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This paper examines the impact of state-level educational investments in
public education on aggregate state labor markets, specifically earnings
and employment. Using data on K-12 educational spending, 8th grade
cognitive test scores, and educational demographics of a state’s labor force,
I observe whether these state-level investments are set so that the lifetime
benefits of these investments are greater than the cost. Taking interstate
migration into account, I separate the benefits from educational investment
into benefits due to own-state investment and benefits due to other-state
investment. By doing so I am able to identify whether or not educational
investment spillovers exist between states. The preliminary results indicate
that the earnings benefits associated with test scores and K-12 educational
spending spill over into other states. Results also show that 8th grade
NAEP test scores do not spillover onto other state’s earnings.
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Introduction

Historically, K-12 educational spending was largely funded by local governments.1 However, in the
1970’s state government contributions for education started to meet and some years even surpass
contributions of local governments for educational spending. In fact, in 2014, state governments
funded approximately 46% of total educational spending, while local governments funded approximately 45%.2 At the same time, state-level earnings have also increased overtime. States having
more control over policies affecting education naturally offer motivation to examine educational
investments and their effects at the state level.
In Figure 1 below, the trend in K-12 educational spending per pupil in 2015 dollars shows it is
obvious that educational spending has increased overtime since 1990. Although spending has persistently increased, spending across states varies dramatically. In 2014, current educational spending
per pupil in the U.S. averaged $11,009, but that averaged covered a wide variation across states,
ranging from $6,500 in Utah to $20,610 in New York.3
Figure 1: Real Educational Spending

Part of this variation in spending across states is obviously due to differences in costs of living
as well as how state economies responded to the recession–many states are still spending less on
1 Source:

Federal Education Budget Project (2014).
U.S. Census Bureau, 2014 Annual Survey of School System Finances.
3 Source: U.S. Census Bureau, 2014 Annual Survey of School System Finances.
2 Source:
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education than before the recession.4 The variation in educational spending across states can also
be attributed to political differences. Some states invest more in education and some states invest
less. At the same time, states also choose if and how they target funds to districts with low-income
families who have a lower ability to raise funds through property taxes compared to their wealthier
counterparts. Naturally, these differences across states lead to questions of how returns to education
vary across states. States having more control over policies affecting education offer motivation to
examine educational investments and their effects at the state level.
As educational funding budgets and reform continue to cause controversial debates within the
U.S., determining the presence and impact of educational spending spillovers as well as the potential
benefits of educational spending, in terms of future earnings and employment growth, is an important
task. Although the amount of funds the government allocates to education does not necessarily
measure the quality of that education or determine student performance5 , knowing the relationship
between the amount of funds allocated to education and the resulting labor market outcomes could
be useful when making future policy decisions.
It has been shown that better educated individuals have greater earnings and employment potential (Becker 1964). From 2002 Household Income and Expenditure Survey data, Figure 2 and
Figure 3 below show employment rates and mean wages by educational attainment. It is easy to see
that higher wages and employment result from increased education.
A primary outcome of education for the individual receiving the education is their increased
productivity. Workers with advanced knowledge and skills who are able to work more efficiently
benefit by receiving a higher salary. These skilled workers also tend to cause worker-to-worker
spillovers that result in increases in other employees’ productivity as well.6 In addition, the state in
which these skilled employees live, also benefits by being more attractive for firms to locate in.
While education is provided and primarily funded at the state and local level, extensive migration
makes it likely that states that benefit from the education of their workforce are not the same that
fund this education. Better schools and better education not only lead to a stronger more skilled
labor force, but can also attract skilled laborers from other areas who are looking for a sound
education for their children. Through labor migration, skills and knowledge acquired in one state
4 As of December 2015, The Center on Budget and Policy Priorities reported 25 states were currently funding K-12
education as levels lower than in 2008.
5 Hanushek(1981)
6 Gruber(2011), Mashall(1890), Lucas(1988), and Moretti(2004) all contribute to these findings.
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Figure 2: Employment Rates by Educational Attainment

cross state borders and are used in another state. When this occurs, an educational investment
spillover has taken place. The first state bears the cost of education, while the second state receives
the future benefits.
In this investigation, the benefits associated with educational investments are examined through
aggregate future earnings7 and employment growth. More specifically, this paper evaluates the existence of educational investment spillovers on labor market outcomes across state borders. While
there is an extensive literature examining the relationship between educational attainment for individuals and their labor market outcomes, there is much less evidence on how educational investment
within a state affects future aggregate employment and earnings within that state, presumably a
motivation for state-support of both K-12 and higher education. Examination at the aggregate
state level allows for the inclusion of educational externalities affecting overall productivity (Moretti
(2004)) and offers evidence about whether states appear to be providing education at levels consistent
with maximizing future employment and earnings. My strategy involves disaggregating educational
investments into four different measures weighted by migration, to more accurately measure the
educational investments of each state. Doing this allows the benefits from educational investments
7 In

this paper, earnings refer to earnings per employed persons.
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Figure 3: Mean Wages by Educational Attainment

