&D Expenditures

County and State
Abbreviation

Alabama A & M University

$13,672,000

Madison AL

Alabama State University

$1,900,000

Montgomery AL

$140,629,000

Lee AL

Jacksonville State University

$523,000

Calhoun AL

Troy University

$246,000

Pike AL

$36,382,000

Tuscaloosa AL

$351,457,000

Jefferson AL

University of Alabama in Huntsville

$70,027,000

Madison AL

University of South Alabama

$25,883,000

Mobile AL

$7,122,000
$151,782,000

Anchorage Borough AK
Fairbanks North Star Borough
AK

$1,087,000

Juneau Borough AK

$224,352,000

Maricopa AZ

$26,566,000

Coconino AZ

$531,753,000

Pima AZ

$7,494,000

Craighead AR

$327,000

Pope AR

University of Arkansas at Little Rock

$9,683,000

Pulaski AR

University of Arkansas at Pine Bluff

$5,831,000

Jefferson AR

University of Arkansas for Medical Sciences

$108,551,000

Pulaski AR

University of Arkansas Main Campus

$101,109,000

Washington AR

$7,036,000

Faulkner AR

$2,466,000

Los Angeles CA

$14,517,000

San Luis Obispo CA

California State University-Monterey Bay

$7,032,000

Monterey CA

California State University-Bakersfield

$1,833,000

Kern CA

Institution Name

Auburn University Main Campus

The University of Alabama
University of Alabama at Birmingham

University of Alaska Anchorage
University of Alaska Fairbanks
University of Alaska Southeast
Arizona State University at the Tempe
Campus
Northern Arizona University
University of Arizona
Arkansas State University-Main Campus
Arkansas Tech University

University of Central Arkansas
California State Polytechnic UniversityPomona
California Polytechnic State University-San
Luis Obispo

See notes at the end of Table A-1.
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Table A-1.

Public institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year
—Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

California State University-Chico

$2,814,000

Butte CA

California State University-Dominguez Hills

$6,016,000

Los Angeles CA

California State University-Fresno

$5,297,000

Fresno CA

California State University-Fullerton

$4,311,000

Orange CA

California State University-East Bay

$3,509,000

Alameda CA

California State University-Long Beach

$13,867,000

Los Angeles CA

California State University-Los Angeles

$10,053,000

Los Angeles CA

California State University-Northridge

$12,412,000

Los Angeles CA

$183,000

Sacramento CA

California State University-San Bernardino

$8,323,000

San Bernardino CA

Humboldt State University

$7,087,000

Humboldt CA

Naval Postgraduate School

$63,392,000

Monterey CA

San Diego State University

$65,810,000

San Diego CA

San Francisco State University

$20,069,000

San Francisco CA

San Jose State University

$34,241,000

Santa Clara CA

$408,000

Sonoma CA

University of California Office of President

$118,910,000

Alameda

University of California-Berkeley

$552,365,000

Alameda CA

University of California-Davis

$600,508,000

Yolo CA

University of California-Irvine

$309,554,000

Orange CA

University of California-Los Angeles

$823,083,000

Los Angeles CA

University of California-Riverside

$128,243,000

Riverside CA

University of California-San Diego

$798,896,000

San Diego CA

University of California-San Francisco

$842,840,000

San Francisco CA

University of California-Santa Barbara

$191,204,000

Santa Barbara CA

University of California-Santa Cruz

$124,856,000

Santa Cruz CA

Institution Name

California State University-Sacramento

Sonoma State University

See notes at the end of Table A-1.
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Table A-1.

Public institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year
—Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

Colorado School of Mines

$29,939,000

Jefferson CO

Colorado State University

$288,497,000

Larimer CO

$243,000

La Plata CO

United States Air Force Academy

$14,504,000

El Paso CO

University of Colorado at Boulder

$527,587,000

Boulder CO

$1,822,000

Weld CO

Colorado State University-Pueblo

$151,000

Pueblo CO

Central Connecticut State University

$523,000

Hartford CT

Southern Connecticut State University

$1,918,000

New Haven CT

United States Coast Guard Academy

$1,020,000

New London CT

$224,679,000

Tolland CT

$324,000

Fairfield CT

$7,418,000

Kent DE

$118,245,000

New Castle DE

$16,541,000

Leon FL

$26,769,000

Palm Beach FL

$3,479,000

Lee FL

$90,903,000

Miami-Dade FL

Florida State University

$189,565,000

Leon FL

University of Central Florida

$111,595,000

Orange FL

University of Florida

$592,835,000

Alachua FL

University of North Florida

$3,875,000

Duval FL

University of South Florida

$272,661,000

Hillsborough FL

The University of West Florida

$4,840,000

Escambia FL

Albany State University

$1,331,000

Dougherty GA

Fort Valley State University
Georgia Institute of Technology-Main
Campus

$2,610,000

Peach GA

$472,591,000

Fulton GA

Institution Name

Fort Lewis College

University of Northern Colorado

University of Connecticut
Western Connecticut State University
Delaware State University
University of Delaware
Florida Agricultural and Mechanical
University
Florida Atlantic University
Florida Gulf Coast University
Florida International University

See notes at the end of Table A-1.
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$1,789,000

Bulloch GA

$51,387,000

Fulton GA

Kennesaw State University

$548,000

Cobb GA

Medical College of Georgia

$60,001,000

Richmond GA

Savannah State University

$2,301,000

Chatham GA

$300,000

Cobb GA

$1,172,000

Carroll GA

$332,612,000

Clarke GA

$7,926,000

Hawaii HI

$266,447,000

Honolulu HI

Boise State University

$10,947,000

Ada ID

Idaho State University

$19,887,000

Bannock ID

University of Idaho

$83,390,000

Latah ID

Chicago State University

$2,124,000

Cook IL

Eastern Illinois University

$885,000

Coles IL

Governors State University

$1,336,000

Cook IL

Illinois State University

$4,831,000

McLean IL

Northeastern Illinois University

$1,005,000

Cook IL

Northern Illinois University

$16,710,000

DeKalb IL

Southern Illinois University Edwardsville

$26,904,000

Madison IL

Southern Illinois University Carbondale

$64,703,000

Jackson IL

$342,421,000

Cook IL

$1,321,000

Sangamon IL

$473,890,000

Champaign IL

Western Illinois University

$1,485,000

McDonough IL

Ball State University

$7,913,000

Delaware IN

Indiana State University

$1,697,000

Vigo IN

Institution Name
Georgia Southern University
Georgia State University

Southern Polytechnic State University
University of West Georgia
University of Georgia
University of Hawaii at Hilo
University of Hawaii at Manoa

University of Illinois at Chicago
University of Illinois at Springfield
University of Illinois at Urbana-Champaign

See notes at the end of Table A-1.
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Indiana University-Bloomington

$294,981,000

Monroe IN

Purdue University-Main Campus

$415,172,000

Tippecanoe IN

Iowa State University

$217,158,000

Story IA

University of Iowa

$363,243,000

Johnson IA

$3,455,000

Black Hawk IA

$123,900,000

Riley KS

$2,533,000

Crawford KS

$202,129,000

Douglas KS

$47,398,000

Sedgwick KS

$614,000

Madison KY

Kentucky State University

$3,548,000

Franklin KY

Morehead State University

$1,758,000

Rowan KY

Murray State University

$2,555,000

Calloway KY

Northern Kentucky University

$1,584,000

Campbell KY

University of Kentucky

$331,606,000

Fayette KY

University of Louisville

$151,226,000

Jefferson KY

$10,402,000

Warren KY

$428,000

Lincoln Parish LA

$372,421,000

East Baton Rouge Parish LA

Louisiana Tech University

$14,166,000

Lincoln Parish LA

McNeese State University

$316,000

Calcasieu Parish LA

Nicholls State University

$922,000

Lafourche Parish LA

$4,674,000

Ouachita Parish LA

$371,000

Natchitoches Parish LA

Southeastern Louisiana University

$1,650,000

Tangipahoa Parish LA

Southern University and A & M College

$5,590,000

East Baton Rouge Parish LA

$154,000

Orleans Parish LA

Institution Name

University of Northern Iowa
Kansas State University
Pittsburg State University
University of Kansas Main Campus
Wichita State University
Eastern Kentucky University

Western Kentucky University
Grambling State University
Louisiana State University and Agricultural &
Mechanical College

University of Louisiana at Monroe
Northwestern State University of Louisiana

Southern University at New Orleans
See notes at the end of Table A-1.
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University of Louisiana at Lafayette

$52,075,000

Lafayette Parish LA

University of Maine

$96,135,000

Penobscot ME

University of Southern Maine

$34,799,000

Cumberland ME

Bowie State University

$1,960,000

Prince Georges MD

Morgan State University

$11,257,000

Baltimore city MD

$415,000

St. Marys MD

Towson University

$1,098,000

Baltimore MD

United States Naval Academy

$7,973,000

Anne Arundel MD

University of Baltimore

$1,169,000

Baltimore city MD

University of Maryland-Baltimore

$358,851,000

Baltimore city MD

University of Maryland-College Park

$359,760,000

Prince Georges MD

$66,968,000

Baltimore city MD

University of Maryland-Eastern Shore

$3,408,000

Somerset MD

University of Maryland-College Park

$61,757,000

Prince Georges MD

$657,000

Plymouth MA

University of Massachusetts-Amherst

$141,351,000

Hampshire MA

University of Massachusetts-Boston

$25,952,000

Suffolk MA

University of Massachusetts-Dartmouth
University of Massachusetts Medical School
Worcester

$19,538,000

Bristol MA

$ 157,469,000

Worcester MA

$34,824,000

Middlesex MA

Central Michigan University

$4,512,000

Isabella MI

Eastern Michigan University

$3,027,000

Washtenaw MI

Grand Valley State University

$4,414,000

Ottawa MI

$360,852,000

Ingham MI

$55,294,000

Houghton MI

$500,000

Marquette MI

$8,872,000

Oakland MI

Institution Name

St Mary's College of Maryland

University of Maryland-Baltimore County

Bridgewater State College

University of Massachusetts-Lowell

Michigan State University
Michigan Technological University
Northern Michigan University
Oakland University
See notes at the end of Table A-1.
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$680,000

Bay MI

University of Michigan-Ann Arbor

$808,731,000

Washtenaw MI

Wayne State University

$235,186,000

Wayne MI

$17,182,000

Kalamazoo MI

$964,000

Blue Earth MN

$2,656,000

Stearns MN

$624,149,000

Hennepin MN

Winona State University

$1,216,000

Winona MN

Alcorn State University

$9,056,000

Jefferson MS

$36,888,000

Hinds MS

$206,207,000

Oktibbeha MS

$844,000

Leflore MS

$108,244,000

Lafayette MS

$47,135,000

Forrest MS

Lincoln University

$5,573,000

Cole MO

Missouri State University

$9,320,000

Greene MO

Truman State University

$593,000

Adair MO

$228,654,000

Boone MO

University of Missouri-Kansas City

$26,870,000

Jackson MO

University of Missouri-Rolla

$30,395,000

Phelps MO

University of Missouri-St Louis

$10,907,000

St. Louis city MO

$846,000

Yellowstone MT

$116,999,000

Gallatin MT

$5,537,000

Silver Bow MT

$55,755,000

Missoula MT

University of Nebraska at Lincoln

$336,468,000

Lancaster NE

University of Nevada-Las Vegas

$53,049,000

Clark NV

Institution Name
Saginaw Valley State University

Western Michigan University
Minnesota State University-Mankato
Saint Cloud State University
University of Minnesota-Twin Cities

Jackson State University
Mississippi State University
Mississippi Valley State University
University of Mississippi Main Campus
University of Southern Mississippi

University of Missouri-Columbia

Montana State University-Billings
Montana State University-Bozeman
Montana Tech of the University of Montana
The University of Montana

See notes at the end of Table A-1.

164

Table A-1.

Public institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year
—Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$95,809,000

Washoe NV

$114,228,000

Strafford NH

$1,341,000

Essex NJ

$88,699,000

Essex NJ

$4,772,000

Gloucester NJ

$311,612,000

Middlesex NJ

$688,000

Mercer NJ

$236,834,000

Essex NJ

$150,000

Passaic NJ

$1,083,000

San Miguel NM

$83,742,000

Socorro NM

New Mexico State University-Main Campus

$148,120,000

Dona Ana NM

University of New Mexico-Main Campus

$177,430,000

Bernalillo NM

CUNY Bernard M Baruch College

$1,030,000

New York NY

CUNY Brooklyn College

$4,960,000

Kings NY

$32,840,000

New York NY

CUNY College of Staten Island
CUNY Graduate School and University
Center

$3,494,000

Richmond NY

$4,380,000

New York NY

CUNY Lehman College

$4,852,000

Bronx NY

CUNY Hunter College

$27,046,000

New York NY

$2,259,000

New York NY

$512,000

Kings NY

CUNY Queens College

$9,186,000

Queens NY

CUNY York College

$2,550,000

Queens NY

$309,221,000

Albany NY

Institution Name
University of Nevada-Reno
University of New Hampshire-Main Campus
Montclair State University
New Jersey Institute of Technology
Rowan University
Rutgers University-New
Brunswick/Piscataway
The College of New Jersey
University of Medicine and Dentistry of New
Jersey
William Paterson University of New Jersey
New Mexico Highlands University
New Mexico Institute of Mining and
Technology

CUNY City College

CUNY John Jay College Criminal Justice
CUNY Medgar Evers College

SUNY at Albany
See notes at the end of Table A-1.
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$35,462,000

Broome NY

SUNY at Buffalo

$314,837,000

Erie NY

Stony Brook University

$268,282,000

Suffolk NY

SUNY College at Brockport

$1,025,000

Monroe NY

SUNY College at Buffalo

$1,292,000

Erie NY

SUNY College at Cortland

$480,000

Cortland NY

SUNY at Fredonia

$318,000

Chautauqua NY

SUNY at Geneseo

$1,743,000

Livingston NY

SUNY College at Old Westbury

$1,682,000

Nassau NY

SUNY College at Oswego

$1,093,000

Oswego NY

SUNY College at Plattsburgh
SUNY College of Environmental Science
and Forestry

$1,190,000

Clinton NY

$23,854,000

Onondaga NY

$2,231,000

New York NY

SUNY Health Science Center at Brooklyn

$29,809,000

Kings NY

SUNY Health Science Center at Syracuse

$39,699,000

Onondaga NY

United States Military Academy

$8,167,000

Orange NY

Appalachian State University

$2,912,000

Watauga NC

$15,970,000

Pitt NC

Elizabeth City State University

$1,892,000

Pasquotank NC

Fayetteville State University

$1,743,000

Cumberland NC

$24,044,000

Guilford NC

$4,337,000

Durham NC

$331,662,000

Wake NC

$5,202,000

Buncombe NC

$477,231,000

Orange NC

$22,165,000

Mecklenburg NC

Institution Name
SUNY at Binghamton

SUNY College of Optometry

East Carolina University

North Carolina A & T State University
North Carolina Central University
North Carolina State University at Raleigh
University of North Carolina at Asheville
University of North Carolina at Chapel Hill
University of North Carolina at Charlotte
See notes at the end of Table A-1.
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$6,130,000

