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The equity-efficiency trade-off and cumulative return theories predict
larger returns to school spending in areas with higher previous invest-
ment in children. Equity—not efficiency—is therefore used to justify
progressive school funding: spendingmore in communities with fewer
financial resources. Yet it remains unclear how returns to school
spending vary across areas by previous investment.Using county-level
panel data for 2009–18 from the StanfordEducationDataArchive, the
Census Finance Survey, and National Vital Statistics, the authors es-
timate achievement returns to school spending and test whether re-
turns vary between counties with low and high levels of initial human
capital (measured as birth weight), child poverty, and previous spend-
ing. Spending returns are higher among counties with low previous in-
vestment (counties that also have a high percentage of Black students).
Evidence of diminishing returns by previous investment documents
another way that schools increase equality and establishes another ar-
gument for progressive school funding: efficiency.
INTRODUCTION

Progressive school funding—spending more in communities with fewer fi-
nancial resources—is typically justified for equity, not efficiency. The equity
rationale is that these communities invest less in children, and it therefore
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costs more for schools to help children reach a given level of academic
achievement (e.g., Baker 2017). This rationale matches the equity-efficiency
trade-off (Okun 1975), which suggests that promoting equity requires sacri-
ficing efficiency: spending more in communities with lower previous invest-
ment and fewer resources (higher equity) predicts lower returns (lower effi-
ciency). Scholars have questioned this trade-off conceptually in education
and health care (Le Grand 1990; Reidpath et al. 2012; Brighouse et al.
2018), but little work has tested it empirically.
How do benefits of school spending vary by previous investment? Public

K–12 education spending in the United States totaled $739 billion in 2017
(NCES 2020). If that spending yields larger benefits in areas that already
invest more in children, then an equal increase in school spending across
communities would increase inequality of achievement. In addition to the
equity-efficiency trade-off argument, the economic theories of cumulative
returns and dynamic complementarities also predict larger returns in areas
with higher previous investment because those with more initial human
capital benefit more from later investments (Heckman 2000; Cunha and
Heckman 2007; Johnson and Jackson 2019). In contrast, growing evidence
suggests school spending yields larger benefits in areas with fewer resources
(Biddle and Berliner 2002; Lafortune, Rothstein, and Schanzenbach 2018;
Rauscher 2020a, 2020b), but variation by initial human capital has not been
explicitly examined.
A strength of research in sociology of education and stratification is iden-

tifying how schools reproduce inequality (DiPrete and Fox-Williams 2021).
Less is known about how schools reduce inequality. This study examines
whether and how the relationship between school spending and achievement
varies by previous investments, including initial human capital (at birth),
child poverty rate, and previous school spending.We link annual county-level
panel data on educational achievement and school spending in the years 2009–
18 from the Stanford Education Data Archive 4.0 (SEDA) and Census Fi-
nance Survey (F-33) to county infant health data fromNational Vital Statistics
to estimate achievement returns to school spending and to assess how returns
vary between counties with low and high levels of initial human capital (mea-
sured as birth weight), child poverty, and previous spending. Recent school fi-
nance court case decisions help address potential endogeneity. To adjudicate
among potential theories, we also examine variation by family income and
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School Spending and Achievement
whether spending distribution in school districts and in states changes with
spending increases.

To preview our results, we find a stronger relationship between spend-
ing and achievement among counties with low previous investment. Re-
sults contribute to evidence that equality and efficiency are not necessarily
a trade-off (Okun 1975) and that progressive investments in children can
be both equalizing and efficient. Higher returns in areas with lower in-
vestment establish another way that schools reduce inequality and pro-
vide another powerful argument for progressive school funding: efficiency.
Higher returns to school spending in counties with low investment—
counties that also have a high concentration of Black residents—suggest
school funding could be one pathway for community reparations (Kaiman
2016).

THEORETICAL AND EMPIRICAL BACKGROUND

Schools and Inequality

Scholars have debated whether schools reduce or reproduce inequality at
least since Mann called schools “the great equalizer of the conditions of
men” (1849, p. 59). Evidence suggests that schools reduce inequality in
achievement by providing more equal academic input and contexts than
students would receive at home (Downey, von Hippel, and Broh 2004).
Schools benefit disadvantaged students more because the counterfactual
learning opportunities they would have access to outside of school are sub-
stantially worse than those provided in school (Raudenbush andEschmann
2015). The greater equality of access to skills at school—than students
would otherwise experience outside of school—overcomes unequal aspects
of school on average, allowing schools to increase equality of achievement
(Downey et al. 2004; Raudenbush and Eschmann 2015).