to be identified as a result from one’s own state investment or from another state. Results suggest
that educational investment spillovers do exist between states. Educational spending increases of
$1,000 in one state imply a 0.45% increase in earnings growth in any other state. Breaking down
the results for each individual state, Alaska and Utah appear to gain the most benefit from other
state’s educational investment, while Florida, New York, Pennsylvania, and Rhode Island appear
to gain the least. Overall, the results also indicate that the total lifetime benefits associated with
educational spending are less than the total cost.
Past research including Berger and Fisher (2013), Fisher and French (2009), and Bauer et al.
(2006) measure the private returns to education and have shown that higher educational attainment
leads to higher median wages. By examining state-level data, Berger and Fisher report that by
investing in education and therefore increasing the number of well-educated workers in a state,
states can increase the strength of their economies. Fisher and French also find that more educated
individuals are more likely to participate and to succeed in the job market. Using state-level data
for 1939-2004, Bauer at al. conclude that the main factors contributing to per capita income growth
are a states high school and college attainment rates as well as its stock of patents. In addition,
Moretti (2004) provides evidence to support the claim that more educated individuals increase the
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wages of less-educated individuals, proposing that educational externalities exist. Moretti concludes
that a one percentage point increase in the supply of college graduates raises college graduates wages
by 0.4%, wages of high school graduates by 1.6%, and wages of high school drop-outs by 1.9%. It is
important to investigate the returns to schooling at a broader, overall state level because the social
returns to education are more than just the sum of the individual returns; because there are external
returns playing a part as well (Moretti 2004).
In contrast to previous studies that use the level of educational attainment to measure the impacts
of educational resources on individuals, I examine the impacts of both educational spending and
educational achievement on state-level earnings and employment growth. In addition to examining
the effects of different educational investments, I develop a simple theoretical model that allows
me to estimate the relationship between state-level investments and future earnings. Determining
the potential effect of educational investments on lifetime benefits can provide important policy
implications as well as provide insights as to what factors impact future earnings and employment.
For example, if educational funding is provided at an insufficient level, human capital is underinvested
and as a result, economic growth and improvements in social welfare would be slower than they
otherwise could be (McMahon 1997).
I estimate this model using a 43-year panel from 1972-2014 using state-level data including measures of education achievement (lagged 8th grade NAEP math test scores) and (lagged) educational
spending to investigate the impact of education on growth of earnings and employment in states.
My empirical approach follows a first differenced dynamic panel data model and the results of this
estimation provide a clearer view of the impact of education provided within a state on that state’s
economic performance as well as the economic performance across state borders. The high degree of
interstate mobility of U.S. residents necessitates a measure to account for those in the state workforce
who did not receive their education there. Using state of birth as a proxy for where K-12 education
was received, I implement a birthplace-weighted matrix that allows educational investments to be
more accurately measured. However, the estimates for earnings and employment that I find may in
fact be under- or overestimating the actual benefits of this state’s level of educational support.
It is important to determine whether the relationship found between education and economic
outcomes is a causal one that can support future policy decisions. For educational investment and
returns to earnings, reverse causality is a possibility – as incomes increase people may be willing to
invest more on their children’s education. To avoid incorrectly identifying the relationship between
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education and economic outcomes, I use a ten-year lag on all education variables. Reverse causality
issues are reduced as the income earned from this investment in education occurs ten years later.
The remainder of this paper is organized as follows. Section II provides a literature review and
discusses the most relevant papers supporting my investigation. Section III presents the model and
its theoretical background. Section IV includes a description of the data and empirical methodology,
while Section V discusses my results. Finally, Section VI addresses caveats, discusses contributions,
offers extensions for future work, and concludes the paper.

2

Literature Review

While there exists a vast literature on the economics of education related to this study, I focus on
two areas of particular relevance: the literatures on educational spillovers and returns to education.

2.1

Evidence of Spillovers from Education

Weisbrod (1964, 1965) examine how local school expenditures benefit other communities through
the migration of educated people and find some evidence that communities with high rates of outmigration have lower school expenditures. Case et al. (1993) further expose channels in which
educational expenditures can affect those across state borders using state-level data spanning 19701985. Although Case et al. mainly focus on expenditure reaction functions, the authors offer
reasoning behind the existence of spillovers. Obviously those who receive education in one state
and then move to another state to work, create one route for investments in education to cross
state borders. In addition, well-educated workers in one state who received education there increase
competition with workers in other states through firm outputs. The authors also suggest that
educational expenditures of one state may have the most effect on labor markets of states with similar
economic or demographic characteristics. This paper proposes that expenditures of neighboring
governments are an important determinant of state and local government expenditures.
Moretti (2004) investigates the social returns to higher education at the city level by comparing
wages of similar individuals living in areas with different shares of college educated workers in the
labor force. OLS estimates show a positive relationship between a citys share of college graduates and
wages, but testing potential biases due to omitted variables is needed. Using data from the National
Longitudinal Survey of Youths (NLSY) for 1979-1994 and the 1980, 1990 Census, Moretti shows that
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omitted individual and city-specific characteristics are not a major source of bias. Moretti concludes
that as the supply of college graduates increases in a city, wages for high school dropouts, high
school graduates, and college graduates increase. This finding indicates that there is a spillover of
benefits occurring between more educated people and others around them. Morettis work advances
past research such as Lucas (1988) and Marshall (1890), which argue that positive externalities from
education may be generated across workers through the sharing of knowledge and skills. In addition,
Romer (1986, 1992) also acknowledge that externalities from education may exist when outputs from
that education become public goods that spill over into the economy.

2.2

Returns to Education

There is an extensive literature that focuses on the returns to education at the individual level using
micro-data. For example, Ashenfelter and Rouse (1998) and Arias and McMahon (2001) are two
studies that offer estimates for the educational returns to the individual. Ashenfelter and Rouse
(1998) use identical twins surveyed between 1991 and 1993 to measure the returns to schooling for
the individual. They find that for the wage rates of twins, each additional year of schooling leads
to an average return of 9% for genetically identical individuals. Using micro-data from 1967-1995,
Arias and McMahon (2001) find slightly higher average dynamic rates of return to total financial
assets for college educated males and females of 11.7%.
While there is an extensive literature examining the relationship between educational attainment for individuals and their private labor market outcomes, there is much less evidence on how
educational spending within a state affects aggregate economic factors. After all, the estimates for
private returns to education may in fact be underestimating the full returns to education if education
exhibits characteristics of a public good or generates positive externalities. For this investigation, I
focus on educational returns based on aggregate state measures.
Curs et. al (2011) investigates funding for higher education and how the level of privatization
in this education system affects U.S. state economic growth. Using state-level data spanning from
1975-2005, the authors employ Arellano-Bond estimation techniques that offer empirical guidance.
To account for the fact that education is an investment over many years, in their model, the authors
use five year averages of past education expenditures to measure the effect of this spending on percapita income growth. They find that states with large public shares of higher education experience
a positive relationship between funding and per-capita income growth. In contrast, states with
8