Guilford NC

$329,000

Robeson NC

$17,064,000

New Hanover NC

Western Carolina University

$2,602,000

Jackson NC

Winston-Salem State University

$2,086,000

Forsyth NC

$224,000

Traill ND

$106,208,000

Cass ND

$63,036,000

Grand Forks ND

$16,801,000

Montgomery OH

$ 9,120,000

Wood OH

$2,320,000

Greene OH

Cleveland State University

$15,948,000

Cuyahoga OH

Kent State University-Kent Campus

$19,001,000

Portage OH

Miami University-Oxford
Northeastern Ohio Universities College of
Medicine

$23,729,000

Butler OH

$4,984,000

Portage OH

$720,206,000

Franklin OH

Ohio University-Main Campus

$38,671,000

Athens OH

University of Akron Main Campus

$27,138,000

Summit OH

$375,852,000

Hamilton OH

University of Toledo-Main Campus

$52,448,000

Lucas OH

Wright State University-Main Campus

$49,713,000

Montgomery OH

$4,405,000

Logan OK

$554,000

Cherokee OK

Institution Name
University of North Carolina at Greensboro
University of North Carolina at Pembroke
University of North Carolina-Wilmington

Mayville State University
North Dakota State University-Main Campus
University of North Dakota
Air Force Institute of Technology-Graduate
School of Engineering & Management
Bowling Green State University-Main
Campus
Central State University

Ohio State University-Main Campus

University of Cincinnati-Main Campus

Langston University
Northeastern State University
See notes at the end of Table A-1.
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Oklahoma State University-Main Campus

$101,112,000

Payne OK

Southeastern Oklahoma State University

$360,000

Bryan OK

Southwestern Oklahoma State University

$266,000

Custer OK

University of Central Oklahoma

$ 406,000

Oklahoma OK

$176,825,000

Cleveland OK

$649,000

Union OR

$287,430,000

Multnomah OR

$4,155,000

Klamath OR

Oregon State University

$189,368,000

Benton OR

Portland State University

$26,025,000

Multnomah OR

$875,000

Jackson OR

$61,694,000

Lane OR

Cheyney University of Pennsylvania
Indiana University of Pennsylvania-Main
Campus

$274,000

Delaware PA

$410,000

Indiana PA

Lincoln University of Pennsylvania

$450,000

Chester PA

Millersville University of Pennsylvania
Pennsylvania State University-Penn State
Main Campus

$753,000

Lancaster PA

$652,144,000

Centre PA

$85,394,000

Philadelphia PA

$558,566,000

Allegheny PA

$762,000

Chester PA

$76,237,000

Washington RI

$211,760,000

Pickens SC

Coastal Carolina University

$1,095,000

Horry SC

College of Charleston

$5,308,000

Charleston SC

Institution Name

University of Oklahoma Norman Campus
Eastern Oregon University
Oregon Health & Science University
Oregon Institute of Technology

Southern Oregon University
University of Oregon

Temple University
University of Pittsburgh-Main Campus
West Chester University of Pennsylvania
University of Rhode Island
Clemson University

See notes at the end of Table A-1.
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$184,624,000

Charleston SC

$3,796,000

Orangeburg SC

$158,857,000

Richland SC

Black Hills State University

$2,935,000

Lawrence SD

Oglala Lakota College
South Dakota School of Mines and
Technology

$1,903,000

Shannon SD

$14,480,000

Pennington SD

South Dakota State University

$39,033,000

Brookings SD

University of South Dakota

$21,473,000

Clay SD

East Tennessee State University

$8,020,000

Washington TN

Middle Tennessee State University

$2,135,000

Rutherford TN

Tennessee State University

$12,475,000

Davidson TN

Tennessee Technological University

$12,226,000

Putnam TN

University of Memphis

$44,359,000

Shelby TN

$243,184,000

Knox TN

$678,000

Tom Green TX

Lamar Institute of Technology

$3,695,000

Jefferson TX

Prairie View A & M University

$12,019,000

Waller TX

Sam Houston State University

$2,500,000

Walker TX

Texas State University-San Marcos

$7,890,000

Hays TX

Stephen F Austin State University

$6,957,000

Nacogdoches TX

Sul Ross State University

$3,056,000

Brewster TX

Tarleton State University

$9,151,000

Erath TX

Texas A & M University-Corpus Christi

$11,933,000

Nueces TX

Texas A & M University-Kingsville

$13,794,000

Kleberg TX

$621,845,000

Brazos TX

Texas A & M University-Commerce

$1,616,000

Hunt TX

Texas Southern University

$3,688,000

Harris TX

Institution Name
Medical University of South Carolina
South Carolina State University
University of South Carolina-Columbia

The University of Tennessee
Angelo State University

Texas A & M University

See notes at the end of Table A-1.
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$78,884,000

Lubbock TX

$2,047,000

Grayson TX

$73,542,000

Harris TX

University of Houston-Clear Lake

$851,000

Harris TX

University of Houston-Downtown

$175,000

Harris TX

$14,207,000

Grayson TX

$28,187,000

Tarrant TX

$5,217,000

Hidalgo TX

$32,734,000

Tarrant TX

The University of Texas at Austin

$446,765,000

Travis TX

The University of Texas at Dallas

$46,477,000

Dallas TX

The University of Texas at El Paso
The University of Texas of the Permian
Basin

$39,965,000

El Paso TX

$ 995,000

Ector TX

The University of Texas at San Antonio

$30,542,000

Bexar TX

The University of Texas at Tyler
The University of Texas Health Science
Center at Houston
The University of Texas Health Science
Center at San Antonio
The University of Texas M.D. Anderson
Cancer Center

$1,395,000

Smith TX

$191,724,000

Harris TX

$160,282,000

Bexar TX

$496,539,000

Harris TX

$183,492,000

Galveston TX

$341,090,000

Dallas TX

$4,638,000

Randall TX

University of Utah

$247,794,000

Salt Lake UT

Utah State University

$138,065,000

Cache UT

University of Vermont

$113,195,000

Chittenden VT

$709,000

Newport News City VA

Institution Name
Texas Tech University
Texas Woman's University
University of Houston

University of North Texas
University of North Texas Health Science
Center
The University of Texas-Pan American
The University of Texas at Arlington

The University of Texas Medical Branch
University of Texas Southwestern Medical
Center at Dallas
West Texas A & M University

Christopher Newport University
See notes at the end of Table A-1.
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College of William and Mary

$49,854,000

Williamsburg City VA

George Mason University

$58,252,000

Fairfax City VA

James Madison University

$5,455,000

Harrisonburg City VA

Norfolk State University

$6,491,000

Norfolk City VA

Old Dominion University

$52,134,000

Norfolk City VA

University of Virginia-Main Campus

$230,181,000

Charlottesville City VA

Virginia Commonwealth University

$134,453,000

Richmond City VA

$659,000

Lexington City VA

$366,960,000

Montgomery VA

Virginia State University

$8,170,000

Petersburg City VA

Central Washington University

$2,431,000

Kittitas WA

Eastern Washington University

$2,136,000

Spokane WA

$739,000

Thurston WA

University of Washington-Seattle Campus

$756,787,000

King WA

Washington State University

$210,010,000

Whitman WA

$6,371,000

Whatcom WA

$401,000

Mercer WV

$22,519,000

Cabell WV

$579,000

Ohio WV

$349,000

Greenbrier WV

$2,765,000

Kanawha WV

$133,590,000

Monongalia WV

University of Wisconsin-Eau Claire

$1,327,000

Eau Claire WI

University of Wisconsin-Green Bay

$1,031,000

Brown WI

University of Wisconsin-La Crosse

$3,414,000

La Crosse WI

$840,672,000

Dane WI

Institution Name

Virginia Military Institute
Virginia Polytechnic Institute and State
University

The Evergreen State College

Western Washington University
Bluefield State College
Marshall University
West Liberty State College
West Virginia School of Osteopathic
Medicine
West Virginia State University
West Virginia University

University of Wisconsin-Madison
See notes at the end of Table A-1.
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$40,023,000

Milwaukee WI

University of Wisconsin-Oshkosh

$1,059,000

Winnebago WI

University of Wisconsin-Parkside

$218,000

Kenosha WI

University of Wisconsin-Platteville

$540,000

Grant WI

University of Wisconsin-River Falls

$287,000

Pierce WI

$3,077,000

Portage WI

$360,000

Dunn WI

$2,501,000

Douglas WI

$223,000

Walworth WI

$79,700,000

Albany WY

Institution Name
University of Wisconsin-Milwaukee

University of Wisconsin-Stevens Point
University of Wisconsin-Stout
University of Wisconsin-Superior
University of Wisconsin-Whitewater
University of Wyoming

NOTE: These data are reported at the institution level, and only include IHEs that have over $150,000 in separately
budgeted R&D for the 2006-07 academic year. Those institution-level data are then matched with the county in
which the institution resides to produce county-level data. This table shows the county into which each IHE is placed.
Several IHEs with multiple campuses are listed in the database as “All Campuses.” In these instances, the IHEs are
placed in the county of that IHEs main campus. In other cases, IHEs in the database are listed using an old institution
name. In those cases, the IHE name is updated to match that from the Integrated Postsecondary Education Data
System (IPEDS) database. Four IHEs in the NSF database are removed from this analysis because they are not listed
by IPEDS as public, degree-granting IHEs. Those institutions are Sinte Gleska University, Uniformed Services
University of the Health Sciences, Desert Research Institute, and the Center for Environmental and Estuarine Studies
of the University of Maryland.
SOURCE: U.S. National Science Foundation’s Survey of R&D Expenditures at Universities and Colleges.
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Table A-2.

Private, degree-granting institutions of Higher Education (IHEs) listed the
National Science Foundation (NSF) database of spending on academic R&D by
IHEs, with spending amount, and corresponding county, 2006-07 academic year
Total Academic
R&D Expenditures

County and State
Abbreviation

$197,000

Jefferson AL

$14,329,000

Macon AL

$375,000

Faulkner AR

$285,488,000

Los Angeles CA

$706,000

Orange CA

$52,118,000

Los Angeles CA

$3,121,000

Los Angeles CA

$678,000

Los Angeles CA

$909,000

Los Angeles CA

$780,000

Los Angeles CA

Harvey Mudd College

$2,739,000

Los Angeles CA

Loma Linda University

$28,020,000

San Bernardino CA

$1,597,000

Los Angeles CA

Mills College

$575,000

Alameda CA

Mount St Mary's College

$515,000

Los Angeles CA

$1,652,000

Los Angeles CA

Pitzer College

$268,000

Los Angeles CA

Point Loma Nazarene College

$358,000

San Diego CA

Pomona College

$3,108,000

Los Angeles CA

Santa Clara University

$3,814,000

Santa Clara CA

Scripps Research Institute

$360,511,000

Los Angeles CA

Stanford University

$687,511,000

Santa Clara CA

University of Redlands

$1,206,000

San Bernardino CA

University of San Diego

$11,612,000

San Diego CA

$1,096,000

San Francisco CA

$508,138,000

Los Angeles CA

University of the Pacific

$4,131,000

San Joaquin CA

University of Denver

$9,833,000

Denver CO

Institution Name
Miles College
Tuskegee University
Hendrix College
California Institute of Technology
Chapman University
Charles R Drew University of Medicine &
Science
Claremont Graduate School
Claremont McKenna College
College of Osteopathic Medicine of the
Pacific
Fuller Theological Seminary in California

Loyola Marymount University

Occidental College

University of San Francisco
University of Southern California

See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$1,020,000

New London CT

$2,148,000

Fairfield CT

$951,000

Hartford CT

$1,923,000

Hartford CT

$353,000

New Haven CT

$7,878,000

Middlesex CT

$448,671,000

New Haven CT

Embry-Riddle Aeronautical University

$7,930,000

Volusia FL

Florida Institute of Technology

$6,985,000

Brevard FL

$466,000

Duval FL

$6,697,000

Broward FL

$210,534,000

Miami-Dade FL

$240,000

Floyd GA

$8,543,000

Fulton GA

$398,383,000

Fulton GA

$18,096,000

Bibb GA

$5,445,000

Fulton GA

$27,886,000

Fulton GA

$3,741,000

Fulton GA

Coe College

$445,000

Linn IA

Drake University

$622,000

Polk IA

Grinnell College

$787,000

Poweshiek IA

Maharishi University of Management
University of Osteopathic Medicine & Health
Sciences
Augustana College (Rock Island, IL)

$280,000

Jefferson IA

$796,000

Polk IA

$212,000

Rock Island IL

Bradley University

$1,860,000

Peoria IL

De Paul University

$2,839,000

Cook IL

Institution Name
Connecticut College
Fairfield University
Trinity College (Hartford, CT)
University of Hartford
University of New Haven
Wesleyan University
Yale University

Jacksonville University
Nova Southeastern University
University of Miami
Berry College
Clark Atlanta University
Emory University
Mercer University, All Campuses
Morehouse College
Morehouse College of Medicine
Spelman College

See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued

Institution Name
Finch Univ of Hlth Sci/Chicago Medical
School
Illinois Institute of Technology

Total Academic
R&D Expenditures

County and State
Abbreviation

$12,199,000

Lake IL

$22,955,000

Cook IL

Illinois Wesleyan University

$856,000

McLean IL

Lake Forest College

$386,000

Lake IL

$34,940,000

Cook IL

$2,358,000

DuPage IL

$580,000

DuPage IL

$443,345,000

Cook IL

$84,370,000

Cook IL

$322,488,000

Cook IL

$426,000

Putnam IN

$3,271,000

Vigo IN

Loyola University of Chicago
Midwestern University (Downers Grove, IL)
National College of Chiropractic
Northwestern Univ
Rush University
University of Chicago
DePauw University
Rose-Hulman Institute of Technology
University of Notre Dame