Although schools may increase equality of achievement on average, the
unequal distribution of school spending limits this equalizing potential.
School finance reforms increase achievement by allowing districts (especially
low-income districts) to investmore in resources that improve learning, such
as small class sizes and quality teachers (Ferguson 1991; Boyd-Zaharias
1999; Jackson, Johnson, and Persico 2016; Lafortune et al. 2018). In many
states, funding formulas distribute funds progressively by poverty/wealth
(Corcoran and Evans 2015). However, funding inequality remains both
between and within districts (Condron and Roscigno 2003; Roza 2010;
Ejdemyr and Shores 2017). School funding is unequally distributed by
student characteristics, including race and income (Kozol 1991; Darling-
Hammond 1998; Condron 2009; Sosina and Weathers 2019). Uneven local
tax revenue between districts and unequal distribution of funds across
schools within districts result in unequal resources both within and between
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districts (Roza 2010). Unequal educational outcomes including achievement
may therefore reflect unequal spending.

School Resources and Inequality

Even if school spending could be equalized across districts, equal resources
may have limited potential to increase equality of student achievement for
two reasons. First, advantaged communities and students may benefit more
from the same amount of school spending. In that case, even equal spending
on each student would still generate inequality. The theory of dynamic com-
plementarity in child development and the classic economic argument that
“skill begets skill” (Heckman 2000; Cunha and Heckman 2007; Johnson
and Jackson 2019) suggest that those with more initial human capital (e.g.,
higher birth weight) benefit more from later investments, such as school
spending. Some evidence supports this and suggests that investments are
complementary (Cunha, Heckman, and Schennach 2010; Heckman et al.
2010;Aizer andCunha 2012;Gilraine 2016). Johnsonand Jackson (2019) pro-
vide a particularly relevant example, examining variation in the effects of
school finance reforms, and find evidence of complementary effects of school
spending with Head Start access.
In addition to variation in school investments, family investments in

child development are also unequal. High-income families spend more on
lessons, school, and childcare than families in poverty (Schneider, Hastings,
and LaBriola 2018), contributing to unequal academic preparation. If stu-
dents with higher previous investments benefit more from later invest-
ments, then school spending increases should improve achievement more
among high-income students in areas with initial advantages, increasing in-
equality of achievement.

HYPOTHESIS 1a.—Higher school spending improves achievement more

among students in counties with high initial human capital than in counties
with low initial human capital.

HYPOTHESIS 1b.—Within high-investment counties, higher school spend-

ing improves achievement among students from high-income but not low-
income families.

Why School Resources May Reduce Inequality

Sociological arguments offermultiple reasons that schools could increase in-
equality, including unequal school resources (Kozol 1991; Condron and Ro-
scigno 2003; Ladson-Billings 2006). Compared to literature on how schools
reproduce inequality, less is known about how schools reduce inequality
(Downey2020).Evidence that schools increase equality of achievement over-
all (Downey et al. 2004;RaudenbushandEschmann2015), despite substantial
inequalities, suggests that schools increase equality by providing more equal
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contexts than students would experience out of school. Another explanation
for how schools reduce inequality is that school spending benefits students
with initial disadvantages more than those with advantages. If school re-
sources have larger benefits among disadvantaged students, then spending in-
creases should improve achievement more in areas with low initial human
capital and among low-income students (hypothesis 2 below). This theory
suggests that schools improve not only equality of context but also equality
of outcomes (equity). That is, once children are in the more equal context of
school, spending more has progressive effects on achievement, and schools
improve outcomes more among those with disadvantages.

Growing evidence supports the hypothesis that disadvantaged students
benefit more from school funding (Cellini, Ferreira, and Rothstein 2010;
Jackson et al. 2016; Lafortune et al. 2018; Rauscher 2020a, 2020b; Jackson
and Mackevicius 2021). Studies that take advantage of state finance re-
forms find that greater equality of school funding narrows SAT score gaps
by parental education (Card and Payne 2002) and increases student test
scores in low-income districts (Guryan 2001; Papke 2005; Downes, Zabel,
and Ansel 2009; Roy 2011; Lafortune et al. 2018). Studies that examine het-
erogeneous effects of school spending (rather than effects of greater spend-
ing equality) also find larger benefits among disadvantaged students (Jack-
son et al. 2016; Candelaria and Shores 2019; Rauscher 2020a).