large shares of private higher education have a negative relationship between funding and economic
growth. Although their work is mainly focused on higher education, the authors also find positive
returns to K-12 education expenditures on per-capita income growth.
Most closely related to this study is Hanushek et al. (2015). This paper, examines how school
quality is related to state income growth using newly-formed measures of human capital that focus on
cognitive skills rather than years of schooling. Due to the high mobility of U.S. residents, migration
rates are incorporated into their human capital measures that allow for more accurate measure of
the effects of educational achievement on incomes. By analyzing a range of feasible educational
quality reforms, they discover significant state-level economic returns.
In addition, Hanushek et al. (2015) describes how policies of one state could have major implications for other states due to outmigration. If only one state chooses to reform education, benefits
to this state may be very low if the educated workers then move to another state and take their
higher quality education with them. However, if all states reform in similar ways, then any educated
worker who leaves the state in which they were educated, would potentially be replaced by another
equally educated worker migrating from another state. The authors suggest that economic outcomes
vary dramatically by state depending on that particular states rate of outmigration. In essence, the
states with high rates of outmigration would suffer the most and could subsequently lose the desire
to invest more in education if they are not receiving much benefit. Because of this finding, it is
much more beneficial for all states to reform education policies instead of just a few. Many states
pushing for reform could motivate federal policy in the future.
While there is a vast literature examining the relationship between educational attainment for
individuals and their labor market outcomes, there is much less evidence on how educational investments within a state affect future aggregate employment and earnings within that state as well as
outside of that state, presumably due to the existence of educational investment spillovers.
My research differs from previous studies in various ways. First, my data spans from 1972 to 2014,
which is a longer timeframe and is more recent than other studies. Second, my data is aggregated
to the state level for different reasons. Spillovers from investments in education are shown to exist
and by using state-level data, I am able to account for school district spillovers as a whole. I am also
able to capture and quantify the effect of spillovers across state lines. My research also differs from
past studies in that not only am I examining the impact of educational investment on earnings and
employment growth, but I am also using a balanced-budget framework which allows me to compare
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the total cost of education to the investments devoted to education and the resulting future lifetime
earnings benefits.
As Hanushek et al. (2015) points out, much of the previous education literature does not provide
a practical way of calculating the benefits from education and in fact can distort both calculations of
cost and benefits. Following the authors’ procedure, I implement a similar birthplace matrix to more
accurately measure state education spending and student achievement. Through my investigation,
I offer a more viable way to calculate these economic benefits by incorporating birthplace rates as
well as present value discounting methods. By taking interstate migration into account, I separate
and identify the educational investment benefits due to own-state investment and benefits due to
other-state investment.

3

Structure and Model

To study the implications of education, analyzing its effect on earnings and employment through a
theoretical model is necessary. To determine the relationship between education and labor market
outcomes, I follow Harden and Hoyt (2003) examination of how balanced-budget changes in the tax
structure affect labor markets allowing for firm and labor mobility.
Here I model the government’s problem of maximizing future social welfare (total income), of
its constituents by choosing current education and taxes. Consider a simple two-period model in
which education in a state is chosen to maximize the net incomes of the current generation (t=0)
and the discounted income of their children. Let there be two states, A and B. Then assume that
the wages of the future generation (t=1) depend on the education they receive and the education
received by co-workers in the other state. Children in period 0 may be employed in state A or B as
adults. Then, the problem in state A at time 0 is:

max −E0A
E0A


+β

w1AA



E0A , E0B

LBA
× 1AA
L1




+β

w1BA



LAA
1
B
A
E0 , E0 × BA
L1

(1)

where Eti is the level of educational expenditures per pupil in state i in year t, Lij
t is the number
of workers educated in state i working in state j at time t, and wtij is the wage of workers educated
in state i working in state j at time t.8
8 Additional

information of the model setup can be found in Appendix A.
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The first order condition is then:

−1 + β

δw1BA
LAA
δw1AA
1
+
× BA
A
A
δE0
δE0
L1


=0

(2)

And upon expanding the above equation to include those who were educated in state 2, the
socially optimal investment in education satisfies the condition:

−1 + β

δw1AA
δw1BA
LAA
δw1BB
δw1AB
LBB
1
1
+
×
+
+
×
δE0A
δE0A
LBA
δE0B
δE0B
LAB
1
1


(3)

where it is obvious that the residents in state A ignore any impact that education of their children
have on the wages earned by those working in either state A or B who, as children, received their
education in state B. This relationship can be seen through the fact that terms (a) and (b) of the
above equation are independent of terms (c) and (d).
Finally, the impact of education in a state on labor earnings, β, is estimated by:
δw1AA
δw1BA
LAA
1
+
× BA
A
A
δE0
δE0
L1

(4)

where only earnings of those working in the state matter. Now, the equation for the relationship
between wages, birthplace, and education has been derived. Below, I illustrate this theoretical model
and explain how I will use this model in conjunction with my empirical model to estimate the returns
to education in a state.
Using this framework, I employ empirical tests to determine whether these state-level investments
are set so that the lifetime benefits of these investments are greater than the cost. Using Brueckner
(1982) as a guide, if the effect from education on earnings and employment is positive, the government
could be underproviding education. In figure ??, I illustrate the relationship between educational
spending and earnings, assuming diminishing returns to education. Also illustrated is when a positive
coefficient is estimated, we think of the level of education provided by the government as being in
the positively sloped area of the quadratic function. Adapting the work of Brueckner, being in this
area would indicate that the level of education is below the maximizing level of education because
this coefficient represents the partial derivative, or slope, of this relationship. Using the same logic,
if the effect is a negative value, the government could be overproviding education. Lastly, if the
coefficient is approximately zero, the government may be choosing a level of education in which
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benefits are equal to the cost. The first wage function, which is downward sloping, represents how
wages decrease to offset an increase in taxes or how employment would decrease with an increase in
taxes, as education is held constant. The next wage functions which are upward sloping show how
education has diminishing marginal returns. The lower upward sloping curve represents how the
wages of state A respond to the education of state A. The upper upward sloping curve illustrates
state A’s earnings or employment levels of the current labor force who were education in state A and
educated in state B. Then, at the point where the quadratic function is maximized, the slopes of the
two wage functions are opposite in sign, but equal in magnitude, as shown by Figure ?? below. The
summation of these two slopes equal zero, as formulated by the theoretical modeling of equation (3).
Figure 4: Educational Returns