$77,467,000

St Joseph IN

Valparaiso University

$763,000

Porter IN

Wabash College

$445,000

Montgomery IN

Dillard University

$2,846,000

Orleans Parish LA

$408,000

Orleans Parish LA

$137,107,000

Orleans Parish LA

Xavier University of Louisiana

$4,394,000

Orleans Parish LA

Amherst College

$2,926,000

Hampshire MA

Boston College

$39,261,000

Middlesex MA

$249,279,000

Suffolk MA

$56,831,000

Middlesex MA

$4,899,000

Worcester MA

$987,000

Worcester MA

Hampshire College

$1,118,000

Hampshire MA

Harvard University

$451,276,000

Middlesex MA

Loyola University New Orleans
Tulane University

Boston University
Brandeis University
Clark University
College of the Holy Cross

See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$580,000

Suffolk MA

$614,352,000

Middlesex MA

Mount Holyoke College

$3,127,000

Hampshire MA

New England College of Optometry

$1,356,000

Suffolk MA

$71,502,000

Suffolk MA

$551,000

Suffolk MA

$3,498,000

Hampshire MA

$130,826,000

Middlesex MA

Wellesley College

$4,634,000

Norfolk MA

Williams College

$3,983,000

Berkshire MA

$13,409,000

Worcester MA

$217,000

Baltimore city MD

$1,554,103,000

Baltimore city MD

Loyola College

$1,373,000

Baltimore city MD

Bates College

$1,020,000

Androscoggin ME

Bowdoin College

$2,186,000

Cumberland ME

Colby College

$1,131,000

Kennebec ME

University of New England

$2,154,000

York ME

Andrews University

$1,108,000

Berrien MI

Calvin College

$2,063,000

Kent MI

GMI Engineering and Management Institute

$2,209,000

Genesee MI

Hope College

$2,603,000

Ottawa MI

$239,000

Kalamazoo MI

$2,001,000

Oakland MI

University of Detroit Mercy

$480,000

Wayne MI

Augsburg College

$676,000

Hennepin MN

$1,852,000

Rice MN

$173,000

Nicollet MN

Institution Name
Massachusetts College of Pharmacy & Allied
Health Sciences
Massachusetts Institute of Technology

Northeastern University
Simmons College
Smith College
Tufts University

Worcester Polytechnic Institute
Goucher College
Johns Hopkins University

Kalamazoo College
Lawrence Technological University

Carleton College
Gustavus Adolphus College
See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$2,349,000

Ramsey MN

Northwestern College of Chiropractic

$1,289,000

Hennepin MN

St Olaf College

$1,060,000

Rice MN

University of St Thomas (Saint Paul, MN)

$536,000

Ramsey MN

Kirksville College of Osteopathic Medicine

$826,000

Adair MO

$54,265,000

St. Louis city MO

$1,267,000

Jackson MO

$572,775,000

St. Louis city MO

$588,000

Hinds MS

Tougaloo College

$1,675,000

Hinds MS

Davidson College

$852,000

Mecklenburg NC

Duke University

$781,843,000

Durham NC

Shaw University

$1,826,000

Wake NC

$185,609,000

Forsyth NC

Creighton University

$28,374,000

Douglas NE

Dartmouth College

$192,846,000

Grafton NH

$150,000

Bergen NJ

$1,766,000

Monmouth NJ

$188,732,000

Mercer NJ

Rider University

$1,330,000

Mercer NJ

Seton Hall University

$2,685,000

Essex NJ

$25,684,000

Hudson NJ

$183,000

Nassau NY

$3,248,000

Albany NY

$15,029,000

Albany NY

Alfred University, All Campuses

$5,474,000

Allegany NY

Barnard College

$2,764,000

New York NY

Canisius College

$163,000

Erie NY

$16,976,000

Saint Lawrence NY

Institution Name
Macalester College

St Louis University, All Campuses
University of Health Sciences
Washington University
Millsaps College

Wake Forest University

Fairleigh Dickinson U, All Campuses
Monmouth University
Princeton University

Stevens Institute of Technology
Adelphi University
Albany College of Pharmacy
Albany Medical College

Clarkson University
See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$2,217,000

Madison NY

$545,995,000

New York NY

$171,000

New York NY

$641,936,000

Tompkins NY

Daemen College

$529,000

Erie NY

Dowling College

$1,566,000

Suffolk NY

Fordham University

$5,908,000

Bronx NY

Hamilton College

$1,907,000

Oneida NY

Hobart William Smith Colleges

$685,000

Ontario NY

Hofstra University

$687,000

Nassau NY

Ithaca College

$1,434,000

Tompkins NY

Long Island University, All Campuses

$2,853,000

Kings NY

Manhattan College

$441,000

Bronx NY

Mercy College

$401,000

Westchester NY

$269,451,000

New York NY

$7,795,000

New York NY

$2,708,000

Nassau NY

$34,365,000

Westchester NY

$297,867,000

New York NY

$718,000

New York NY

Polytechnic University

$14,216,000

Kings NY

Rensselaer Polytechnic Institute

$77,238,000

Rensselaer NY

Rochester Institute of Technology

$20,961,000

Monroe NY

Institution Name
Colgate University
Columbia University in the City of New York
Cooper Union
Cornell University, All Campuses

Mount Sinai School of Medicine
New School for Social Research
New York Institute of Technology, All
Campuses
New York Medical College
New York University
Pace University, All Campuses

Rockefeller University

$233,917,000

New York NY

Sarah Lawrence College

$566,000

Westchester NY

Siena College (Loudonville, NY)

$585,000

Albany NY

Skidmore College

$726,000

Saratoga NY

$1,783,000

Queens NY

St John's University (Jamaica, NY)
See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$36,396,000

Onondaga NY

$12,585,000

New York NY

$2,086,000

Schenectady NY

$373,247,000

Monroe NY

$600,000

Dutchess NY

Yeshiva University

$192,199,000

New York NY

Case Western Reserve University

$372,374,000

Cuyahoga OH

College of Wooster

$944,000

Wayne OH

Denison University

$321,000

Licking OH

John Carroll University

$298,000

Cuyahoga OH

Oberlin College

$773,000

Lorain OH

Ohio Wesleyan University

$376,000

Delaware OH

$74,005,000

Montgomery OH

$1,405,000

Greene OH

$14,735,000

Tulsa OK

$1,048,000

Multnomah OR

$793,000

Washington OR

$1,220,000

Multnomah OR

University of Portland

$887,000

Multnomah OR

Willamette University

$377,000

Marion OR

Allegheny College

$787,000

Crawford PA

Beaver College

$2,450,000

Montgomery PA

Bryn Mawr College

$3,881,000

Montgomery PA

Bucknell University

$1,744,000

Union PA

$197,143,000

Allegheny PA

Dickinson College

$1,076,000

Cumberland PA

Drexel University

$96,575,000

Philadelphia PA

Duquesne University

$8,850,000

Allegheny PA

Franklin and Marshall College

$1,993,000

Lancaster PA

Institution Name
Syracuse University, All Campuses
Teachers College, Columbia University
Union College (Schenectady, NY)
University of Rochester
Vassar College

University of Dayton
Wilberforce University
University of Tulsa
Lewis and Clark College
Pacific University
Reed College

Carnegie Mellon University

See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$427,000

Adams PA

$1,182,000

Montgomery PA

$332,000

Huntingdon PA

La Salle University

$2,758,000

Philadelphia PA

Lafayette College

$1,472,000

Northampton PA

Lehigh University

$36,537,000

Northampton PA

Mercyhurst College

$767,000

Erie PA

Muhlenberg College

$511,000

Lehigh PA

Pennsylvania College of Optometry
Philadelphia College of Osteopathic
Medicine
Philadelphia College of Pharmacy and
Science
Philadelphia College of Textiles and Science

$1,587,000

Montgomery PA

$1,754,000

Philadelphia PA

$1,449,000

Philadelphia PA

$848,000

Philadelphia PA

St Francis College (Loretto, PA)

$3,677,000

Cambria PA

St Joseph's University

$2,930,000

Philadelphia PA

Swarthmore College

$1,449,000

Delaware PA

Thomas Jefferson University

$107,288,000

Philadelphia PA

University of Pennsylvania

$648,247,000

Philadelphia PA

University of Scranton

$600,000

Lackawanna PA

Ursinus College

$472,000

Montgomery PA

$10,473,000

Delaware PA

Wilkes University

$300,000

Luzerne PA

Brown University

Institution Name
Gettysburg College
Haverford College
Juniata College

Villanova University

$152,619,000

Providence RI

Providence College

$558,000

Providence RI

Roger Williams University

$867,000

Bristol RI

Benedict College

$1,604,000

Richland SC

Claflin College

$1,261,000

Orangeburg SC

See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued

Institution Name
Furman University

Total Academic
R&D Expenditures

County and State
Abbreviation

$1,042,000

Greenville SC

$807,000

Minnehaha SD

$6,000,000

Davidson TN

Augustana College (Sioux Falls, SD)
Fisk University
Meharry Medical College

$33,218,000

Davidson TN

Rhodes College

$432,000

Shelby TN

University of the South

$190,000

Franklin TN

$399,149,000

Davidson TN

Abilene Christian University

$269,000

Taylor TX

Baylor College of Medicine

$438,280,000

Harris TX

$8,951,000

McLennan TX

$405,000

Gregg TX

Rice University

$71,435,000

Harris TX

Southern Methodist University

$13,381,000

Dallas TX

$623,000

Bexar TX

Texas Christian University

$3,924,000

Tarrant TX

Trinity University

Vanderbilt University

Baylor University
Le Tourneau University

St Mary's University

$1,244,000

Bexar TX

Brigham Young University, All Campuses

$26,653,000

Utah UT

Eastern Virginia Medical School

$31,453,000

Norfolk City VA

Hampton University

$24,017,000

Hampton City VA

Roanoke College

$402,000

Salem City VA

Sweet Briar College

$428,000

Amherst VA

$1,958,000

Richmond City VA

$329,000

Lexington City VA

University of Richmond
Washington and Lee University
Middlebury College

$1,830,000

Addison VT

Heritage College (Toppenish, WA)

$210,000

Yakima WA

Pacific Lutheran University

$547,000

Pierce WA

Seattle Pacific University

$150,000

King WA

$1,096,000

King WA

$453,000

Pierce WA

Seattle University
University of Puget Sound
See notes at the end of Table A-2.
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Table A-2.

Private institutions of Higher Education (IHEs) listed the National Science
Foundation (NSF) database of spending on academic R&D by IHEs, with
spending amount, and corresponding county, 2006-07 academic year—
Continued
Total Academic
R&D Expenditures

County and State
Abbreviation

$299,000

Walla Walla WA

Lawrence University

$301,000

Outagamie WI

Marquette University

$9,744,000

Milwaukee WI

Institution Name
Whitman College

Medical College of Wisconsin

$158,171,000

Milwaukee WI

Milwaukee School of Engineering

$3,740,000

Milwaukee WI

Wheeling Jesuit University

$7,005,000

Ohio WV

NOTE: These data are reported at the institution level, and only include IHEs that have over $150,000 in separately
budgeted R&D for the 2006-07 academic year. Those institution-level data are then matched with the county in
which the institution resides to produce county-level data. This table shows the county into which each IHE is placed.
Several IHEs with multiple campuses are listed in the database as “All Campuses.” In these instances, the IHEs are
placed in the county of that IHEs main campus. In other cases, IHEs in the database are listed using an old institution
name. In those cases, the IHE name is updated to match that from the Integrated Postsecondary Education Data
System (IPEDS) database.
SOURCE: U.S. National Science Foundation’s Survey of R&D Expenditures at Universities and Colleges.

182

Table A-3.

“Advantageous” industry groups, with corresponding data
2006
% of
% of employment
total
in "advanemploytageous"
ment
industries

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

7.6407 $59,332

0

344,237

0.26%

1.09%

5611 Office Administrative Services
Management, Scientific, and
5416 Technical Consulting Services
Offices of Real Estate Agents and
5312 Brokers
Wholesale Electronic Markets and
4251 Agents and Brokers

6.5403 $67,587

0

369,060

0.28%

1.17%

6.0993 $73,004

0

932,487

0.70%

2.96%

5.7486 $54,550

0

375,930

0.28%

1.19%

5.7091 $70,930

0

786,033

0.59%

2.50%

2361 Residential Building Construction

5.6735 $45,275

0

1,002,455

0.75%

3.18%

5239 Other Financial Investment Activities
Lumber and Other Construction
4233 Materials Merchant Wholesalers

4.5559 $169,800

0

311,933

0.23%

0.99%

4.4067 $49,513

0

264,806

0.20%

0.84%

6214 Outpatient Care Centers
Independent Artists, Writers, and
7115 Performers
Commercial and Industrial Machinery
5324 and Equipment Rental and Leasing
Remediation and Other Waste
5629 Management Services

4.3675 $44,189

0

550,078

0.41%

1.75%

4.1767 $111,387

0

47,377

0.04%

0.15%

4.0193 $56,425

0

118,070

0.09%

0.37%

3.7792 $45,596

0

114,627

0.09%

0.36%

6215 Medical and Diagnostic Laboratories

3.7027 $50,774

0

203,004

0.15%

0.64%

2002
NAICS
code

2002 NAICS Industry Group Name
Activities Related to Credit
5223 Intermediation
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See notes at the end of Table A-3.

Average
annual %
change in
employment size
(2002-06)

Annual
average
employment

% of
employment in
non-"advantageous"
industries

Table A-3.

“Advantageous” industry groups, with corresponding data —Continued
2006
Average
Number of
annual %
Census Divisions
% of
change in Annual
with less than
Annual
% of employment
2002
employaverage
0.5% of those
average
total
in "advanNAICS
ment size
pay
employed in this
employ- employtageous"
code
2002 NAICS Industry Group Name
(2002-06)
(2006)
industry group
ment
ment
industries
Commercial and Industrial Machinery
and Equipment (except Automotive
and Electronic) Repair and
0
8113 Maintenance
3.5912 $44,164
179,474 0.13%
0.57%
Beer, Wine, and Distilled Alcoholic
0
4248 Beverage Merchant Wholesalers
3.5679 $52,940
150,191 0.11%
0.48%
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5313 Activities Related to Real Estate
Agents and Managers for Artists,
Athletes, Entertainers, and Other
7114 Public Figures

3.5656 $43,920

0

528,067

0.39%

1.68%

3.5351 $97,587

0

17,720

0.01%

0.06%

2372 Land Subdivision

3.1493 $67,706

0

97,748

0.07%

0.31%

5414 Specialized Design Services

3.0932 $51,729

0

138,351

0.10%

0.44%

5222 Nondepository Credit Intermediation
Administration of Housing Programs,
Urban Planning, and Community
9251 Development
Computer Systems Design and
5415 Related Services

3.0782 $72,208

0

786,620

0.59%

2.50%

3.0529 $46,039

0

97,276

0.07%

0.31%

2.8890 $84,038

0

1,282,012

0.96%

4.07%

2371 Utility System Construction
Machine Shops; Turned Product; and
3327 Screw, Nut, and Bolt Manufacturing

2.7767 $50,113

0

425,559

0.32%

1.35%

2.7610 $43,326

0

352,210

0.26%

1.12%

See notes at the end of Table A-3.
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Table A-3.