Less is known about why school funding may benefit disadvantaged stu-
dents more than others. One potential explanation is the theory of diminish-
ing returns, which suggests the benefits of investment decline at higher levels
(Knight 1944). Originally applied to agriculture and investments in land, the
theory has been applied more broadly to a variety of topics, including tech-
nology, exports, economic development, and social capital (Shephard and
Fare 1974; Kohli and Singh 1989; McFadyen and Cannella 2004; Potter
andWatts 2011). Evidence of diminishing returns to time investment in child
academic achievement (Walberg and Tsai 1984) suggests the theory could
help account for higher returns to school spending among disadvantaged stu-
dents. Recent research comparing estimates from multiple studies finds little
evidence of diminishing achievement returns to school spending over base-
line per pupil spending (Jackson andMackevicius 2021). However, estimates
using the same measures and methods would be more directly comparable.
Furthermore, in addition to variation by previous school spending, benefits
of spendingmay also vary by earliermeasures of previous investments before
children start school. Children come to school with a history of previous in-
vestments, producing substantial inequality at school entry (Hart and Risley
1995; Downey et al. 2004), and returns to school spendingmay differ by early
investments.

Children have limited time and attention spans, and increasing academic
investment may yield little test score benefit in areas with already high
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investment. If we use a sponge analogy, children soak up a great deal like
sponges, but once a sponge is saturated, additional water cannot be retained
and will run off. Similarly, child academic achievement improves from ed-
ucational investments, but additional investments among children with al-
ready high levels of investment may yield lower benefit (analogous to a sat-
urated sponge). Diminishing returns theory suggests larger benefits to school
spending among students in areas with lower levels of previous investment.

HYPOTHESIS 2.—Higher school spending improves achievement more

among students in counties with (a) low initial human capital than high ini-
tial human capital, (b) high child poverty than low child poverty, and (c) low
levels of previous school spending than high previous spending.
If spending benefits are indeed larger in counties with lower previous in-

vestment, diminishing returns further suggests that, within those counties,
spending benefits should only accrue to low-income students. The theory
predicts spending benefits among low-income but not high-income students
in areas with lower levels of previous investment because high-income stu-
dents receive greater investment from families outside of school.

HYPOTHESIS 2d.—Within low-investment counties, higher school spend-

ing improves achievement among students from low-income but not high-
income families.
The implications of school investments for inequality remain unclear due

to potential heterogeneity by previous investments (Gilraine 2016; Rossin-
Slater and Wust 2020). We test the hypotheses above to assess whether the
relationship between school spending and achievement differs by previous
investments, including human capital, family income, and school spending.

METHODS

Data and Sample

We use county-level achievement data from SEDA 4.0 (Reardon et al.
2021). These data include county mean achievement test scores for each
year 2009–18 and each grade 3–8.Within each county, SEDA also provides
achievement separately for low-income students (economically disadvan-
taged) and for higher-income students (not economically disadvantaged),
based on each state’s definition of “economic disadvantage.” Year refers
to spring of the academic year throughout the article. We link SEDA data
using Federal Information Processing Standards (FIPS) county code to Pub-
licElementary-SecondaryEducationFinanceData 2009–18 from theCensus
Finance Survey (called F-33 data) and to administrative birth data from the
National Vital Statistics System (NVSS). F-33 data include annual expendi-
ture details for each school district, which we use to calculate total county-
level spending and enrollment among all districts in each county and year. The
NVSS data provide inclusive and reliable infant health information for all
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live births in the United States. We calculate annual county-level measures
of infant health for each cohort born in 1995–2009. We include NVSS birth
data for birth years 1995–2009 because children born during this period cor-
respond to the academic cohorts covered in the SEDA data. The oldest co-
hort in SEDA, the 8th-grade-in-2009 cohort, roughly corresponds to children
born in 1995, while the youngest cohort in SEDA, the third-grade-in-2018 co-
hort, roughly corresponds to children born in 2009.

The publicly availableNVSS birthmicrodata identify themother’s county
of residence, but only for counties with a total population of 100,000 or more
(~500 counties). We use restricted NVSS birth data, which provide geo-
graphic information for all births and allow inclusion of 3,025 counties with
achievement, spending, and infant health information (99% of all counties
and96%of all counties or statistical equivalencies; U.S.Department ofCom-
merce 1994, pp. 4–9). Therefore, our sample includes most counties in the
United States.
Measures

Achievement.—Our dependent variable is the math achievement test score
for each county, grade, and year measured in standard deviation units rel-
ative to the distribution in the national reference cohorts (Fahle et al. 2021,
p. 30). A value of 0.2 in our analyses indicates that average student achieve-
ment in the county-grade is one-fifth of a standard deviation above the mean
score of the national reference cohorts in the same grade (p. 30). Main anal-
yses use annual county-level achievement, aggregated across grades weighted
by grade-level enrollment in each year. We examine county-grade achieve-
ment measures in sensitivity analyses, to allow more precise estimates.