4

Data

To examine the effects of education on these aggregate factors, I employ a 43-year panel from 19722014 of state-level data for the 50 U.S. states.9 This panel includes publicly available data from
various sources measuring incomes, expenditures, and K-12 education characteristics. From the U.S.
Bureau of Economic Analysis (BEA), I obtain my two primary variables of interest, annual earnings
9 The

District of Columbia is omitted due to missing data.
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by place of work10 and the annual employment level, as well as total annual state population.11
Following Curs et al. (2011), I also collect other types of state and local government expenditures
and industry shares of annual state GDP from the BEA. From the U.S. Census Bureau, I collect labor
force demographics (gender, race, educational attainment). Public K-12 education data are obtained
from the National Center for Education Statistics (NCES) and the Annual Digest of Education
Statistics and include state and local current expenditures per pupil and total enrollment levels
recorded at an annual frequency under the spring of the academic year.12 Total current expenditures
per pupil collected at the state level include all funds originating from the federal, state, and local
governments. To accurately capture state-to-state spillovers in this analysis, I use only the state
and local expenditures per student.13 I collect total higher educational funding and enrollment
levels for public institutions from the Annual Digest of Education Statistics and use this total to
calculate higher public education spending per student.14 I also calculate the college enrollment
rate by dividing the enrollment level by the state population. All data are adjusted for inflation and
expressed in 2015 dollars. Summary statistics of data values are shown below in Table 1.
Because of the high mobility of U.S residents among states, migration rates must be accounted
for when measuring educational investments. For example, the workforce in the state of Kentucky
is not only made up of individuals educated there, but also those educated in any other state who
then migrated to Kentucky. For this reason, I use place of birth as a proxy to most accurately
measure where a state resident received their elementary and secondary education.15 Following the
Hanushek et al. (2015) weighted average migration matrix, I use a weighted average birthplace
matrix to measure the appropriate amount of education invested in each state’s current workforce.
Using 1970 Census IPUMS, this state-by-state migration matrix contains birthplace totals for 1%
of the 1970 population for each state. I then calculate the percentage born in each state and in
every other state for those not born in their current state of residence. Doing this for the entire
U.S. gives me a 50x50 matrix that I then use to more accurately weight the educational investment
and educational achievement of each state. Figure ?? below depicts the percentage of the 1970
population who were born in their current state of residence. A full list of state percentages in 1970
10 Earnings

are the sum of wages and salaries, supplements to wages and salaries, and proprietors’ income.
then calculate growth rates for earnings and employment using: (Yt − Yt−1 /Yt−1 )
12 For example, academic year 1980-1981 is recorded under the year 1981.
13 Federal revenues are subtracted from the total current expenditures per pupil, so expenditures per pupil are only
from state and local sources. Federal revenues are also collected from the NCES and Annual Digest of Education
Statistics.
14 Total higher education funding includes funding from Federal, State, and Local governments.
15 Follows Card and Krueger (1992). In the United States, 86% of children aged 0-14 live in their state of birth.
11 I
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Table 1: Summary Statistics
Variable

Mean

Earnings Growth
Employment Growth
Non-weighted Educ Spending L10
K-12 Enrollment Rate L10
College Enrollment Rate L10
College Exp. L10
% of population born in current state of residence
Tax per capita L2
Non-weighted NAEP test score L10
State Own revenue as a percentage of GSP Lag10
Other government expenditure as a % of GSP Lag10
Agriculture as a % of GSP (contemporaneous)
Manufacturing as a % of GSP (contemporaneous)
% of Adults (25+ years) with a highschool diploma
% of Adults (25+ years) with some college (1-3 years)
% of Adults (25+ years) with college (4+ years)

0.01
0.01
3.68
0.18
0.05
12.53
0.72
1.63
270.00
0.12
0.12
0.02
0.15
0.32
0.22
0.32

Std. Dev.
0.02
0.02
2.25
0.03
0.01
3.34
0.13
0.89
12.00
0.03
0.03
0.02
0.07
0.04
0.07
0.05

Min
−0.14
−0.06
0.43
0.13
0.03
3.45
0.38
0.29
219.00
0.00
0.00
0.00
0.02
0.20
0.08
0.08

Max
0.14
0.10
12.67
0.27
0.08
26.12
0.88
12.70
291.00
0.47
0.57
0.15
0.34
0.43
0.37
0.36

Note: N=1,650. Statistics are for 50 states from 1982-2014 and are in 2015 dollars. Earnings, Education
Exp, College Exp, and Taxes are measured in per capita/per pupil terms. Earnings are measured in dollars.
Education Exp, College Exp, and Taxes are measured in 1000s of dollars. Educational attainment values
are measured as highest attainment achieved.

as well as in 2010 can be found in the Appendix.
Figure 5: Educational Returns

Using this birthplace rate matrix in different weighting calculations gives me with four different
measures of educational investment to be used in estimation. These different measurements are
weighted for interstate migration in the following ways: unweighted for migration, weighted-average
based on migration, own-state weighted by only those who were educated and now work in the same
state, and other-state weighted by migration of those who were educated in a state other than where
they now work. Shown below are the calculations for these educational investment measures where
fji is the fraction of the population who were born in state j and now live and work in state i and
14

Ej is the educational investment of state j.
Weighted Average Education (AE):

AEi = Σ50
j=1 fji Ej

(5)

OEi = fi Ei

(6)

Own-State Education (OE):

Other-State Education (RE):
REi =

Σ49
i=1 fi Ei
(1 − fj6=i )

(7)

By applying the four different variations of educational investments in estimation, I am able to identify the separate labor market benefits due to own-state educational investment and the investments
of other states.