“Advantageous” industry groups, with corresponding data —Continued
2006
% of
% of employment
total
in "advanemploytageous"
ment
industries

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

2.7446 $67,658

0

1,437,594

1.07%

4.56%

2.6796 $50,073

0

142,005

0.11%

0.45%

2.6099 $85,196

0

627,638

0.47%

1.99%

2.5951 $55,555

0

606,493

0.45%

1.93%

2.5518 $45,279

0

79,277

0.06%

0.25%

2382 Building Equipment Contractors
Miscellaneous Durable Goods
4239 Merchant Wholesalers
Hardware, and Plumbing and
Heating Equipment and Supplies
4237 Merchant Wholesalers

2.2849 $45,574

0

2,003,342

1.50%

6.36%

2.2467 $46,146

0

290,089

0.22%

0.92%

2.1973 $52,531

0

253,841

0.19%

0.81%

4885 Freight Transportation Arrangement
Agencies, Brokerages, and Other
5242 Insurance Related Activities

2.0655 $50,863

0

181,128

0.14%

0.57%

2.0448 $57,769

0

890,120

0.67%

2.83%

6211 Offices of Physicians

2.0426 $68,130

0

2,162,103

1.62%

6.86%

2002
NAICS
code
5413
5175
5417
9261
3279

2002 NAICS Industry Group Name
Architectural, Engineering, and
Related Services
Cable and Other Program
Distribution
Scientific Research and
Development Services
Administration of Economic
Programs
Other Nonmetallic Mineral Product
Manufacturing

185

See notes at the end of Table A-3.

Average
annual %
change in
employment size
(2002-06)

Annual
average
employment

% of
employment in
non-"advantageous"
industries

Table A-3.

“Advantageous” industry groups, with corresponding data —Continued
2006
% of
% of employment
total
in "advanemploytageous"
ment
industries

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

2.0413 $53,419

0

1,819,692

1.36%

5.78%

1.9833 $45,335

0

248,755

0.19%

0.79%

3366 Ship and Boat Building
Furniture and Home Furnishing
4232 Merchant Wholesalers
General Medical and Surgical
6221 Hospitals
Accounting, Tax Preparation,
5412 Bookkeeping, and Payroll Services

1.7854 $48,492

0

180,102

0.13%

0.57%

1.6938 $49,546

0

115,471

0.09%

0.37%

1.4897 $46,633

0

5,169,937

3.86%

16.41%

1.4277 $52,150

0

899,634

0.67%

2.86%

3119 Other Food Manufacturing
Management of Companies and
5511 Enterprises

1.3582 $46,244

0

158,512

0.12%

0.50%

1.2972 $88,823

0

1,785,257

1.33%

5.67%

5411 Legal Services

1.2923 $72,787

0

1,173,872

0.88%

3.73%

5221 Depository Credit Intermediation

1.1074 $52,258

0

1,803,960

1.35%

5.73%

2002
NAICS
code

2002 NAICS Industry Group Name
Justice, Public Order, and Safety
9221 Activities
Cement and Concrete Product
3273 Manufacturing

186

See notes at the end of Table A-3.

Average
annual %
change in
employment size
(2002-06)

Annual
average
employment

% of
employment in
non-"advantageous"
industries

Table A-3.

2002
NAICS
code

“Advantageous” industry groups, with corresponding data —Continued

2002 NAICS Industry Group Name

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

Annual
average
employment

2006
% of
% of employment
total
in "advanemploytageous"
ment
industries

% of
employment in
non-"advantageous"
industries

187

NOTE: For the nation as a whole, the average annual percent change (AAPC) in employment size between 2002 and 2006 is 1.0743%. Industry groups with an AAPC
(over that same time period) greater than this national average have their AAPC in bold. For the nation as a whole, the annual average pay in 2006 is $42,535.
Industry groups with an annual average pay (in 2006) greater than this national average have their annual average pay in bold. Industry groups that have at least 0.5%
of their 2006 employment in each of the nine Census Divisions have a zero listed as the number of Census Divisions with less than 0.5% of their employment, and that
zero is in bold. All 45 industry groups in this table have bold values in each of those three columns, and are therefore labeled “advantageous” industry groups. Among
the 317 industry groups, a total of 58 have higher-than-average AAPC in employment size and higher-than-average average annual pay. The 13 not in this table have
less than 0.5% of the workers of their industry group in one or more Census Divisions. Because those 13 industry groups exhibit extremely uneven regional
distribution, to the point that at least one Census Division has virtually no jobs in that industry group, they are excluded from the list of “advantageous” industry
groups and are therefore not listed in this table. (They are presented in Table A-4.) “Advantageous” industry groups employ about 24% of those working in the United
States in 2006.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Table A-4.

2002
NAICS
code

Non-”advantageous” industry groups, due to geographical concentration, with corresponding data

2002 NAICS Industry Group Name

2131 Support Activities for Mining

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

10.6225 $67,317

Number of
Census Divisions
with less than
Annual
0.5% of those
average
employed in this
employindustry group
ment
1 262,498
7 462

% of
total
employment

2006
% of
employment
in "advantageous"
industries

% of
employment in
non-"advantageous"
industries

0.20%

0.26%

0.00%

0.00%

188

4821 Rail Transportation

7.3410 $43,772

3365 Railroad Rolling Stock Manufacturing
Deep Sea, Coastal, and Great Lakes
4831 Water Transportation

5.5168 $50,440

6 27,367

0.02%

0.03%

3.9050 $65,911

3 38,236

0.03%

0.04%

5259 Other Investment Pools and Funds
Specialty (except Psychiatric and
6223 Substance Abuse) Hospitals

3.9007 $110,939

1 44,630

0.03%

0.04%

3.3274 $47,761

0.14%

0.19%

4832 Inland Water Transportation

3.0564 $55,954

2 192,623
1 22,934

0.02%

0.02%

2122 Metal Ore Mining

2.8025 $71,136

6 31,883

0.02%

0.03%

2111 Oil and Gas Extraction
Agriculture, Construction, and Mining
3331 Machinery Manufacturing
Support Activities for Water
4883 Transportation
2121 Coal Mining
9271 Space Research and Technology

2.7216 $131,165

1 134,858

0.10%

0.13%

2.4185 $57,728

1 218,347

0.16%

0.21%

2.1229 $57,713
1.6685 $66,639
1.4296 $93,175

1 104,759
5 78,648
4 18,371

0.08%
0.06%
0.01%

0.10%
0.08%
0.02%

See notes at the end of Table A-4.

Table A-4.

2002
NAICS
code

Non-”advantageous” industry groups, due to geographical concentration, with corresponding data —Continued

2002 NAICS Industry Group Name

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

Annual
average
employment

% of
total
employment

2006
% of
employment
in "advantageous"
industries

% of
employment in
non-"advantageous"
industries

189

NOTE: For the nation as a whole, the average annual percent change (AAPC) in employment size between 2002 and 2006 is 1.0743%. Industry groups with an AAPC
(over that same time period) greater than this national average have their AAPC in bold. For the nation as a whole, the annual average pay in 2006 is $42,535.
Industry groups with an annual average pay (in 2006) greater than this national average have their annual average pay in bold. (All industry groups in this table have
data in both of those columns in bold.) Industry groups that have at least 0.5% of their 2006 employment in each of the nine Census Divisions have a zero listed as the
number of Census Divisions with less than 0.5% of their employment, and that zero is in bold. None of the industry groups in this table have bold values in that column
of data. The 13 industry groups in this table have both higher-than-average AAPC in employment size and higher-than-average average annual pay. But, they also
have less than 0.5% of the workers of their industry group in one or more Census Divisions. Because these 13 industry groups exhibit extremely uneven regional
distribution, to the point that at least one Census Division has virtually no jobs in that industry group, they are excluded from the list of “advantageous” industry
groups and are therefore listed in this table. The industry groups in this table employ about 0.88% of those working in the United States in 2006.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

6117 Educational Support Services

12.2685

$36,057

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

6216 Home Health Care Services

6.4125

$24,340

5621 Waste Collection

6.2946

5612 Facilities Support Services

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

190

87,988

0.07%

0.09%

0

874,227

0.65%

0.86%

$42,044

0

135,812

0.10%

0.13%

5.9569

$41,450

1

129,995

0.10%

0.13%

4931 Warehousing and Storage

5.3474

$36,737

0

637,079

0.48%

0.62%

4529 Other General Merchandise Stores

5.3107

$20,466

0

1,385,544

1.04%

1.36%

6241 Individual and Family Services

5.2608

$24,551

0

1,152,552

0.86%

1.13%

6116 Other Schools and Instruction

5.1130

$19,120

0

274,556

0.21%

0.27%

2389 Other Specialty Trade Contractors
Foundation, Structure, and Building
2381 Exterior Contractors
Other Amusement and Recreation
7139 Industries

5.0260

$40,840

0

704,055

0.53%

0.69%

4.9834

$36,665

0

1,113,529

0.83%

1.09%

4.7649

$17,702

0

1,239,878

0.93%

1.22%

4412 Other Motor Vehicle Dealers
Community Care Facilities for the
6233 Elderly

4.5878

$36,562

0

170,520

0.13%

0.17%

4.4624

$21,751

0

642,994

0.48%

0.63%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

6213 Offices of Other Health Practitioners
Other Transit and Ground Passenger
4859 Transportation

4.3477

$33,579

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

4.1802

$24,581

2383 Building Finishing Contractors
Scenic and Sightseeing
4879 Transportation, Other

3.9959

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

191

575,336

0.43%

0.56%

0

65,178

0.05%

0.06%

$36,367

0

1,017,374

0.76%

1.00%

3.9439

$34,904

4

2,909

0.00%

0.00%

8141 Private Households
Promoters of Performing Arts,
7113 Sports, and Similar Events
Other Ambulatory Health Care
6219 Services
Building Material and Supplies
4441 Dealers
Support Activities for Rail
4882 Transportation

3.8501

$16,320

0

527,249

0.39%

0.52%

3.8341

$32,350

0

87,918

0.07%

0.09%

3.7208

$34,283

0

231,219

0.17%

0.23%

3.4407

$30,653

0

1,174,706

0.88%

1.15%

3.3702

$40,215

1

22,767

0.02%

0.02%

4481 Clothing Stores
Motor Vehicle Body and Trailer
3362 Manufacturing
School and Employee Bus
4854 Transportation

3.3339

$17,244

0

1,100,344

0.82%

1.08%

3.3186

$39,992

1

175,392

0.13%

0.17%

3.1001

$20,233

0

216,323

0.16%

0.21%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

7132 Gambling Industries

3.0600

$28,953

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
1

7222 Limited-Service Eating Places

2.9959

$12,096

8121 Personal Care Services
Other Professional, Scientific, and
5419 Technical Services

2.8390

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

192

278,773

0.21%

0.27%

0

3,995,652

2.99%

3.92%

$18,482

0

588,761

0.44%

0.58%

2.7946

$35,183

0

554,362

0.41%

0.54%

5617 Services to Buildings and Dwellings

2.7783

$22,517

0

1,814,017

1.36%

1.78%

7221 Full-Service Restaurants

2.5899

$15,207

0

4,414,722

3.30%

4.33%

5613 Employment Services

2.5592

$25,322

0

3,609,427

2.70%

3.54%

4422 Home Furnishings Stores

2.4887

$27,787

0

286,459

0.21%

0.28%

1121 Cattle Ranching and Farming
Support Activities for Road
4884 Transportation

2.3209

$25,674

1

123,835

0.09%

0.12%

2.2387

$33,356

0

102,794

0.08%

0.10%

4842 Specialized Freight Trucking

2.2220

$37,295

0

425,700

0.32%

0.42%

6212 Offices of Dentists
Colleges, Universities, and
6113 Professional Schools

2.0536

$42,071

0

786,756

0.59%

0.77%

1.8900

$45,443

0

2,633,925

1.97%

2.58%

1111 Oilseed and Grain Farming

1.8737

$27,096

1

30,057

0.02%

0.03%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

8131 Religious Organizations

1.8439

$23,237

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
1

6115 Technical and Trade Schools
Support Activities for Animal
1152 Production
Electronic Shopping and Mail-Order
4541 Houses

1.8002

$35,669

1.7895

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

193

179,431

0.13%

0.18%

0

131,299

0.10%

0.13%

$28,350

0

27,406

0.02%

0.03%

1.6797

$41,747

0

234,021

0.17%

0.23%

6244 Child Day Care Services
Support Activities for Crop
1151 Production

1.5941

$17,216

0

772,494

0.58%

0.76%

1.5388

$20,357

1

283,917

0.21%

0.28%

4421 Furniture Stores

1.4516

$32,252

0

296,751

0.22%

0.29%

7223 Special Food Services
Sporting Goods, Hobby, and Musical
4511 Instrument Stores

1.4456

$18,972

0

545,373

0.41%

0.53%

1.4197

$18,158

0

463,697

0.35%

0.45%

1122 Hog and Pig Farming
Residential Mental Retardation,
Mental Health and Substance Abuse
6232 Facilities

1.3898

$28,323

5

25,562

0.02%

0.03%

1.3233

$25,738

0

623,825

0.47%

0.61%

4841 General Freight Trucking

1.3171

$41,498

0

998,099

0.75%

0.98%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

6112 Junior Colleges

1.2453

$32,479

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

7211 Traveler Accommodation

1.1006

$24,708

4533 Used Merchandise Stores

1.0970

8133 Social Advocacy Organizations

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

194

674,088

0.50%

0.66%

0

1,809,156

1.35%

1.77%

$18,340

0

112,965

0.08%

0.11%

1.0953

$32,553

0

175,989

0.13%

0.17%

5191 Other Information Services
Grocery and Related Product
4244 Wholesalers

1.0573

$31,152

0

187,145

0.14%

0.18%

1.0560

$45,229

0

704,786

0.53%

0.69%

4853 Taxi and Limousine Service

1.0437

$24,184

0

70,055

0.05%

0.07%

Veneer, Plywood, and Engineered
3212 Wood Product Manufacturing

1.0262

$37,236

0

120,246

0.09%

0.12%

4431 Electronics and Appliance Stores

0.9583

$37,074

0

548,435

0.41%

0.54%

4461 Health and Personal Care Stores

0.9566

$31,161

0

966,804

0.72%

0.95%

5619 Other Support Services

0.9467

$37,384

0

301,025

0.22%

0.29%

6111 Elementary and Secondary Schools
Support Activities for Air
4881 Transportation

0.9277

$37,148

0

7,850,931

5.87%

7.69%

0.9145

$45,127

0

207,888

0.16%

0.20%

5616 Investigation and Security Services

0.9098

$26,266

0

757,517

0.57%

0.74%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

0.9070

$61,316

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

0.9015

$18,905

Architectural and Structural Metals
3323 Manufacturing

0.8934

2362 Nonresidential Building Construction

2002
NAICS
code

2002 NAICS Industry Group Name

5418 Advertising and Related Services
RV (Recreational Vehicle) Parks and
7212 Recreational Camps

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

195

456,128

0.34%

0.45%

0

52,692

0.04%

0.05%

$42,132

0

410,399

0.31%

0.40%

0.8830

$55,535

0

789,261

0.59%

0.77%

1113 Fruit and Tree Nut Farming
Metal and Mineral (except
4235 Petroleum) Merchant Wholesalers

0.8155

$19,521

3

163,729

0.12%

0.16%

0.7906

$59,801

0

128,797

0.10%

0.13%

5614 Business Support Services

0.7811

$32,686

0

783,289

0.59%

0.77%

4869 Other Pipeline Transportation

0.7394

$78,072

6

5,476

0.00%

0.01%

4921 Couriers

0.7312

$39,732

0

531,392

0.40%

0.52%

5161 Internet Publishing and Broadcasting
Wireless Telecommunications
5172 Carriers (except Satellite)

0.6602

$77,239

0

34,684

0.03%

0.03%

0.6310

$64,892

0

201,354

0.15%

0.20%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

0.6217

$27,606

0

134,807

0.10%

0.13%

0.5807

$30,324

0

207,250

0.15%

0.20%

1125 Animal Aquaculture

0.5795

$28,670

3

6,390

0.00%

0.01%

2213 Water, Sewage and Other Systems

0.5136

$47,119

0

204,007

0.15%

0.20%

0.4827

$28,825

0

492,719

0.37%

0.48%

0.4613

$84,491

0

27,523

0.02%

0.03%

0.4049

$49,350

0

109,160

0.08%

0.11%

0.3453

$54,229

0

676,465

0.51%

0.66%

0.3178

$44,145

0

347,145

0.26%

0.34%

2002
NAICS
code

2002 NAICS Industry Group Name
Community Food and Housing, and
Emergency and Other Relief
6242 Services
Museums, Historical Sites, and
7121 Similar Institutions