We focus on math achievement because it is more strongly related to edu-
cational attainment and is less likely to be influenced by the proportion of
English-language learners (Jencks and Phillips 1999). SEDA data suppress
observationswith fewer than 20 students for privacy reasons and remove ob-
servations based on over 20% alternate assessments, low participation rate
(<95%), low reliability (<0.7), or with standard errors over 2 (see Fahle et al.
2021). After linking achievement data to spending and infant health data,
we have 22,864 county-year observations (based on 133,438 county-grade-
year observations) with complete information (representing 96% of all coun-
ties or statistical equivalencies). The number of observations is smaller for
specific subgroups, such as achievement among low-income students.

SEDA documentation suggests that achievement in large districts is
slightly overestimated (by 0.05 SDs, on average; Reardon, Kalogrides,
andHo 2021, p. 148).We examine county-level achievement, andwe control
for enrollment to help address this. In addition, the SEDA data translate
achievement measures into a common national scale based on overall state
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performance and on area performance on a state exam relative to other ar-
eas in the state (see Fahle et al. [2021] for details). This process raises con-
cern about between-state comparisons of county achievement measures.
Our estimates rely on variation in achievement and spending within the
same county over time, to avoid concerns about between-state achievement
comparisons.
Spending.—Our key independent variable is per pupil spending at the

county level in each year 2009–18. The F-33 data contain annual total
K–12 spending and enrollment for all school districts.We calculate the total
spending of all districts within the same county to obtain total annual
spending at the county level. All currency is adjusted for inflation to 2018
dollars using monthly consumer price index data based on the fiscal rather
than calendar year to match the school calendar (Candelaria and Shores
2020). We sum the total number of students enrolled in K–12 education
across all districts in the same county to obtain the county-level student en-
rollment. Annual county-level per pupil spending is county total spending
(in 2018 dollars) divided by the county total student enrollment (logged to
reduce skewness).
Initial human capital.—We examine variation in the association be-

tween educational spending and academic achievement by initial human
capital. Birth weight is frequently used as a measure of initial or early hu-
man capital (Datar, Kilburn, and Loughran 2010; Hsin 2012) and has im-
portant implications for later human capital and earnings (Conley, Strully,
andBennett 2003; Black, Devereux, and Salvanes 2007; Royer 2009). Other
studies have examined variation by later measures of human capital (e.g.,
Head Start access; Johnson and Jackson 2019). We use birth weight (in
grams) because it is one of the earliest measures possible, it is reliable,
and parents cannot selectively invest in birth weight based on earlier mea-
sures of human capital. For example, parental decisions about whether to
enroll their child in Head Start could differ depending on child health.
Healthy birth weight has important benefits for health and labor market
outcomes through adulthood, and low birth weight (<2,500 grams) has both
short- and long-term negative implications (Conley et al. 2003; Black et al.
2007; Royer 2009; Johnson and Schoeni 2011). High birth weight can also
be associated with health problems (Koifman and Pombo-de-Oliveira
2008; Johnsson et al. 2015), but this is less of an issue here because we use
the county rate of low birth weight.
Ideally, we would like to have precise birth weight measures for each ac-

ademic cohort included in the SEDA data. We calculate academic cohort
based on grade and year (cohortjt 5 yeart 2 ðgradej 1 5Þ 2 1) so that co-
horts include children who are age 6 by spring of their kindergarten year.
However, in reality not all children born in the same academic year attend
primary school at the same age. Families with children have relatively low
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(4%) between-county migration rates during the time period examined (see
table A2), but students may alsomove across counties in a selective manner.
Therefore, we calculate the rate of low birth weight across all cohorts born
in 1995–2009 (roughly the birth years of the academic cohorts included in
the SEDA data) for births to mothers residing in each county. Our time-
constant county birth weight measure avoids overstating precision and is
justified by the data. In our sample, the majority of the variation in cohort
birth weight is between counties rather than within counties. Regressing
birth weight measured for each county and cohort (birth year) on county
identification indicators yields an R2 of 0.67, meaning that two-thirds of
the county-level birth weight variation in our panel data is accounted for
by variation between counties and only one-third of the variation lies in var-
iation over time within the same county. Thus, cohorts within the same
county tend to share similar birth weights over time. Because county rate
of low birth weight is calculated across all cohorts examined and does not
vary over time, it may therefore partially proxy for the various local socio-
economic and demographic circumstances that influence infant birth weight
(Gorman 1999; Morenoff 2003).