4.1

Trends in Data

To evaluate the impacts of educational investment on future earnings, it is important to note the
trends in educational spending as well as earnings. Figure ?? below illustrates the relationship
between the log of earnings and different lags of educational spending for years of data. Across all
lag options the relationship between earnings and education expenditures appears to be positive.
Figure 6: Earnings and Lagged Education Expenditures

To give some perspective of the differences in K-12 educational spending and earnings across
states, Figure ?? and Figure ?? below map earnings and spending patterns across states. All values
are shown in 2015 dollars. Earnings for years 1969 and 2014 are shown below in Figure ??. Although
15

many states’ earnings level change, some states are consistently at the higher end of the earnings
spectrum, such as California and New York, while other states are consistently at the lower end,
such as Mississippi and Alabama.
Figure 7: Earnings (of labor force)

Educational spending per pupil in years 1970, 1985, 2000, and 2013 are shown in Figure ?? below.
The maps show areas with consistently high educational spending in states such as Wyoming and
multiple Northeastern states. The maps also show areas of consistently low educational spending
in states such as Utah, Arkansas, Mississippi, and Tennessee. It is important to notice that just
because a state has lower earnings than another state, does not mean that the state spends less on
educational expenditures, and vice versa.
Figure 8: Educational Spending Per Pupil
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5

Empirical Methodology

Rather than simply focus on quantifying the impact of education on earnings, I determine if, in
fact, the level of educational investment chosen in a state is set so that the lifetime benefits of these
investments are greater than the cost. I also evaluate whether educational investments extend passed
state borders. To test these hypotheses, a dynamic panel data model is formulated as:

Yit = θYit−1 + αEit−10 + ηEKit−10 + βXit + γi + µt + υit

(8)

where Yit is earnings growth, Yit−1 is earnings growth lagged one year, Eit−10 is a variety of educational investments lagged ten years, EKit−10 is an interaction term for educational spending and
K-12 enrollment rates lagged ten years, Xit is a vector containing other state-level variables and
controls such as other types of government expenditures and industry shares of annual state GDP,
γi are state fixed effects, and µt are year fixed effects.16 The educational investments used in the
model above include cognitive measures of student achievement through 8th grade NAEP math test
scores and the level of educational spending per pupil.
When estimating this baseline model, I instrument using Arellano Bond techniques as done by
Curs et al. (2011):

∆(Yit ) = θ∆(Yit−1 ) + α∆Eit−10 + η∆EKit−10 + β∆Xit + ∆µt + ∆υit

(9)

I estimate this model with two-step system GMM. and by following this procedure, I obtain
efficient estimates (Arellano and Bond (1991)). By implementing a dynamic panel data model in
first differences, I mitigate issues of unobserved heterogeneity and autocorrelation while avoiding
inconsistent estimates due to estimating a model with both a lagged dependent variable and fixed
effects (Baum 2006). The use of the ten-year lag on educational investment was selected based on
both theory and through inspection of the Bayesian information criterion (BIC) for multiple lag
options. Theory suggests that because investments, such as those in education, can take many years
to impact economic factors and because current educational investments might only affect those who
are currently in school, values of educational investment should be lagged a significant number of
16 The covariates were chosen because they are potential factors that affect the productivity of labor in addition to
the level of education. Variables focusing on the determination of education spending were left out.
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years in this model.17 When examining multiple year lag options, the ten-year lag on educational
investment minimized the value of the BIC compared to other lags between one year and fifteen
years.18 For this earnings regression, the difference in values of the BIC with the ten-year lag versus
other year lags shows some evidence to use the ten-year lag for educational investment. However,
theory and data concerns mostly drive the use of a ten-year lag for this investigation.
The baseline empirical model of Equation (5) is modified to capture the educational investment
effects on state employment as:

Mit = θMit−1 + αEit−10 + ηEKit−10 + βXit + γi + µt + υit

(10)

where Mit is total employment growth, Mit−1 is total employment growth lagged one year, and
all other variables are defined as above in Equation (5). When empirically solving this model, all
variables are first differenced as shown by Equation (8) below. Again, for the choice of the value of
the lagged educational investment, theory and comparison of the BIC values for multiple lag options
shows the ten-year lag minimizes the BIC.

∆(Mit ) = θ∆(Mit−1 ) + α∆Eit−10 + η∆EKit−10 + β∆Xit + ∆µt + ∆υit

6

(11)

Results

Results from my preferred specification are reported in Table 2. The four different weighted measures
of educational spending are included in this table and show similar relationships to earnings growth.
Educational expenditures, unweighted, average-weighted, own-weighted, and other-weighted, lagged
ten years are negative and statistically significant at the 1% level. This implies that as educational
expenditures in a state increased, the additional funds caused a decrease in earnings growth ten years
in the future. This appears to be the case regardless of whether or not this educational spending
occurred in the same state of birth and state of current residence. The coefficient on other-weighted
educational spending is -0.016 whereas the coefficient on own-weighted educational spending is only
-0.015.
17 In the Curs et al. (2011) income growth regression, the average of the previous five years of higher education
expenditures is used to account for this investment over many years.
18 Schwarz(1978) introduced the BIC to be used with descriptive models in comparison to the Akaike information
criterion (AIC) which is used for predictive models.
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In addition, the interaction term of educational spending and the K-12 enrollment rate is positive and statistically significant at the 1% level. This interaction term allows the effect of K-12
educational expenditure on earnings growth to vary based on K-12 enrollment rates. The positive
coefficient indicates that as K-12 enrollment increases within a state the relationship between educational spending and earnings growth increases. For example, the coefficient on the interaction of
K-12 enrollment rate and other-weighted educational spending is 0.108. This value indicates that as
K-12 enrollment rates increase, educational spending increases of $1,000 imply a 10.8% increase in
earnings growth ten years in the future. This impact is driven entirely by the K-12 enrollment rate.
From these results, I evaluate the impact of educational spending using the coefficients associated
with education and evaluating at the mean. The values of the total differential evaluated at the
mean are reported at the bottom of Table 2.
To calculate the present value of benefits for each specification and state, the total differential at
the mean is then multiplied by the mean of earnings.19 To determine the benefits of this educational
spending in terms of future lifetime earnings, this value is then discounted for 40 years. Proper
discounting is done using a 3% discount rate, as is standard.20
This final value gives the appropriately discounted present value of the benefits from educational
spending. The discounted future earnings benefits of the weighted-average educational spending per
additional $1,000 is $1,037. The future earnings benefits associated with other-weighted educational
spending per additional $1,000 is $5,270.
Next, I determine if educational spending is set so that the future lifetime earnings benefits are
greater than the cost. Applying a $1,000 increase per pupil per year for grades K-12 assumes that
the total amount spent on education is $12,000 per pupil. Then, due to using a ten-year lag on the
education variables, this $12,000 needs to be properly discounted for those 10 years. Again using a
3% discount rate, this $12,000 becomes $16,130 as the total education cost. Finally, to calculate the
net benefit of education, this cost value is subtracted from the benefits previously found.
Figure ?? and Figure ?? show these results broken down by state. Figure ?? illustrates the
net benefit for own-weighted educational spending. Although the net benefit values vary, all states
have a negative net benefit. These negative net benefits indicate that the benefits from educational
spending are smaller than the cost and that educational spending may be set at a level that is too
19 Equations
20 Hanushek