196

4413
5331
2123
4238
4231

Automotive Parts, Accessories, and
Tire Stores
Lessors of Nonfinancial Intangible
Assets (except Copyrighted Works)
Nonmetallic Mineral Mining and
Quarrying
Machinery, Equipment, and Supplies
Merchant Wholesalers
Motor Vehicle and Motor Vehicle
Parts and Supplies Merchant
Wholesalers

See notes at the end of Table A-5.

Annual
average
employment

% of
total
employment

% of
employment in
non-”advantageous"
industries

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

0.2978

$83,620

0

212,177

0.16%

0.21%

0.2863

$77,910

0

474,201

0.35%

0.46%

4851 Urban Transit Systems
Scenic and Sightseeing
4871 Transportation, Land

0.2785

$51,603

2

220,186

0.16%

0.22%

0.2489

$26,711

0

10,409

0.01%

0.01%

4812 Nonscheduled Air Transportation

0.2399

$57,780

0

44,975

0.03%

0.04%

6231 Nursing Care Facilities

0.2321

$26,467

0

1,649,244

1.23%

1.62%

7131 Amusement Parks and Arcades
Business, Professional, Labor,
8139 Political, and Similar Organizations
Cable and Other Subscription
5152 Programming
Electronic and Precision Equipment
8112 Repair and Maintenance

0.2247

$21,911

2

154,984

0.12%

0.15%

0.1181

$43,266

0

432,932

0.32%

0.42%

0.0999

$67,753

0

90,862

0.07%

0.09%

0.0858

$47,562

0

104,583

0.08%

0.10%

4482 Shoe Stores
Automotive Equipment Rental and
5321 Leasing

0.0773

$19,033

0

183,038

0.14%

0.18%

0.0330

$36,223

0

196,914

0.15%

0.19%

2002
NAICS
code

2002 NAICS Industry Group Name
Drugs and Druggists' Sundries
4242 Merchant Wholesalers
Aerospace Product and Parts
3364 Manufacturing
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-0.0062

$69,140

1

48,372

0.04%

0.05%

3219 Other Wood Product Manufacturing
Greenhouse, Nursery, and
1114 Floriculture Production

-0.0356

$33,135

0

317,651

0.24%

0.31%

-0.0417

$25,137

0

172,676

0.13%

0.17%

4411 Automobile Dealers
Engine, Turbine, and Power
Transmission Equipment
3336 Manufacturing

-0.0909

$45,878

0

1,243,643

0.93%

1.22%

-0.0956

$61,626

1

99,945

0.07%

0.10%

-0.0972

$65,725

0

130,644

0.10%

0.13%

-0.0989

$25,351

0

300,214

0.22%

0.29%

-0.1069

$52,486

3

18,891

0.01%

0.02%

-0.1072

$38,438

0

147,869

0.11%

0.14%

-0.1271

$54,167

0

306,100

0.23%

0.30%

2002
NAICS
code

2002 NAICS Industry Group Name
Insurance and Employee Benefit
5251 Funds
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Chemical and Allied Products
4246 Merchant Wholesalers
4539 Other Miscellaneous Store Retailers
Lime and Gypsum Product
3274 Manufacturing
Coating, Engraving, Heat Treating,
3328 and Allied Activities
Medical Equipment and Supplies
3391 Manufacturing
See notes at the end of Table A-5.

Annual
average
employment

% of
total
employment

% of
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industries

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

3121 Beverage Manufacturing
Apparel, Piece Goods, and Notions
4243 Merchant Wholesalers

-0.1284

$47,991

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

-0.1397

$60,321

8134 Civic and Social Organizations

-0.1521

6243 Vocational Rehabilitation Services

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries
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172,568

0.13%

0.17%

0

149,573

0.11%

0.15%

$15,761

0

419,375

0.31%

0.41%

-0.1749

$23,136

0

330,652

0.25%

0.32%

3321 Forging and Stamping

-0.1767

$46,070

0

111,692

0.08%

0.11%

4451 Grocery Stores
Other Support Activities for
4889 Transportation

-0.2206

$20,599

0

2,458,894

1.84%

2.41%

-0.2280

$31,331

1

29,222

0.02%

0.03%

8129 Other Personal Services
Highway, Street, and Bridge
2373 Construction

-0.2371

$22,629

0

224,534

0.17%

0.22%

-0.2589

$47,057

0

528,847

0.40%

0.52%

7112 Spectator Sports
Pharmaceutical and Medicine
3254 Manufacturing
Professional and Commercial
Equipment and Supplies Merchant
4234 Wholesalers

-0.2618

$98,205

0

134,406

0.10%

0.13%

-0.2923

$89,986

0

289,766

0.22%

0.28%

-0.3039

$77,978

0

647,544

0.48%

0.63%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-0.3384

$29,730

0

168,110

0.13%

0.16%

-0.3627

$41,090

0

3,081,991

2.30%

3.02%

-0.3966

$39,991

1

244,900

0.18%

0.24%

8111 Automotive Repair and Maintenance

-0.3991

$29,786

0

895,696

0.67%

0.88%

5151 Radio and Television Broadcasting

-0.4072

$60,430

0

238,738

0.18%

0.23%

Boiler, Tank, and Shipping Container
3324 Manufacturing

-0.4213

$50,198

0

93,710

0.07%

0.09%

5121 Motion Picture and Video Industries
Miscellaneous Nondurable Goods
4249 Merchant Wholesalers
Administration of Environmental
9241 Quality Programs
Scenic and Sightseeing
4872 Transportation, Water

-0.4424

$52,903

0

351,774

0.26%

0.34%

-0.4481

$40,760

0

359,338

0.27%

0.35%

-0.5023

$50,047

0

326,944

0.24%

0.32%

-0.5255

$23,807

2

15,071

0.01%

0.01%

5311 Lessors of Real Estate

-0.6074

$37,445

0

633,683

0.47%

0.62%

2002
NAICS
code

2002 NAICS Industry Group Name
Jewelry, Luggage, and Leather
4483 Goods Stores
Executive, Legislative, and Other
9211 General Government Support
Psychiatric and Substance Abuse
6222 Hospitals
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

3211 Sawmills and Wood Preservation

-0.6378

$36,182

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

5241 Insurance Carriers
Navigational, Measuring,
Electromedical, and Control
3345 Instruments Manufacturing
Steel Product Manufacturing from
3312 Purchased Steel

-0.6446

$68,779

-0.6571

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries
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117,340

0.09%

0.11%

0

1,268,623

0.95%

1.24%

$77,128

0

435,455

0.33%

0.43%

-0.6657

$52,811

1

60,347

0.05%

0.06%

5112 Software Publishers

-0.6849

$107,187

0

243,135

0.18%

0.24%

1129 Other Animal Production

-0.6863

$28,960

0

18,832

0.01%

0.02%

3116 Animal Slaughtering and Processing
Other General Purpose Machinery
3339 Manufacturing

-0.7389

$29,668

0

502,573

0.38%

0.49%

-0.7664

$53,358

0

273,856

0.20%

0.27%

3112 Grain and Oilseed Milling

-0.7808

$56,093

2

60,218

0.04%

0.06%

4453 Beer, Wine, and Liquor Stores

-0.7833

$21,365

0

138,591

0.10%

0.14%

3111 Animal Food Manufacturing

-0.8260

$47,154

0

49,209

0.04%

0.05%

4861 Pipeline Transportation of Crude Oil

-0.8328

$87,175

7

7,202

0.01%

0.01%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-0.8434

$198,485

0

501,290

0.37%

0.49%

-0.8960

$35,710

1

72,046

0.05%

0.07%

8132 Grantmaking and Giving Services

-0.9099

$43,937

0

136,301

0.10%

0.13%

1112 Vegetable and Melon Farming

-0.9534

$22,389

1

95,797

0.07%

0.09%

4471 Gasoline Stations
Administration of Human Resource
9231 Programs

-0.9647

$17,398

0

862,064

0.64%

0.84%

-0.9992

$49,200

0

741,328

0.55%

0.73%

1124 Sheep and Goat Farming

-1.0115

$20,908

7

1,277

0.00%

0.00%

3115 Dairy Product Manufacturing

-1.0599

$45,875

0

130,784

0.10%

0.13%

1123 Poultry and Egg Production

-1.0706

$29,858

0

40,186

0.03%

0.04%

6239 Other Residential Care Facilities
Lawn and Garden Equipment and
4442 Supplies Stores

-1.0736

$27,153

0

181,897

0.14%

0.18%

-1.0825

$25,942

0

145,473

0.11%

0.14%

1153 Support Activities for Forestry

-1.1334

$33,596

3

15,841

0.01%

0.02%

3261 Plastics Product Manufacturing

-1.1599

$39,883

0

634,099

0.47%

0.62%

2002
NAICS
code

2002 NAICS Industry Group Name
Securities and Commodity Contracts
5231 Intermediation and Brokerage
Farm Product Raw Material
4245 Merchant Wholesalers
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-1.2037

$69,729

0

345,234

0.26%

0.34%

-1.2041

$86,507

0

113,056

0.08%

0.11%

-1.2336

$127,192

4

8,978

0.01%

0.01%

8122 Death Care Services
National Security and International
9281 Affairs

-1.2821

$30,829

0

136,623

0.10%

0.13%

-1.2883

$65,647

0

536,211

0.40%

0.53%

3118 Bakeries and Tortilla Manufacturing
Paint, Coating, and Adhesive
3255 Manufacturing

-1.3071

$32,356

0

279,629

0.21%

0.27%

-1.4859

$57,322

0

67,182

0.05%

0.07%

7111 Performing Arts Companies
Ventilation, Heating, AirConditioning, and Commercial
Refrigeration Equipment
3334 Manufacturing

-1.4951

$38,930

0

115,909

0.09%

0.11%

-1.5066

$43,298

0

155,627

0.12%

0.15%

3332 Industrial Machinery Manufacturing

-1.5123

$61,410

0

122,976

0.09%

0.12%

2002
NAICS
code

2002 NAICS Industry Group Name
Electrical and Electronic Goods
4236 Merchant Wholesalers
Petroleum and Coal Products
3241 Manufacturing
Securities and Commodity
5232 Exchanges
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-1.5285

$36,525

0

50,481

0.04%

0.05%

2212 Natural Gas Distribution
Paper and Paper Product Merchant
4241 Wholesalers
Other Heavy and Civil Engineering
2379 Construction
Other Fabricated Metal Product
3329 Manufacturing
Seafood Product Preparation and
3117 Packaging
Other Transportation Equipment
3369 Manufacturing

-1.5454

$77,392

1

115,170

0.09%

0.11%

-1.5473

$52,424

0

149,313

0.11%

0.15%

-1.5646

$53,216

0

110,966

0.08%

0.11%

-1.6093

$48,759

0

287,879

0.22%

0.28%

-1.6544

$33,233

2

40,823

0.03%

0.04%

-1.6988

$51,756

2

39,809

0.03%

0.04%

8123 Drycleaning and Laundry Services
Household and Institutional Furniture
3371 and Kitchen Cabinet Manufacturing
Electric Power Generation,
2211 Transmission and Distribution

-1.7008

$22,212

0

341,526

0.26%

0.33%

-1.7170

$31,963

0

372,002

0.28%

0.36%

-1.7607

$79,293

0

484,680

0.36%

0.47%

2002
NAICS
code

2002 NAICS Industry Group Name
Other Furniture Related Product
3379 Manufacturing
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

5322 Consumer Goods Rental
Petroleum and Petroleum Products
4247 Merchant Wholesalers
Personal and Household Goods
8114 Repair and Maintenance

-1.7632

$23,860

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
0

-1.8017

$57,030

-1.8915

4521 Department Stores
Newspaper, Periodical, Book, and
5111 Directory Publishers
Alumina and Aluminum Production
3313 and Processing
Business Schools and Computer and
6114 Management Training
Other Chemical Product and
3259 Preparation Manufacturing

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries
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265,951