High and low investments.—In addition to human capital, we examine
variation by county-level measures of child poverty and previous school
spending. We divide counties into terciles based on county rate of low birth
weight across all cohorts examined (1995–2009), 2008 child poverty rate
(ages 0–17; from the census Small Area Income and Poverty Estimates
[SAIPE] program), and 2008 per pupil spending (from F-33 data).

Control variables.—We include the following time-varying control vari-
ables, measured at the county level, in all analyses: total number of students
enrolled in K–12 schools (from F-33; logged to reduce skewness); number of
schools (from F-33); percentage of schools that are in a town, suburban, and
urban locations (rural is omitted; from SEDA); percentage of students who
are Black, Hispanic, Asian, and American Indian (white omitted; from
SEDA); information index measures of income segregation and Black-
white segregation between schools (from SEDA); percentage of students
with an individual education plan and learning English (from the National
Center for Education Statistics); and county socioeconomic status measures
from SEDA: proportion of families with a bachelor’s degree or higher, pov-
erty rate, unemployment rate, SNAP receipt rate, single mother household
rate, median income (log), and student free/reduced-price lunch eligibility
rate.
Analytic Strategy

We use two approaches to examine the relationship between spending and
achievement. The strengths of each approach address limitations in the other.
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First, we estimate the extent to which achievement changes with per pupil
spending inmodels that include county and year fixed effects. This approach
addresses several challenges. Regardless of spending, achievement may be
higher than average in counties with highly educated families and effective
teachers. At the same time, locations with higher achievement often have
higher property values and can spend more on education due to higher local
property tax revenues (Hoxby 2001). We account for those stable differences
between counties by including county fixed effects. We include year fixed ef-
fects to account for changes over time that could affect achievement in all
counties (e.g., the 2008 recession). Estimates rely on variation in achievement
and spending within the same county across years.
All models are fit in Stata 16 using REGHDFE (Correia 2017), which al-

lows multiple levels of fixed effects and eliminates singleton observations
(e.g., counties with only one observation). Equation (1) predicts achieve-
ment in a given county (i) and year (t) with county and year fixed effects,
county-level per pupil spending (PPS), and time-varying controls (Xit; iden-
tified above). Robust standard errors are adjusted for county-level cluster-
ing in all models.

Achievementit 5 a 1 b1PPSit 1 bkXit 1 countyi 1 yeart 1 εit: (1)

In equation (1), b1 estimates the extent to which achievement changes
with per pupil spending over time within a county. After controlling for
county fixed effects, b1 is no longer confounded by county characteristics
that remain stable over time during the period under study. We add time-
varying control variables to account for changes in enrollment, number
of schools, and local economic conditions that could potentially influence
achievement and vary across counties.
To examine the variation in b1 by initial human capital, we stratify the

sample and fit separate models using samples limited to counties in the bot-
tom and top terciles of county rate of low birth weight (0%–6.8%, 8.2%–

25%).We compareb1 coefficients from the two samples to determinewhether
the relationship between spending and achievement differs significantly by
initial human capital (Clogg, Petkova, and Haritou 1995; Paternoster et al.
1998). Specifically, we calculate z 5 ðblow 2 bhighÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SE2
low 1 SE2

high

p

, where
blow indicates b1 from equation (1) when predicting achievement in counties
with low birth weight (top tercile of low birth weight) and bhigh indicates b1

when predicting achievement in counties with high birth weight (bottom
tercile of low birth weight). We use the same approach to test for differences
by child poverty and previous spending.
Despite strengths, this approach does not address unobserved time-varying

county characteristics that could influence both spending and achievement.
For example, a stronger economic downturn in certain counties could reduce
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both school spending and achievement. Because our focus is on comparing
the spending-achievement relationship by birth weight, those unobserved
characteristics would have to alter the relationship differently in the top
and bottom terciles of low birth weight to invalidate our findings.

A second approach addresses these potential endogeneity concerns. We
use difference in differences (DID) to compare results before and after state
supreme court decisions on school finance cases that introduced exogenous
changes in school spending. Specifically, we limit analyses to counties in the
19 states that had a school finance court case decision between 2009 and
2018 (Rebell 2017; Baker et al. 2021). Figure 1 shows states that had a school
finance court case decision in the time period and whether the decision sup-
ported higher funding (black) or not (gray); states without a decision are
white. We use the first court case in the time period in each state, with ad-
equacy or equity cases taking precedence over compliance cases (those that
sought to make states compliant with prerecession policy). Table A1 lists
these court cases and whether the decision supported higher funding.