used are shown in the Appendix
et al.(2015)
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high. Alaska and Utah gain the most benefit from educational spending in their state while Florida,
New York, Pennsylvania, and Rhode Island gain the least.
Figure 9: Educational Spending Per Pupil

Figure ?? shows the net benefit from other-weighted educational spending. Again, every state
has a negative net benefit, however the magnitudes are very different. Alaska and Utah are again
lowest in magnitude while Florida, Pennsylvania, and Rhode Island have the highest. Although
these net benefits are negative, the magnitudes indicate that states are receiving a benefit from
other states. If the states were not receiving any benefit from other states, all net benefits here
would be negative and at least equal in magnitude to the total cost of education, $16,130. Having
the lowest magnitudes of -$2019 and -$2324, respectively, Utah and Alaska appear to be receiving
large benefits from other states, showing that educational spending spillovers do exist.
From Table 2, we also observe that the coefficients for K-12 enrollment are negative and statistically significant at the 1% level, whereas the college enrollment coefficients are positive but
statistically insignificant for all specifications. College expenditure per pupil is also negative and
statistically significant at the 1% level. The percent of the population born in their current state
of residence also has a positive and statistically significant effect on earnings growth at the 10%
level for most specifications. Table 3 displays regression results for earnings growth and NAEP test
scores. For the unweighted, average-weighted, and own-weighted NAEP test scores, the effect on
earnings growth is negative and statistically significant, although the coefficients are very small. The
coefficient on other-weighted NAEP test scores is also negative, but it is not statistically significant.
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Figure 10: Educational Spending Per Pupil

These results are not all that surprising as many researchers have found that 8th grade test scores
are not the best measure of learning abilities and may be unrelated to future earnings.21 Again, we
also see college expenditure lagged ten years is negative and statistically significant at the 1% level.
Table 4 shows the results for educational spending on employment growth while Table 5 shows the
results for NAEP scores on employment growth. From Table 4, unweighted educational spending has
a positive and significant coefficient at the 10% level, while the other three measures of educational
spending are not statistically significant. Testing of the total differential for all four specifications
shows that it is not statistically different from zero. From Table 5, all NAEP test coefficients are
negative, but only unweighted and other-weighted are statistically significant at the 5% and 1%
levels, respectively.

7

Caveats, Contributions, and Extensions

There are two main caveats that warrant mention at this point. First, different changes in statelevel policies such as educational quality and achievement requirements could have various effects
on state-level education. These policy changes will be accounted for and addressed in the empirical
estimations in the future. In addition, following the work of Hanushek et al. (1996), an investigation
at disaggregated levels of schooling data, for instance at the county or district level, would likely result
in more reliable estimates of the true impact of education and the presence of educational investment
21 Ludwig

and Miller(2007), Deming (2009), Jackson(2012), Chetty et al.(2011), Heckman et al.(2014).
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spillovers on future earnings and employment. Estimation using micro-data is forthcoming. Another
extension to this paper includes measuring the exact size of the educational investment spillovers.
This paper adds to the literature because its main focus is educational investment spillovers
rather than educational returns. Whereas existing literature focus on human capital formation as
the mechanism through which education affects the individual, I turn my attention away from just the
human capital or quality of education aspect and focus on a variety of educational investment types.
This focus allows for investigation into whether these investments affect earnings and employment
across state borders. My theoretical predictions also allow me to empirically test whether education
investments are set so that the benefits from education are greater than the cost. The results of
this paper indicate that some state level educational investments do spill over into other states’
labor market outcomes. Results from this investigation are not only important to the literature but
they are also important for those who are setting policies in regards to education. If in fact the
results found in this study prove reliable, future policy setters will have other state’s labor markets
to consider. It is important to note that a true evaluation of the financial investments in education
requires a “comprehensive assessment of all of the returns to schooling market, nonmarket, and
external/public goods effects” (Wolfe and Haveman (2002)). This statement motivates future work
involving all aspects of any returns to educational investments.
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9
9.1

Appendix
Appendix A: Theoretical Model

My theoretical model operates in a balanced-budget framework. For simplicity purposes, I set
E0A = T0A so that taxes are not shown in the equation. The model starts with −E0A . This term
represents the loss in wages due to taxes. No wages are shown for time 0 because these wages are
already determined and do not have an effect on this model. State A is only concerned about the
wages of those working in state A: (wA ). Because of migration, the wages of state A include those
educated in and now working in state A as well as those who were educated in state B and now work
in State A: wA = wAA + wBA . wAA depends on the education of state A but also the education of
state B as shown in the theoretical model: w1AA (E0A , E0B ×

LBA
1
)
LAA
1

in which

LBA
1
LAA
1

is weighting E0B for

migration, and has a value less than 1. The second term of the w1AA function thus takes spillovers
into account. The people educated in B who then move to A could influence those people educated
in A, thus having an impact on the wages of those in state A.