0.20%

0.26%

0

101,769

0.08%

0.10%

$30,093

0

76,506

0.06%

0.07%

-1.8928

$19,479

0

1,602,951

1.20%

1.57%

-1.9186

$51,767

0

656,178

0.49%

0.64%

-1.9309

$52,725

2

73,181

0.05%

0.07%

-1.9874

$51,499

0

81,582

0.06%

0.08%

-2.0681

$56,955

0

104,639

0.08%

0.10%

1141 Fishing

-2.0726

$59,555

3

6,832

0.01%

0.01%

5211 Monetary Authorities - Central Bank
Drinking Places (Alcoholic
7224 Beverages)

-2.0793

$66,580

5

21,384

0.02%

0.02%

-2.0921

$12,562

0

357,053

0.27%

0.35%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-2.1034

$49,731

0

198,349

0.15%

0.19%

-2.1863

$38,184

0

174,380

0.13%

0.17%

4911 Postal Service
Soap, Cleaning Compound, and
3256 Toilet Preparation Manufacturing

-2.1893

$52,092

0

772,222

0.58%

0.76%

-2.2045

$55,476

0

110,462

0.08%

0.11%

7213 Rooming and Boarding Houses
Resin, Synthetic Rubber, and
Artificial Synthetic Fibers and
3252 Filaments Manufacturing
Other Electrical Equipment and
3359 Component Manufacturing
Nonferrous Metal (except Aluminum)
3314 Production and Processing

-2.2541

$18,339

0

14,296

0.01%

0.01%

-2.2798

$67,308

2

103,727

0.08%

0.10%

-2.2943

$49,900

0

137,697

0.10%

0.13%

-2.4345

$57,081

2

72,755

0.05%

0.07%

3399 Other Miscellaneous Manufacturing
1133 Logging

-2.4632
-2.4665

$40,235
$32,819

0
0

342,229
62,260

0.26%
0.05%

0.34%
0.06%

3315 Foundries

-2.4896

$45,667

0

161,275

0.12%

0.16%

3149 Other Textile Product Mills

-2.5007

$30,307

0

70,446

0.05%

0.07%

2002
NAICS
code

2002 NAICS Industry Group Name
Metalworking Machinery
3335 Manufacturing
Fruit and Vegetable Preserving and
3114 Specialty Food Manufacturing
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

3361 Motor Vehicle Manufacturing
Office Furniture (including Fixtures)
3372 Manufacturing

-2.5550

$77,389

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
6

-2.6079

$40,302

5323 General Rental Centers

-2.6268

4452 Specialty Food Stores

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries
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240,410

0.18%

0.24%

0

134,552

0.10%

0.13%

$41,497

0

56,625

0.04%

0.06%

-2.6871

$22,541

0

232,914

0.17%

0.23%

4855 Charter Bus Industry

-2.7131

$24,564

0

30,971

0.02%

0.03%

5622 Waste Treatment and Disposal
Iron and Steel Mills and Ferroalloy
3311 Manufacturing
Printing and Related Support
3231 Activities
Local Messengers and Local
4922 Delivery

-2.7363

$53,511

0

132,025

0.10%

0.13%

-2.7590

$70,574

2

95,581

0.07%

0.09%

-2.7804

$42,215

0

636,736

0.48%

0.62%

-2.8716

$27,649

0

45,531

0.03%

0.04%

3363 Motor Vehicle Parts Manufacturing
Travel Arrangement and Reservation
5615 Services

-2.8976

$52,464

0

648,293

0.48%

0.64%

-2.9183

$39,697

0

228,844

0.17%

0.22%

3353 Electrical Equipment Manufacturing

-2.9244

$52,963

0

154,528

0.12%

0.15%

See notes at the end of Table A-5.

Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-3.0076

$96,668

0

120,347

0.09%

0.12%

-3.0239

$67,668

0

266,004

0.20%

0.26%

5174 Satellite Telecommunications
Converted Paper Product
3222 Manufacturing
Pipeline Transportation of Natural
4862 Gas

-3.0376

$82,982

4

16,387

0.01%

0.02%

-3.2035

$47,565

0

331,998

0.25%

0.33%

-3.2189

$93,812

4

27,685

0.02%

0.03%

4543 Direct Selling Establishments
Interurban and Rural Bus
4852 Transportation

-3.2263

$39,011

0

142,710

0.11%

0.14%

-3.2686

$31,515

3

22,614

0.02%

0.02%

3262 Rubber Product Manufacturing
Pesticide, Fertilizer, and Other
3253 Agricultural Chemical Manufacturing
Semiconductor and Other Electronic
3344 Component Manufacturing
Forest Nurseries and Gathering of
1132 Forest Products

-3.3483

$45,243

0

159,147

0.12%

0.16%

-3.3648

$61,405

1

38,392

0.03%

0.04%

-3.3799

$75,499

0

456,389

0.34%

0.45%

-3.4609

$27,228

6

2,472

0.00%

0.00%

2002
NAICS
code

2002 NAICS Industry Group Name
Internet Service Providers and Web
5181 Search Portals
Data Processing, Hosting, and
5182 Related Services
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-3.4911

$22,293

0

378,820

0.28%

0.37%

3251 Basic Chemical Manufacturing

-3.6021

$78,547

0

146,000

0.11%

0.14%

1131 Timber Tract Operations
Sugar and Confectionery Product
3113 Manufacturing

-3.6301

$53,073

5

7,321

0.01%

0.01%

-3.8085

$40,440

0

73,910

0.06%

0.07%

4542 Vending Machine Operators
Commercial and Service Industry
3333 Machinery Manufacturing

-4.0190

$27,507

0

49,673

0.04%

0.05%

-4.0593

$58,474

0

108,959

0.08%

0.11%

4811 Scheduled Air Transportation

-4.1408

$54,277

0

437,164

0.33%

0.43%

3322 Cutlery and Handtool Manufacturing
Clay Product and Refractory
3271 Manufacturing

-4.4307

$50,198

0

53,763

0.04%

0.05%

-4.4308

$41,894

0

59,869

0.04%

0.06%

4512 Book, Periodical, and Music Stores
Glass and Glass Product
3272 Manufacturing

-4.4667

$17,682

0

190,660

0.14%

0.19%

-4.4687

$46,251

0

103,976

0.08%

0.10%

3221 Pulp, Paper, and Paperboard Mills

-4.6721

$66,222

1

136,424

0.10%

0.13%

3352 Household Appliance Manufacturing

-4.6903

$45,954

2

80,144

0.06%

0.08%

2002
NAICS
code

2002 NAICS Industry Group Name
Office Supplies, Stationery, and Gift
4532 Stores
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
2006
% of
employment
in “advantageous"
industries

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

-4.7158

$46,808

1

59,332

0.04%

0.06%

3325 Hardware Manufacturing

-4.8371

$44,182

3

34,561

0.03%

0.03%

3162 Footwear Manufacturing
Spring and Wire Product
3326 Manufacturing

-4.8850

$36,641

4

17,249

0.01%

0.02%

-4.9327

$40,565

0

57,905

0.04%

0.06%

4531 Florists

-4.9733

$16,008

0

96,361

0.07%

0.09%

1119 Other Crop Farming
Computer and Peripheral Equipment
3341 Manufacturing
Communications Equipment
3342 Manufacturing

-4.9771

$23,365

0

78,815

0.06%

0.08%

-5.5888

$114,487

0

196,236

0.15%

0.19%

-5.9040

$81,756

0

143,518

0.11%

0.14%

3141 Textile Furnishings Mills

-6.2049

$32,220

1

90,112

0.07%

0.09%

5122 Sound Recording Industries

-6.4530

$74,260

0

20,928

0.02%

0.02%

5171 Wired Telecommunications Carriers
Audio and Video Equipment
3343 Manufacturing
Apparel Accessories and Other
3159 Apparel Manufacturing

-7.0443

$73,067

0

479,156

0.36%

0.47%

-7.0718

$61,614

1

31,099

0.02%

0.03%

-7.0850

$31,272

4

19,827

0.01%

0.02%

2002
NAICS
code

2002 NAICS Industry Group Name
Electric Lighting Equipment
3351 Manufacturing
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Table A-5.

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued
Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

3131 Fiber, Yarn, and Thread Mills
Manufacturing and Reproducing
3346 Magnetic and Optical Media

-7.2763

$30,955

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group
4

-7.4460

$67,474

5179 Other Telecommunications

-7.8920

5173 Telecommunications Resellers

2002
NAICS
code

2002 NAICS Industry Group Name

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries

211

47,343

0.04%

0.05%

2

40,878

0.03%

0.04%

$81,667

0

6,719

0.01%

0.01%

-8.3774

$66,286

0

125,420

0.09%

0.12%

3122 Tobacco Manufacturing
Textile and Fabric Finishing and
3133 Fabric Coating Mills
Leather and Hide Tanning and
3161 Finishing
Other Leather and Allied Product
3169 Manufacturing

-8.4959

$79,947

6

22,686

0.02%

0.02%

-8.5835

$36,748

2

57,534

0.04%

0.06%

-9.0888

$40,152

4

5,925

0.00%

0.01%

-9.2420

$30,849

1

13,493

0.01%

0.01%

3152 Cut and Sew Apparel Manufacturing

-9.5500

$30,704

0

185,777

0.14%

0.18%

3151 Apparel Knitting Mills

-9.9434

$32,864

5

33,079

0.02%

0.03%

3132 Fabric Mills

-11.5209

$36,331

3

88,996

0.07%

0.09%

1142 Hunting and Trapping

-14.3234

$23,153

7

1,936

0.00%

0.00%

See notes at the end of Table A-5.

Table A-5.

2002
NAICS
code

Non-”advantageous” industry groups, due to low employment growth, low pay, or a combination of the two with or
without geographic concentration, with corresponding data —Continued

2002 NAICS Industry Group Name

Average
annual %
change in
employment size
(2002-06)

Annual
average
pay
(2006)

Number of
Census Divisions
with less than
0.5% of those
employed in this
industry group

Annual
average
employment

% of
total
employment

2006
% of
employment
in “advantageous"
industries

% of
employment in
non-”advantageous"
industries
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NOTE: For the nation as a whole, the average annual percent change (AAPC) in employment size between 2002 and 2006 is 1.0743%. Industry groups with an AAPC
(over that same time period) greater than this national average have their AAPC in bold. For the nation as a whole, the annual average pay in 2006 is $42,535.
Industry groups with an annual average pay (in 2006) greater than this national average have their annual average pay in bold. Industry groups that have at least 0.5%
of their 2006 employment in each of the nine Census Divisions have a zero listed as the number of Census Divisions with less than 0.5% of their employment, and that
zero is in bold. All industry groups in this table have data in at least one of those columns that is not in bold. The 259 industry groups in this table have lower-thanaverage AAPC in employment size, lower-than-average average annual pay, at least one Census Division with less than 0.5 percent of its workforce, or some
combination of the three. Because of that, these industry groups are excluded from the list of “advantageous” industry groups and are therefore listed in this table.
The industry groups in this table employ about 75% of those working in the United States in 2006.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics, Quarterly Census of Employment and Wage Program.

Source |
SS
df
MS
-------------+-----------------------------Model | 34929.2952
12
2910.7746
Residual | 30215.5069 1797 16.8144168
-------------+-----------------------------Total | 65144.8021 1809 36.0114992

Number of obs
F( 12, 1797)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

1810
173.11
0.0000
0.5362
0.5331
4.1005

-----------------------------------------------------------------------------adv |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.3230834
.0120773
26.75
0.000
.5013087
pmpubaa1 |
2.740849
.3118353
8.79
0.000
.2115946
pmpubaa2 |
2.435469
.5162213
4.72
0.000
.0824375
pmpubaa3 |
.7008998
.5760502
1.22
0.224
.0222155
pmpubaa4 | -.4417746
.6686566
-0.66
0.509
-.0114657
pmpubba1 |
2.586878
.3846916
6.72
0.000
.1579466
pmpubba2 | -.8936348
.5863911
-1.52
0.128
-.0307979
pmpubba3 |
-5.24973
.5872019
-8.94
0.000
-.2177167
lpcpubrd1 |
1.080416
.5025137
2.15
0.032
.0473136
lpcpubrd2 |
1.473726
.4821791
3.06
0.002
.0724109
lstfund1 | -.5801454
.3320294
-1.75
0.081
-.0430227
lstfund2 |
1.22222
.4156227
2.94
0.003
.08002
_cons |
4.664843
.2553264
18.27
0.000
.
------------------------------------------------------------------------------

Figure A-30.

Results of regression model M-1

Note: These regression parameters were calculated in STATA, using the following command: reg adv bama pmpubaa1
pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2, beta
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients and beta coefficients.
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Variable |
VIF
1/VIF
-------------+---------------------lstfund2 |
2.87
0.348582
lstfund1 |
2.35
0.425723
pmpubba3 |
2.30
0.435229
pmpubaa1 |
2.25
0.445362
lpcpubrd2 |
2.17
0.459845
pmpubba1 |
2.14
0.467851
lpcpubrd1 |
1.88
0.532986
pmpubba2 |
1.58
0.631983
bama |
1.36
0.734986
pmpubaa3 |
1.29
0.774253
pmpubaa2 |
1.18
0.845369
pmpubaa4 |
1.17
0.857032
-------------+---------------------Mean VIF |
1.88

Figure A-31.

Results of the vif test on regression model M-1

Note: These results were calculated in STATA using the following command: vif (after model M-1 is run).
All of the VIF values are well below 10, and are even below 5, so there is no evidence of multicollinearity in model M1.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of adv
chi2(1)
Prob > chi2

Figure A-32.

=
=

34.43
0.0000

Results of the hettest on regression model M-1

Note: These results were calculated in STATA, using the following command: hettest (after model M-1 is run).
The probability is below 0.05, so there is some evidence of heteroskedasticity in model M-1.
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Source |
SS
df
MS
-------------+-----------------------------Model | 40509.0345
27 1500.33461
Residual | 24635.7676 1782 13.8247854
-------------+-----------------------------Total | 65144.8021 1809 36.0114992

Number of obs
F( 27, 1782)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

1810
108.52
0.0000
0.6218
0.6161
3.7182

-----------------------------------------------------------------------------adv |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.2390031
.0142464
16.78
0.000
.3708466
pmpubaa1 |
1.476975
.3011422
4.90
0.000
.114023
pmpubaa2 |
1.345742
.4842094
2.78
0.006
.0455516
pmpubaa3 | -.1163753
.5314226
-0.22
0.827
-.0036886
pmpubaa4 |
-.438268
.6149417
-0.71
0.476
-.0113747
pmpubba1 |
1.240873
.371263
3.34
0.001
.0757638
pmpubba2 | -.7989438
.5381066
-1.48
0.138
-.0275345
pmpubba3 | -3.823742
.5454225
-7.01
0.000
-.1585782
lpcpubrd1 |
.6665386
.4588312
1.45
0.146
.0291891
lpcpubrd2 |
.3275726
.4492119
0.73
0.466
.0160951
lstfund1 |
.1923499
.3105835
0.62
0.536
.0142644
lstfund2 |
.6363003
.3979067
1.60
0.110
.0416592
pmpriaa1 |
2.005088
.3264716
6.14
0.000
.1085656
pmpriaa2 |
1.625371
.7100974
2.29
0.022
.0340177
pmpriba1 |
.3702591
.2620462
1.41
0.158
.0250623
pmpriba2 | -.8681054
.3345597
-2.59
0.010
-.0430887
pmpriba3 |
-1.67417
.7089412
-2.36
0.018
-.035628
lpcprird1 |
.140348
.4151957
0.34
0.735
.0057064
lpcprird2 |
1.830003
.6922223
2.64
0.008
.0437317
uncap | -.3324379
.0703467
-4.73
0.000
-.0820732
lpopden |
1.36353
.1106607
12.32
0.000
.2887742
a | -.0815241
.0312229
-2.61
0.009
-.0467421
b |
.0080454
.008176
0.98
0.325
.0185409
h |
.0257603
.008242
3.13
0.002
.0513749
cenregne |
.0769789
.3277205
0.23
0.814
.0040577
cenregs |
1.241448
.2450438
5.07
0.000
.1032817
cenregw |
3.207808
.361758
8.87
0.000
.178742
_cons |
.9309092
.6471135
1.44
0.150
.
------------------------------------------------------------------------------

Figure A-33.