Using these cases, we create indicators for counties in a state where the
court case decision was in support of more funding (treat in eq. [2]) and
for observations after the court decision in each state (post). We limit anal-
yses to observations two years before and two years after each court deci-
sion, to prevent counties in states with decisions early or late in the period
examined from driving results.
FIG. 1.—State supreme court school finance case decisions, 2009–18. Court cases and
decisions gathered fromRebell (2017), Baker et al. (2021), and the Education LawCenter
(https://edlawcenter.org/). The first court case in each state is included, with adequacy or
equity cases taking precedence over compliance cases. Profunding states are those in
which the court decision favored additional education funding. Not profunding states
are those in which the court decision was not in favor of additional education funding.
Profunding 5 black; not profunding 5 gray; no data 5 white.
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Achievementit11 5 a 1 b1postt 1 bDIDpostt � treati 1 bkXit

1 countyi 1 yeart 1 εit11:

(2)

Holding constant the main effect of being observed after the court decision
and county fixed effects, the DID model tests the interaction between treat
and post to estimate whether achievement (in year t 1 1) in treated counties
differs significantly after the decision compared to before the decision and
to untreated counties. The main effect for treat drops out of the model be-
cause county fixed effects are included. Achievement should have a delayed
response to court decisions (because it takes time for states to implement
funding changes and for districts to make curriculum or staff changes based
on those funding changes). DID estimates therefore predict one-year lead
achievement (t 1 1). DID models include the same fixed effects and time-
varying controls (Xit) as in the fixed effects approach. Robust standard errors
are adjusted for county-level clustering in allmodels. As in themain analyses,
we fit the DID regressions separately on subsamples by low birth weight
tercile and test whether bDID coefficients differ significantly.
Themain assumptions inDID analyses are (1) parallel trends—treatment

and control observations were on similar trajectories over time before treat-
ment—and (2) another change did not occur at the same time as the treat-
ment. Figure 2 shows parallel achievement trends in low-birth-weight
counties before the court decision. (Figure 2 includes more years before the
court decision than regression analyses, to illustrate trends.) Trends are com-
parable but not parallel among high-birth-weight counties. The court deci-
sions occurred at different times across states, so other changes would also
have had to vary over time across states to bias results. Table A3 shows
DID estimates predicting per pupil spending. A profunding decision increases
spending, and coefficients predicting spending do not differ significantly by
birth weight, poverty, or previous spending.

(2)
Sensitivity Analyses

We conduct a series of sensitivity analyses to assess robustness and address
concerns. First, we test the robustness of our results using other model speci-
fications. We predict annual county-grade achievement observations in
models with county-cohort and county-grade fixed effects to address poten-
tial differenceswithin counties. For example, certain cohorts within a county
may have higher achievement, or student test-taking ability may improve at
higher grade levels, particularly in counties with higher income or property
values. We address these potential differences by including fixed effects for
county-specific grades and cohorts.
Second, results are potentially subject to the influence of outlying obser-

vations. For instance, figure 3 reveals some observations with exceptionally
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high per pupil spending. Therefore, we repeat analyses when excluding ob-
servations with outlying values of per pupil spending: observations three
times the interquartile range above the 75th percentile (excludes 0.49%, or
766 observations with per pupil spending over $37,550; there are no low-
spending outliers).

Third, we assess robustness to alternative specifications of initial human
capital. The main analyses examine variation by tercile of county mean low
birth weight across all cohorts. All county-year observations are assigned to
the same tercile. This approach avoids overstating the precision of our co-
hort infant health measures but ignores potentially important within-county
variation. We repeat analyses by county-cohort tercile of low birth weight,
assigning each observation based on cohort-specific low birth weight regard-
less of whether other observations in the county are in the same tercile. We
conduct these analyses using three cohort specifications: (A) cohort is calcu-
lated using grade and year (cohortjt 5 yeart 2 ðgradej 1 5Þ 2 1); (B) cohort
is modified to account for the age cutoff required to start kindergarten in
FIG. 2.—Achievement by time from school finance court case decision. County-year
grade 7 observations for 2009–18 in states with a school finance court case decision since
2009, with achievement and birth weight information from SEDA and NVSS. High birth
weight (BW) indicates counties in the bottom tercile of percentage low birth weight. Low
birthweight indicates counties in the top tercile of percentage low birthweight. Profunding
states are those in which the court decision favored additional education funding. Not
profunding states are those in which the court decision was not in favor of additional ed-
ucation funding.
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most states. Birth quarters 1–3 remain in the same cohort calculated in A
above. Those born in quarter 4 are assigned to one cohort higher than the
cohort A calculation (cohortjt 5 yeart 2 ðgradej 1 5Þ); (C) cohort varies by
the state-specific age cutoff required to start kindergarten (ECS 2011). In
most states (with age 5 cutoff dates August 15–November 31 or determined
by district), cohort B is assigned. In states with cutoff dates December 1–
January 1 (Calif., Conn., D.C., Mich., Vt.), cohort A is assigned. In states with
cutoff dates July 1–August 14 (Alaska, Ind., Mo.), cohort B is assigned but
birth quarter 3 is assigned one cohort higher.
Fourth, we use alternative measures of initial human capital, including