9.2

Percent of Population born in current state of residence, 1970 & 2010.
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9.3

Calculation of Benefits vs. Cost

Total Differential Calculation at the mean for each state:
dY
= αE + η ∗ Ki
dEi

(12)

Total Differential multiplied by mean of earnings of each state:

B=

dY
× Yi
dEi

(13)

Present Value Benefits Calculation using 3% discount rate:

1+

1
1 + .03




+

1
1 + .03

2


+ ... +

1
1 + .03

40
= 24.11477

Present Value of Benefits = B × 24.11477
Discount $12,000 for 10 years for present value of total cost using 3% discount rate:
Present Value of Total Cost = 12, 000 × (1.03)10 = 16, 130
Net Benefit = Total Benefit - Total Cost

9.4

Net Benefit of Educational Spending on Future Earnings
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(14)

Table 2: Educational Spending on Earnings Growth
(1)

(2)
∗∗∗

Earnings Growtht−1

−0.146
(0.051)

(NE) Unweighted Educational Spendingt−10

−0.007
(0.004)

Unweighted Education Spending2 t−10

0.000∗
(0.000)

Interaction: NE & HS Only

0.009
(0.007)

Interaction: NE & Some College

0.023∗∗
(0.010)

(3)
∗∗∗

−0.146
(0.052)

−0.144∗∗∗
(0.054)

−0.037∗∗
(0.015)

Interaction: NE & College

−0.008∗
(0.004)

(AE) Average-weighted Educational Spendingt−10
Average-weighted Education Spending2 t−10

0.000
(0.000)

Interaction: AE & HS Only

0.013∗
(0.007)

Interaction: AE & Some College

0.020∗
(0.011)
−0.031∗
(0.016)

Interaction: AE & College

−0.005
(0.006)

(OE) Own-weighted Educational Spendingt−10
Own-weighted Education Spending2 t−10

0.000
(0.000)

Interaction: OE & HS Only

0.009
(0.008)

Interaction: OE & Some College

0.020∗
(0.012)
−0.032∗∗
(0.016)

Interaction: OE & College
(RE) Other-weighted Educational Spendingt−10

0.004
(0.005)

Other-weighted Education Spending2 t−10

−0.002
(0.001)

High school diploma onlyt−10

−0.062∗∗
(0.026)

−0.073∗∗∗
(0.024)

−0.063∗∗
(0.024)

Some College (1-3 years)t−10

−0.160∗∗∗
(0.057)

−0.147∗∗
(0.065)

−0.131∗∗
(0.052)

0.280∗∗∗
(0.084)

College (4+ years)t−10

−0.033
(0.055)

K12 Enrollment Ratet−10
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0.259∗∗∗
(0.090)
−0.033
(0.058)

0.187∗∗∗
(0.069)
−0.017
(0.058)

Table 2(continued): Educational Spending on Earnings Growth
College Enrollment Ratet−10

−0.024
(0.065)

−0.022
(0.065)

−0.021
(0.066)

College Expendituret−10

−0.001∗∗∗
(0.000)

−0.001∗∗∗
(0.000)

−0.001∗∗∗
(0.000)

Taxes Per Capitat−2

0.001
(0.001)

0.001
(0.001)

0.002
(0.001)

Other Gov’t Expenditure as a % of GSPt−10

0.074∗∗∗
(0.027)

0.078∗∗∗
(0.026)

0.084∗∗∗
(0.025)

Agriculture as a % of GSP (contemp.)

0.229∗∗∗
(0.068)

0.226∗∗∗
(0.068)

0.218∗∗∗
(0.071)

Manufacturing as a % of GSP (contemp.)

0.040∗∗∗
(0.012)

0.041∗∗∗
(0.012)

0.042∗∗∗
(0.013)

Observations
Number of Groups (States)
Number of Instruments
F-Statistic
AR(1)
AR(2)
Hansen Test
Difference-in-Hansen Test

1,650
50
47
478.76
0.000
0.789
0.538
0.538

1,650
50
47
661.72
0.000
0.781
0.544
0.544

1,650
50
49
617.27
0.000
0.748
0.554
0.554

Note: Standard errors are shown in parentheses

∗∗∗

p<0.01,
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∗∗

p<0.05,

∗

p<0.1.

Table 3: NAEP Test Score on Earnings Growth
(1)

(2)
∗∗∗

Earnings Growtht−1

−0.129
(0.045)

Unweighted NAEPt−10

−0.000∗∗
(0.000)

(3)
∗∗∗

−0.128
(0.045)

−0.130∗∗∗
(0.044)

−0.000∗∗
(0.000)

Average-weighted NAEPt−10
Own-weighted NAEPt−10

−0.001
(0.001)

Other-weighted NAEPt−10
−0.036
(0.042)

−0.037
(0.042)

−0.034
(0.040)

% Born in current state of residence

0.003
(0.004)

0.002
(0.004)

−0.320
(0.195)

College Enrollment Ratet−10

0.085
(0.054)

0.091
(0.055)

0.080
(0.056)

−0.001∗∗∗
(0.000)

−0.001∗∗∗
(0.000)

−0.001∗∗∗
(0.000)

Taxes Per Capitat−2

0.001
(0.001)

0.001
(0.001)

0.001
(0.001)

State Own Revenue as a % of GSPt−10

0.047
(0.029)

0.048
(0.029)

0.033
(0.028)

Other Gov’t Expenditure as a % of GSPt−10

0.024
(0.028)

0.023
(0.029)

0.044
(0.029)

Agriculture as a % of GSP (contemp.)

0.182∗∗∗
(0.055)

0.187∗∗∗
(0.058)

0.185∗∗∗
(0.054)

Manufacturing as a % of GSP (contemp.)

0.040∗∗∗
(0.013)

0.040∗∗∗
(0.012)

0.038∗∗∗
(0.012)

Observations
Number of Groups (States)
Number of Instruments
F-Statistic
AR(1)
AR(2)
Hansen Test
Difference-in-Hansen Test

1,650
50
45
869.55
0.001
0.633
0.674
0.674

1,650
50
45
780.19
0.001
0.635
0.677
0.677

1,650
50
45
4,879.47
0.001
0.637
.657
.657

K12 Enrollment Ratet−10

College Expendituret−10

Note: Standard errors are shown in parentheses

∗∗∗

p<0.01,
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∗∗

p<0.05,

∗

p<0.1.