Results of regression model M-2

Note: These regression parameters were calculated in STATA, using the following command: reg adv bama pmpubaa1
pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2 pmpriaa1
pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 uncap lpopden a b h cenregne cenregs cenregw, beta
Significant coefficients are noted with borders around them.
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Variable |
VIF
1/VIF
-------------+---------------------lstfund2 |
3.20
0.312693
lpopden |
2.59
0.386371
pmpubaa1 |
2.55
0.392642
lstfund1 |
2.50
0.400037
pmpubba1 |
2.42
0.412997
pmpubba3 |
2.41
0.414766
bama |
2.30
0.434299
lpcpubrd2 |
2.30
0.435614
cenregs |
1.96
0.510624
cenregw |
1.91
0.522283
lpcpubrd1 |
1.90
0.525633
b |
1.67
0.597760
pmpubba2 |
1.62
0.617050
a |
1.51
0.662197
pmpriba1 |
1.48
0.674518
pmpriaa1 |
1.47
0.679158
uncap |
1.42
0.703573
cenregne |
1.41
0.711138
lpcprird1 |
1.34
0.744670
pmpubaa3 |
1.34
0.747997
pmpriba2 |
1.30
0.769572
lpcprird2 |
1.29
0.775530
h |
1.27
0.785441
pmpubaa2 |
1.27
0.790002
pmpubaa4 |
1.20
0.833128
pmpriba3 |
1.07
0.932342
pmpriaa2 |
1.04
0.960814
-------------+---------------------Mean VIF |
1.77

Figure A-34.

Results of the vif test on regression model M-2

Note: These results were calculated in STATA using the following command: vif (after model M-2 is run).
All of the VIF values are well below 10, and are even below 5, so there is no evidence of multicollinearity in model M2.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of Pct_Adv
chi2(1)
Prob > chi2

Figure A-35.

=
=

99.86
0.0000

Results of the hettest on regression model M-2

Note: These results were calculated in STATA, using the following command: hettest (after model M-2 is run).
The probability is below 0.05, so there is some evidence of heteroskedasticity in model M-2.
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Source |
SS
df
MS
-------------+-----------------------------Model | 175703.543
27 6507.53864
Residual | 77649.1877 1782 43.5741794
-------------+-----------------------------Total | 253352.731 1809 140.051261

Number of obs
F( 27, 1782)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

1810
149.34
0.0000
0.6935
0.6889
6.6011

-----------------------------------------------------------------------------hhy |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.7821987
.0252924
30.93
0.000
.6154387
pmpubaa1 | -.6979268
.5346346
-1.31
0.192
-.0273216
pmpubaa2 | -1.938191
.859644
-2.25
0.024
-.0332672
pmpubaa3 | -2.640468
.9434641
-2.80
0.005
-.0424382
pmpubaa4 | -1.173797
1.09174
-1.08
0.282
-.0154479
pmpubba1 | -2.446899
.6591238
-3.71
0.000
-.0757578
pmpubba2 | -4.660134
.9553307
-4.88
0.000
-.0814397
pmpubba3 | -11.23437
.968319
-11.60
0.000
-.2362548
lpcpubrd1 | -.0779441
.8145886
-0.10
0.924
-.0017308
lpcpubrd2 | -4.587504
.7975109
-5.75
0.000
-.1142985
lstfund1 |
-2.11113
.5513962
-3.83
0.000
-.0793877
lstfund2 | -2.475947
.706426
-3.50
0.000
-.0821992
pmpriaa1 | -2.033847
.5796032
-3.51
0.000
-.0558411
pmpriaa2 | -3.552271
1.260675
-2.82
0.005
-.0376994
pmpriba1 | -1.713577
.4652253
-3.68
0.000
-.058816
pmpriba2 | -4.279167
.5939626
-7.20
0.000
-.1077029
pmpriba3 | -10.08968
1.258623
-8.02
0.000
-.1088795
lpcprird1 | -1.066209
.7371201
-1.45
0.148
-.0219823
lpcprird2 | -3.508652
1.228941
-2.86
0.004
-.0425169
uncap | -1.284648
.1248904
-10.29
0.000
-.1608245
lpopden |
2.754821
.1964621
14.02
0.000
.295845
a |
.3492423
.0554318
6.30
0.000
.1015374
b | -.0524913
.0145153
-3.62
0.000
-.0613409
h |
.012941
.0146325
0.88
0.377
.0130872
cenregne |
.0302406
.5818206
0.05
0.959
.0008083
cenregs | -4.090286
.4350399
-9.40
0.000
-.1725542
cenregw |
.062269
.6422491
0.10
0.923
.0017594
_cons |
28.90617
1.148857
25.16
0.000
.
------------------------------------------------------------------------------

Figure A-36.

Results of regression model V-1

Note: These regression parameters were calculated in STATA, using the following command: reg hhy bama pmpubaa1
pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2 pmpriaa1
pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 uncap lpopden a b h cenregne cenregs cenregw, beta
Significant coefficients are noted with borders around them.
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Variable |
VIF
1/VIF
-------------+---------------------lstfund2 |
3.20
0.312693
lpopden |
2.59
0.386371
pmpubaa1 |
2.55
0.392642
lstfund1 |
2.50
0.400037
pmpubba1 |
2.42
0.412997
pmpubba3 |
2.41
0.414766
bama |
2.30
0.434299
lpcpubrd2 |
2.30
0.435614
cenregs |
1.96
0.510624
cenregw |
1.91
0.522283
lpcpubrd1 |
1.90
0.525633
b |
1.67
0.597760
pmpubba2 |
1.62
0.617050
a |
1.51
0.662197
pmpriba1 |
1.48
0.674518
pmpriaa1 |
1.47
0.679158
uncap |
1.42
0.703573
cenregne |
1.41
0.711138
lpcprird1 |
1.34
0.744670
pmpubaa3 |
1.34
0.747997
pmpriba2 |
1.30
0.769572
lpcprird2 |
1.29
0.775530
h |
1.27
0.785441
pmpubaa2 |
1.27
0.790002
pmpubaa4 |
1.20
0.833128
pmpriba3 |
1.07
0.932342
pmpriaa2 |
1.04
0.960814
-------------+---------------------Mean VIF |
1.77

Figure A-37.

Results of the vif test on regression model V-1

Note: These results were calculated in STATA using the following command: vif (after model V-1 is run).
All of the VIF values are well below 10, and are even below 5, so there is no evidence of multicollinearity in model V-1.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of hhy
chi2(1)
Prob > chi2

Figure A-38.

=
=

175.68
0.0000

Results of the hettest on regression model V-1

Note: These results were calculated in STATA, using the following command: hettest (after model V-1 is run).
The probability is below 0.05, so there is some evidence of heteroskedasticity in model V-1.
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Source |
SS
df
MS
-------------+-----------------------------Model | 40747.4692
28 1455.26676
Residual | 24397.3329 1781 13.6986709
-------------+-----------------------------Total | 65144.8021 1809 36.0114992

Number of obs
F( 28, 1781)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

1810
106.23
0.0000
0.6255
0.6196
3.7012

-----------------------------------------------------------------------------adv |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.1956587
.0175797
11.13
0.000
.3035916
pmpubaa1 |
1.515649
.2999088
5.05
0.000
.1170087
pmpubaa2 |
1.453145
.4826828
3.01
0.003
.0491871
pmpubaa3 |
.0299425
.5301544
0.06
0.955
.000949
pmpubaa4 | -.3732236
.6123289
-0.61
0.542
-.0096865
pmpubba1 |
1.376465
.370992
3.71
0.000
.0840426
pmpubba2 | -.5407091
.539211
-1.00
0.316
-.0186348
pmpubba3 | -3.201205
.5630611
-5.69
0.000
-.1327603
lpcpubrd1 |
.6708578
.4567347
1.47
0.142
.0293782
lpcpubrd2 |
.5817827
.4512906
1.29
0.198
.0285856
lstfund1 |
.3093352
.3104326
1.00
0.319
.0229398
lstfund2 |
.7735014
.3974505
1.95
0.052
.0506419
pmpriaa1 |
2.117791
.3260999
6.49
0.000
.1146679
pmpriaa2 |
1.822215
.708424
2.57
0.010
.0381374
pmpriba1 |
.4652146
.2618393
1.78
0.076
.0314897
pmpriba2 | -.6309814
.3378455
-1.87
0.062
-.031319
pmpriba3 | -1.115064
.7183121
-1.55
0.121
-.0237297
lpcprird1 |
.1994305
.4135401
0.48
0.630
.0081086
lpcprird2 |
2.02443
.6906318
2.93
0.003
.0483779
uncap |
-.261251
.072074
-3.62
0.000
-.0644984
lpopden |
1.210875
.1160729
10.43
0.000
.2564444
a | -.1008769
.0314245
-3.21
0.001
-.0578381
b |
.0109541
.0081684
1.34
0.180
.0252443
h |
.0250432
.0082061
3.05
0.002
.0499448
cenregne |
.0753031
.3262226
0.23
0.817
.0039694
cenregs |
1.468106
.2499005
5.87
0.000
.1221384
cenregw |
3.204357
.3601051
8.90
0.000
.1785498
hhy |
.0554136
.0132822
4.17
0.000
.1092796
_cons | -.6708854
.7498963
-0.89
0.371
.
------------------------------------------------------------------------------

Figure A-39.

Results of regression model M-3

Note: These correlation coefficients were calculated in STATA, using the following command: reg adv bama
pmpubaa1 pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2
pmpriaa1 pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 uncap lpopden a b h cenregne cenregs cenregw
hhy, beta
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients and beta coefficients.
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Variable |
VIF
1/VIF
-------------+---------------------bama |
3.54
0.282614
hhy |
3.26
0.306486
lstfund2 |
3.22
0.310552
lpopden |
2.87
0.347976
pmpubba3 |
2.59
0.385636
pmpubaa1 |
2.55
0.392267
lstfund1 |
2.52
0.396773
pmpubba1 |
2.44
0.409827
lpcpubrd2 |
2.34
0.427673
cenregs |
2.06
0.486491
cenregw |
1.91
0.522280
lpcpubrd1 |
1.90
0.525630
b |
1.69
0.593406
pmpubba2 |
1.64
0.608919
a |
1.54
0.647767
uncap |
1.51
0.664140
pmpriba1 |
1.49
0.669422
pmpriaa1 |
1.48
0.674497
cenregne |
1.41
0.711137
lpcprird1 |
1.34
0.743796
pmpubaa3 |
1.34
0.744724
pmpriba2 |
1.34
0.747792
lpcprird2 |
1.30
0.771999
h |
1.27
0.785097
pmpubaa2 |
1.27
0.787754
pmpubaa4 |
1.20
0.832588
pmpriba3 |
1.11
0.899890
pmpriaa2 |
1.05
0.956552
-------------+---------------------Mean VIF |
1.90

Figure A-40.

Results of the vif test on regression model M-3

Note: These results were calculated in STATA using the following command: vif (after model M-3 is run).
All of the VIF values are well below 10, and are even below 5, so there is no evidence of multicollinearity in model M3.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of adv
chi2(1)
Prob > chi2

Figure A-41.

=
=

15.25
0.0001

Results of the hettest on regression model M-3

Note: These results were calculated in STATA, using the following command: hettest (after model M-3 is run).
The probability is below 0.05, so there is some evidence of heteroskedasticity in model M-3.
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Huber
Huber
Huber
Biweight
Biweight
Biweight

iteration
iteration
iteration
iteration
iteration
iteration

1:
2:
3:
4:
5:
6:

maximum
maximum
maximum
maximum
maximum
maximum

difference
difference
difference
difference
difference
difference

Robust regression

in
in
in
in
in
in

weights
weights
weights
weights
weights
weights

=
=
=
=
=
=

.81012026
.11136178
.03164118
.29077238
.02209647
.00699063
Number of obs =
F( 28, 1781) =
Prob > F
=

1810
119.98
0.0000

-----------------------------------------------------------------------------adv |
Coef.
Std. Err.
t
P>|t|
[95% Conf. Interval]
-------------+---------------------------------------------------------------bama |
.2222747
.0167062
13.30
0.000
.1895088
.2550405
pmpubaa1 |
1.503487
.2850071
5.28
0.000
.9445038
2.062471
pmpubaa2 |
1.015681
.4586994
2.21
0.027
.1160354
1.915327
pmpubaa3 |
.0958786
.5038123
0.19
0.849
-.8922469
1.084004
pmpubaa4 | -.3037453
.5819037
-0.52
0.602
-1.445031
.8375407
pmpubba1 |
1.36502
.3525583
3.87
0.000
.6735487
2.056492
pmpubba2 | -.6793982
.5124189
-1.33
0.185
-1.684404
.3256073
pmpubba3 | -3.262922
.5350839
-6.10
0.000
-4.312381
-2.213464
lpcpubrd1 |
.6579587
.4340407
1.52
0.130
-.1933239
1.509241
lpcpubrd2 |
.3062294
.428867
0.71
0.475
-.5349062
1.147365
lstfund1 |
.4957418
.295008
1.68
0.093
-.0828565
1.07434
lstfund2 |
.8237738
.3777021
2.18
0.029
.0829878
1.56456
pmpriaa1 |
2.041372
.3098968
6.59
0.000
1.433573
2.649172
pmpriaa2 |
1.761234
.6732241
2.62
0.009
.4408418
3.081626
pmpriba1 |
.47085
.2488291
1.89
0.059
-.0171778
.9588778
pmpriba2 | -.5584899
.3210588
-1.74
0.082
-1.188181
.0712016
pmpriba3 | -1.037884
.6826209
-1.52
0.129
-2.376706
.3009384
lpcprird1 |
.3615759
.3929923
0.92
0.358
-.4091987
1.13235
lpcprird2 |
2.531252
.656316
3.86
0.000
1.244021
3.818482
uncap | -.2207679
.0684928
-3.22
0.001
-.3551026
-.0864332
lpopden |
1.243172
.1103055
11.27
0.000
1.02683
1.459513
a | -.0881567
.029863
-2.95
0.003
-.146727
-.0295864
b |
.0062061
.0077625
0.80
0.424
-.0090185
.0214308
h |
.0268947
.0077984
3.45
0.001
.0115997
.0421896
cenregne |
.0458268
.3100133
0.15
0.882
-.5622014
.653855
cenregs |
1.335299
.2374835
5.62
0.000
.869523
1.801074
cenregw |
2.862937
.3422123
8.37
0.000
2.191757
3.534117
hhy |
.0367971
.0126223
2.92
0.004
.0120411
.0615531
_cons | -.8895926
.7126357
-1.25
0.212
-2.287283
.5080976
------------------------------------------------------------------------------

Figure A-42.