preterm birth rate (gestational length <37 weeks) and a combination of
low birth weight and preterm birth rates. Specifically, we examine variation
by tercile of county mean preterm birth rate and by tercile of the sum of
county mean rates of preterm birth and low birth weight.
Fifth, variation in school spending returns could reflect different relation-

ships between enrollment and achievement over time. All models control for
time-varying county enrollment, but high-spending and low-poverty coun-
ties often attract families, and new students may have lower achievement.
FIG. 3.—Achievement by per pupil spending and county birth weight tercile. County-
year observations for 2009–18, with achievement, spending, and birth weight informa-
tion from SEDA, F-33, and NVSS. High birth weight indicates counties in the bottom
tercile of percentage low birth weight. Low birth weight indicates counties in the top
tercile of percentage low birth weight. Spending in thousands per pupil is adjusted for
inflation to 2018 dollars.
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In this scenario, enrollment may be increasingly important for achievement
over time, particularly in financially advantaged counties. To address poten-
tial variation in the confounding effect of enrollment over time, we repeat the
main analyses when including (1) log county enrollment interacted with year
and (2) county-specific enrollment trends (log county enrollment interacted
with year and with an indicator for each county).

Sixth, we examine potential lag and lead effects (Angrist and Pischke 2009,
pp. 237–41), to check that effects on achievement emerge after the change in
spending. In fixed effects models, spending in future years should have no ef-
fect on current achievement. In DID analyses, a profunding decision should
have no effect on achievement in years before the court decision year.
RESULTS

Descriptive Statistics

Table A2 provides descriptive statistics for county-year observations from
2009 to 2018, alongwithmean values among counties in the top and bottom
terciles of birth weight, poverty, and spending. Students in high-birth-
weight counties have better average academic achievement and receive
higher educational investments in the form of per pupil spending than stu-
dents in low-birth-weight counties. High-birth-weight counties also have
higher median household income and lower poverty rates, on average. Sim-
ilar differences are observed by poverty and spending, with higher achieve-
ment and income in low-poverty and high-spending counties.

Figure 3 provides scatter plots and fitted lines of achievement by spending
in countieswith high and lowbirthweight. It shows a clear pattern: a positive
association between per pupil spending and achievement among low-birth-
weight counties. Among high-birth-weight counties, the relationship is rela-
tively flat. This different relationship by birth weight is also observed when
examining achievement in a single grade (figs. S1 and S2; figs. S1–S4 are
available online).
Regression Analyses

Results of regression analyses also suggest that the relationship between ed-
ucational spending and achievement differs by birth weight. The first two
models in table 1 provide estimates of the relationship betweenperpupil spend-
ing and mean academic achievement in samples stratified by county birth
weight.Model 2 reveals that among low-birth-weight counties, a 10% increase
in per pupil spending is associated with about a 0.01 SD increase in math
achievement (P < :01) within the same county ( logð1:1Þ � 0:07 5 0:01). At
mean spending (~$13,000), the model suggests a 0.01 SD increase in achieve-
ment with a $1,300 increase in per pupil spending. This is a small-moderate
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TABLE 1
Predicted Achievement by Previous Investment: Fixed Effects

VARIABLE

BY BIRTH WEIGHT BY POVERTY BY SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

pending/pupil 2018$ (log) . . . . . . . 2.01 .07** 2.02 .05** .06** 2.01
(.02) (.02) (.02) (.02) (.02) (.02)

nrollment (log) . . . . . . . . . . . . . . . . 2.02 .12* .04 .02 .02 .03
(.04) (.05) (.05) (.04) (.05) (.04)

umber of schools . . . . . . . . . . . . . . 2.00 .00 2.00 .00 .00* 2.00
(.00) (.00) (.00) (.00) (.00) (.00)

urban . . . . . . . . . . . . . . . . . . . . . . .041 .03 .041 .01 .03 .02
(.03) (.02) (.02) (.03) (.03) (.03)

suburban . . . . . . . . . . . . . . . . . . . .03 .02 .04** .00 .03* .02
(.02) (.02) (.01) (.03) (.02) (.02)

town . . . . . . . . . . . . . . . . . . . . . . . 2.01 2.00 2.02 2.01 .01 2.02
(.01) (.01) (.01) (.01) (.01) (.01)