Table 4: Educational Spending on Employment Growth
(1)

(2)
∗∗∗

Employment Growtht−1

0.615
(0.063)

(NE) Unweighted Educational Spendingt−10

0.001
(0.002)

Unweighted Education Spending2 t−10

0.000
(0.000)

Interaction: NE & HS Only

0.001
(0.005)

(3)
∗∗∗

0.615
(0.063)

0.614∗∗∗
(0.062)

−0.004
(0.003)

Interaction: NE & Some College
Interaction: NE & College

0.004
(0.006)

(AE) Average-weighted Educational Spendingt−10

0.001
(0.002)

Average-weighted Education Spending2 t−10

0.000
(0.000)

Interaction: AE & HS Only

0.003
(0.005)
−0.005
(0.004)

Interaction: AE & Some College
Interaction: AE & College

0.004
(0.007)

(OE) Own-weighted Educational Spendingt−10

0.000
(0.002)

Own-weighted Education Spending2 t−10

0.000
(0.000)

Interaction: OE & HS Only

0.001
(0.006)

Interaction: OE & Some College

0.000
(0.004)

Interaction: OE & College

0.005
(0.006)
−0.003
(0.003)

(RE) Other-weighted Educational Spendingt−10
Other-weighted Education Spending2 t−10

0.000
(0.000)
−0.020
(0.021)

High school diploma onlyt−10

0.045∗∗
(0.022)

Some College (1-3 years)t−10

−0.025
(0.034)

College (4+ years)t−10
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−0.029
(0.022)

−0.017
(0.019)

0.050∗
(0.025)

0.019
(0.020)

−0.028
(0.038)

−0.016
(0.023)

Table 4(continued): Educational Spending on Earnings Growth
−0.003∗∗
(0.001)

Interaction: NE & Percent of Labor

0.015∗∗∗
(0.006)

Percent of Labor White” White

0.016∗∗∗
(0.005)

0.015∗∗∗
(0.005)

K-12 Enrollment Ratet−10

−0.005
(0.019)

0.000
(0.020)

−0.000
(0.019)

% Born in current state of residence

−0.003
(0.002)

−0.004
(0.003)

−0.012
(0.010)

College Enrollment Ratet−10

−0.056
(0.038)

−0.057
(0.037)

−0.053
(0.035)

College Expendituret−10

−0.000
(0.000)

−0.000
(0.000)

−0.000
(0.000)

Taxes Per Capitat−2

−0.001∗∗
(0.000)

−0.001∗
(0.000)

−0.001∗
(0.000)

State Own Revenue as a % of GSPt−10

−0.000
(0.017)

−0.006
(0.017)

−0.004
(0.017)

Other Gov’t Expenditure as a % of GSPt−10

−0.004
(0.014)

−0.003
(0.014)

−0.005
(0.014)

Agriculture as a % of GSP (contemp.)

−0.002
(0.018)

0.001
(0.017)

0.002
(0.018)

Manufacturing as a % of GSP (contemp.)

−0.007∗
(0.004)

−0.006
(0.004)

−0.008∗
(0.004)

−0.003∗∗∗
(0.001)

Interaction: AE & Percent of Labor White” White

−0.003∗∗
(0.001)

Interaction: OE & Percent of Labor White” White

Observations
Number of Groups (States)
Number of Instruments
F-Statistic
AR(1)
AR(2)
Hansen Test
Difference-in-Hansen Test
Note: Standard errors are shown in parentheses

1,200
50
45
3,286.86
0.000
0.219
0.729
0.729
∗∗∗

p<0.01,
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∗∗

p<0.05,

1,200
50
45
2,534.33
0.000
0.218
0.739
0.739
∗

p<0.1.

1,200
50
47
7,821.68
0.000
0.219
0.792
0.792

Table 5: NAEP Test Score on Employment Growth
(1)

(2)
∗∗∗

Employment Growtht−1

0.620
(0.057)

Unweighted NAEPt−10

−0.000∗∗
(0.000)

(3)
∗∗∗

0.620
(0.057)

0.620∗∗∗
(0.056)

−0.000
(0.000)

Average-weighted NAEPt−10
Own-weighted NAEPt−10

−0.001∗∗∗
(0.000)

Other-weighted NAEPt−10
0.037∗
(0.020)

0.037∗
(0.020)

0.041∗∗
(0.020)

−0.014∗∗∗
(0.002)

−0.014∗∗∗
(0.002)

−0.254∗∗∗
(0.066)

0.001
(0.029)

0.001
(0.029)

0.005
(0.028)

College Expendituret−10

−0.000
(0.000)

−0.000
(0.000)

−0.000
(0.000)

Taxes Per Capitat−2

−0.001
(0.001)

−0.001
(0.001)

−0.001
(0.001)

State Own Revenue as a % of GSPt−10

−0.026
(0.017)

−0.029
(0.018)

−0.028∗
(0.015)

Other Gov’t Expenditure as a % of GSPt−10

0.023
(0.015)

0.026
(0.016)

0.031∗∗
(0.015)

Agriculture as a % of GSP (contemp.)

0.020
(0.017)

0.019
(0.017)

0.031∗
(0.017)

Manufacturing as a % of GSP (contemp.)

0.010∗
(0.006)

0.010
(0.006)

0.010∗
(0.006)

Observations
Number of Groups (States)
Number of Instruments
F-Statistic
AR(1)
AR(2)
Hansen Test
Difference-in-Hansen Test

1,650
50
45
556.34
0.000
0.259
0.269
0.269

1,650
50
45
570.02
0.000
0.258
0.272
0.272

1,650
50
45
619.47
0.000
0.264
0.367
0.367

K12 Enrollment Ratet−10
% Born in current state of residence
College Enrollment Ratet−10

Note: Standard errors are shown in parentheses

∗∗∗

p<0.01,

34

∗∗

p<0.05,

∗

p<0.1.