Results of regression model M-3R

Note: These correlation coefficients were calculated in STATA, using the following command: rreg adv bama
pmpubaa1 pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2
pmpriaa1 pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 uncap lpopden a b h cenregne cenregs cenregw
hhy
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients.
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Source |
SS
df
MS
-------------+-----------------------------Model | 1357.47255
12 113.122713
Residual |
1836.8058
105 17.4933886
-------------+-----------------------------Total | 3194.27835
117 27.3015244

Number of obs
F( 12,
105)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

118
6.47
0.0000
0.4250
0.3593
4.1825

-----------------------------------------------------------------------------advmsa |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.1883835
.0346867
5.43
0.000
.4335195
pmpubaa1 |
.5929258
1.618725
0.37
0.715
.0569476
pmpubaa2 |
1.830047
4.679476
0.39
0.697
.0322424
pmpubaa3 | -.0985534
4.540721
-0.02
0.983
-.0017363
pmpubaa4 | -2.019928
4.684747
-0.43
0.667
-.0355878
pmpubba1 |
-.00591
1.555089
-0.00
0.997
-.0005308
pmpubba2 | -3.586669
2.951311
-1.22
0.227
-.1085109
pmpubba3 | -6.623233
2.700477
-2.45
0.016
-.2564288
lpcpubrd1 |
1.208787
1.71877
0.70
0.483
.0751282
lpcpubrd2 |
3.471446
1.611765
2.15
0.034
.2551987
lstfund1 |
2.57035
2.113976
1.22
0.227
.1493167
lstfund2 |
1.656492
1.809834
0.92
0.362
.1591664
_cons |
1.737612
1.102038
1.58
0.118
.
------------------------------------------------------------------------------

Figure A-43.

Results of regression model S-1

Note: These correlation coefficients were calculated in STATA, using the following command: reg advmsa bama
pmpubaa1 pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1
lstfund2, beta
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients.
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Variable |
VIF
1/VIF
-------------+---------------------lstfund2 |
5.52
0.181092
pmpubaa1 |
4.41
0.226571
pmpubba1 |
3.56
0.280784
lstfund1 |
2.75
0.363136
lpcpubrd2 |
2.56
0.390087
lpcpubrd1 |
2.08
0.479909
pmpubba3 |
2.00
0.500987
pmpubba2 |
1.46
0.686921
pmpubaa4 |
1.24
0.803892
pmpubaa2 |
1.24
0.805704
pmpubaa3 |
1.17
0.855698
bama |
1.16
0.859493
-------------+---------------------Mean VIF |
2.43

Figure A-44.

Results of the vif test on regression model S-1

Note: These results were calculated in STATA using the following command: vif (after model S-1 is run).
All of the VIF values are well below 10, and all but one are below 5, so there a small amount of evidence of possible
multicollinearity in model S-1.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of advmsa
chi2(1)
Prob > chi2

Figure A-45.

=
=

3.32
0.0686

Results of the hettest on regression model S-1

Note: These results were calculated in STATA, using the following command: hettest (after model S-1 is run).
The probability is above 0.05, so there is no evidence of heteroskedasticity in model S-1.
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Source |
SS
df
MS
-------------+-----------------------------Model | 2766.40285
34 81.3647896
Residual | 427.875506
83 5.15512657
-------------+-----------------------------Total | 3194.27835
117 27.3015244

Number of obs
F( 34,
83)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=
=

118
15.78
0.0000
0.8660
0.8112
2.2705

-----------------------------------------------------------------------------advmsa |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.2489918
.0493626
5.04
0.000
.572995
pmpubaa1 |
.4356093
1.1391
0.38
0.703
.0418381
pmpubaa2 |
.3246551
2.754055
0.12
0.906
.0057199
pmpubaa3 | -.2072537
2.811465
-0.07
0.941
-.0036515
pmpubaa4 | -2.820481
2.747272
-1.03
0.308
-.0496923
pmpubba1 | -.3172262
1.012462
-0.31
0.755
-.0284891
pmpubba2 | -.3722394
1.845969
-0.20
0.841
-.0112617
pmpubba3 | -2.305078
1.882909
-1.22
0.224
-.0892447
lpcpubrd1 | -.2018312
.9798816
-0.21
0.837
-.0125442
lpcpubrd2 |
.7111822
1.007882
0.71
0.482
.0522816
lstfund1 |
1.238507
1.404636
0.88
0.380
.0719473
lstfund2 |
1.33712
1.424217
0.94
0.351
.1284791
pmpriaa1 |
.5729079
.8965232
0.64
0.525
.0462551
pmpriaa2 | -2.447859
2.01973
-1.21
0.229
-.0740574
pmpriba1 |
.8666427
.7304159
1.19
0.239
.0812377
pmpriba2 |
.8240948
1.178065
0.70
0.486
.0441125
pmpriba3 |
2.129632
3.544307
0.60
0.550
.0375206
lpcprird1 | -.2727129
.8391415
-0.32
0.746
-.0196656
lpcprird2 |
.9064497
1.458401
0.62
0.536
.0437983
uncap |
.2704122
.6211247
0.44
0.664
.0615061
lpopden |
1.01871
.4163553
2.45
0.017
.2911025
a | -.0860983
.0874991
-0.98
0.328
-.0743723
b | -.0341703
.0316091
-1.08
0.283
-.0878775
h | -.0116601
.0436212
-0.27
0.790
-.0243486
hhy |
.0023772
.0400514
0.06
0.953
.0071834
nyc | -4.826174
1.46378
-3.30
0.001
-.3547898
la |
6.30334
2.591317
2.43
0.017
.1563822
chi |
-1.555
1.32011
-1.18
0.242
-.0935771
phi |
3.077912
1.627063
1.89
0.062
.1719955
dfw | -1.043846
1.176239
-0.89
0.377
-.0558754
mia |
7.849896
1.987385
3.95
0.000
.2374904
dc | -3.614476
1.749517
-2.07
0.042
-.249778
atl |
3.815959
1.383953
2.76
0.007
.2952201
det |
2.715068
2.299354
1.18
0.241
.1146405
_cons | -6.352104
4.705036
-1.35
0.181
.
------------------------------------------------------------------------------

Figure A-46.

Results of regression model S-2

Note: These correlation coefficients were calculated in STATA, using the following command: reg advmsa bama
pmpubaa1 pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 lstfund1 lstfund2
pmpriaa1 pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 uncap lpopden a b h hhy nyc la chi phi dfw mia
dc atl det, beta
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients.
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Variable |
VIF
1/VIF
-------------+---------------------uncap |
12.37
0.080858
lstfund2 |
11.60
0.086177
hhy |
9.08
0.110178
dc |
9.06
0.110411
lpopden |
8.77
0.114011
bama |
8.00
0.125066
pmpubaa1 |
7.42
0.134832
nyc |
7.17
0.139373
atl |
7.10
0.140780
det |
5.84
0.171214
h |
5.14
0.194503
pmpubba1 |
5.12
0.195205
phi |
5.12
0.195225
lstfund1 |
4.13
0.242385
b |
4.09
0.244223
chi |
3.91
0.255722
a |
3.54
0.282505
lpcpubrd2 |
3.40
0.293976
pmpubba3 |
3.29
0.303679
pmpriaa1 |
3.25
0.308030
lpcprird2 |
3.08
0.325001
pmpriba1 |
2.90
0.344263
la |
2.56
0.390474
pmpriba2 |
2.46
0.405844
dfw |
2.46
0.407105
pmpriba3 |
2.42
0.413878
pmpriaa2 |
2.31
0.432231
lpcpubrd1 |
2.30
0.435124
lpcprird1 |
2.27
0.440753
mia |
2.24
0.446415
pmpubba2 |
1.93
0.517432
pmpubaa3 |
1.52
0.657764
pmpubaa2 |
1.46
0.685473
pmpubaa4 |
1.45
0.688862
-------------+---------------------Mean VIF |
4.67

Figure A-47.

Results of the vif test on regression model S-2

Note: These results were calculated in STATA using the following command: vif (after model S-2 is run).
Two of the VIF values are over 10, suggesting that there is multicollinearity in model S-2.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of advmsa
chi2(1)
Prob > chi2

Figure A-48.

=
=

0.62
0.4300

Results of the hettest on regression model S-3

Note: These results were calculated in STATA, using the following command: hettest (after model S-2 is run).
The probability is above 0.05, so there is no evidence of heteroskedasticity in model S-2.
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-------------+-----------------------------Model | 2760.32378
31 89.0427026
Residual | 433.954573
86 5.04598341
-------------+-----------------------------Total | 3194.27835
117 27.3015244

F( 31,
86)
Prob > F
R-squared
Adj R-squared
Root MSE

=
=
=
=
=

17.65
0.0000
0.8641
0.8152
2.2463

-----------------------------------------------------------------------------advmsa |
Coef.
Std. Err.
t
P>|t|
Beta
-------------+---------------------------------------------------------------bama |
.245409
.047887
5.12
0.000
.5647501
pmpubaa1 |
1.386585
.6167479
2.25
0.027
.1331746
pmpubaa2 |
1.757359
2.337571
0.75
0.454
.0309618
pmpubaa3 |
.9962324
2.486133
0.40
0.690
.017552
pmpubaa4 | -1.574824
2.391647
-0.66
0.512
-.0277458
pmpubba1 |
.0874926
.9149259
0.10
0.924
.0078574
pmpubba2 |
.6202907
1.539081
0.40
0.688
.0187662
pmpubba3 | -1.165087
1.447888
-0.80
0.423
-.0451082
lpcpubrd1 | -.2768068
.951731
-0.29
0.772
-.017204
lpcpubrd2 |
.5316328
.9816426
0.54
0.590
.0390823
pmpriaa1 |
.3627759
.8649994
0.42
0.676
.0292896
pmpriaa2 | -2.685905
1.985526
-1.35
0.180
-.0812593
pmpriba1 |
1.077148
.683337
1.58
0.119
.1009702
pmpriba2 |
.9017766
1.160116
0.78
0.439
.0482707
pmpriba3 |
2.178849
3.504599
0.62
0.536
.0383878
lpcprird1 | -.3862714
.817501
-0.47
0.638
-.0278544
lpcprird2 |
1.029936
1.436558
0.72
0.475
.049765
lpopden |
1.043875
.4068505
2.57
0.012
.2982938
a | -.0852398
.0860328
-0.99
0.325
-.0736307
b | -.0258085
.0246875
-1.05
0.299
-.0663731
h | -.0113205
.0431006
-0.26
0.793
-.0236394
hhy | -.0016786
.0362471
-0.05
0.963
-.0050725
nyc | -4.929378
1.434118
-3.44
0.001
-.3623767
la |
4.835038
2.106093
2.30
0.024
.1199545
chi | -1.662365
1.300001
-1.28
0.204
-.1000381
phi |
3.07125
1.588555
1.93
0.056
.1716232
dfw | -1.069426
1.159061
-0.92
0.359
-.0572447
mia |
7.879835
1.674326
4.71
0.000
.2383962
dc |
-4.11649
1.433344
-2.87
0.005
-.2844696
atl |
3.630389
1.305593
2.78
0.007
.2808635
det |
3.327359
1.712473
1.94
0.055
.1404937
_cons | -4.870465
2.391641
-2.04
0.045
.
------------------------------------------------------------------------------

Figure A-49.

Results of regression model S-3

Note: These correlation coefficients were calculated in STATA, using the following command: reg advmsa bama
pmpubaa1 pmpubaa2 pmpubaa3 pmpubaa4 pmpubba1 pmpubba2 pmpubba3 lpcpubrd1 lpcpubrd2 pmpriaa1
pmpriaa2 pmpriba1 pmpriba2 pmpriba3 lpcprird1 lpcprird2 lpopden a b h hhy nyc la chi phi dfw mia dc atl det, beta
The variables with significant effects (at the 0.05 level) on the dependent variable have borders around their
coefficients.
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Variable |
VIF
1/VIF
-------------+---------------------lpopden |
8.56
0.116873
bama |
7.69
0.130079
hhy |
7.59
0.131671
nyc |
7.04
0.142124
atl |
6.46
0.154836
dc |
6.21
0.161010
h |
5.13
0.195012
phi |
4.99
0.200469
pmpubba1 |
4.27
0.233982
chi |
3.87
0.258112
a |
3.50
0.286030
det |
3.31
0.302142
lpcpubrd2 |
3.30
0.303340
pmpriaa1 |
3.09
0.323885
lpcprird2 |
3.05
0.327868
pmpriba1 |
2.60
0.385006
b |
2.55
0.391889
pmpriba2 |
2.44
0.409639
dfw |
2.44
0.410385
pmpriba3 |
2.41
0.414348
pmpriaa2 |
2.28
0.437782
pmpubaa1 |
2.22
0.450202
lpcpubrd1 |
2.21
0.451480
lpcprird1 |
2.20
0.454564
pmpubba3 |
1.99
0.502700
la |
1.73
0.578608
mia |
1.62
0.615643
pmpubba2 |
1.37
0.728594
pmpubaa3 |
1.21
0.823367
pmpubaa4 |
1.12
0.889709
pmpubaa2 |
1.07
0.931349
-------------+---------------------Mean VIF |
3.53

Figure A-50.

Results of the vif test on regression model S-3

Note: These results were calculated in STATA using the following command: vif (after model S-3 is run).
All of the VIF values are well below 10, and all but seven are below 5. In addition, the mean VIF is under 5, so there
little evidence of possible multicollinearity in model S-3.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of advmsa
chi2(1)
Prob > chi2

Figure A-51.

=
=

0.51
0.4754

Results of the hettest on regression model S-3

Note: These results were calculated in STATA, using the following command: hettest (after model S-3 is run).
The probability is above 0.05, so there is no evidence of heteroskedasticity in model S-3.
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