American Indian in grade . . . . . . 2.43 2.29 2.981 21.14** 2.90** 2.81
(.33) (.46) (.53) (.38) (.33) (.50)

Asian in grade . . . . . . . . . . . . . . . .691 2.89 .08 2.90 2.66 .10
(.40) (.68) (.29) (.92) (.53) (.35)

Hispanic in grade . . . . . . . . . . . . 2.38** 2.77** 2.29* 2.49** 2.88** 2.16
(.15) (.15) (.13) (.15) (.17) (.12)

Black in grade . . . . . . . . . . . . . . . 2.51 2.45** 2.66* 2.46** 2.17 2.70**
(.33) (.15) (.26) (.17) (.22) (.21)

English learner . . . . . . . . . . . . . . 2.18 2.24 2.50** 2.15 2.17 2.46**
(.12) (.25) (.17) (.20) (.25) (.16)

individual education plan . . . . . . .01* .13 .01** .08 .281 .01*
(.00) (.11) (.00) (.08) (.16) (.00)

come segregation . . . . . . . . . . . . . 2.20* 2.07* 2.19** 2.06 2.13** 2.02
(.09) (.04) (.07) (.04) (.05) (.05)

lack-white segregation . . . . . . . . . .00 2.03 2.00 2.04 .02 2.04
(.04) (.07) (.05) (.06) (.05) (.05)

edian income (log) . . . . . . . . . . . . 2.19** 2.05 2.22** 2.02 2.15* 2.111

(.07) (.05) (.07) (.05) (.06) (.06)
B.A.1 education . . . . . . . . . . . . . .08 .42* .27 .27 .22 .31

(.19) (.18) (.17) (.21) (.18) (.21)
poverty . . . . . . . . . . . . . . . . . . . . . .10 2.02 2.20 .01 2.02 2.23

(.20) (.15) (.20) (.14) (.16) (.20)
unemployed . . . . . . . . . . . . . . . . . 2.25 2.12 2.17 2.09 .11 2.14

(.19) (.16) (.21) (.16) (.17) (.21)
SNAP receipt . . . . . . . . . . . . . . . . 2.361 2.11 2.59** .01 .22 2.281

(.19) (.13) (.18) (.14) (.16) (.17)
single mother household . . . . . . . .01 .17 .02 2.04 .02 2.02

(.17) (.14) (.16) (.14) (.14) (.17)
free/reduced lunch in grade . . . . 2.07 2.03 2.06 .02 2.06 2.04

(.05) (.03) (.05) (.03) (.04) (.05)
onstant . . . . . . . . . . . . . . . . . . . . . . 2.47** 2.71 2.33* 2.19 1.17 1.19

(.90) (.69) (.95) (.64) (.77) (.88)
ifference in spending coefficients:
Fz-scoreF . . . . . . . . . . . . . . . . . . . . 3.28** 2.86** 2.54*
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cost effectiveness ratio in education: small effect size at a moderate cost (Kraft
2020). In contrast, model 1 finds no association between spending and achieve-
ment among high-birth-weight counties. The difference between spending co-
efficients in high- and low-birth-weight counties is statistically significant (z 5
3:28,P < :01).Models 3–6 show a similar pattern by county child poverty rate
and previous school spending. Models 4 and 5 reveal a relationship between
spending and achievement in high-poverty and low-spending counties that is
similar in magnitude to that in low-birth-weight counties. In contrast, the
spending-achievement relationship is null in low-poverty and high-spending
counties, and spending coefficients differ significantly by poverty and spend-
ing (z 5 2:86 and 2.54, P < :05).

DID estimates in table 2 also find variation by birth weight. Achievement
increased by 0.06 SDsmore in a county after a court decision supported higher
funding, compared to counties where the state supreme court did not rule in
favor of greater funding. This increase in achievement occurred only in low-
birth-weight counties; the change is null in other counties, and spending coef-
ficients differ significantly in high- and low-birth-weight counties (z 5 3:03,
P < :01).

Results in tables 1 and 2 support hypotheses 2a–2c: the relationship be-
tween spending and achievement is higher in areas with lower previous in-
vestments, including initial human capital, poverty, and spending. To test
hypotheses 1b and 2d, table 3 shows models predicting achievement sepa-
rately among low-income and high-income students in the same county. Con-
sistent with results in tables 1 and 2, the relationship between spending and
achievement is larger in low-birth-weight, high-poverty, and low-spending
TABLE 1 (Continued)

VARIABLE

BY BIRTH WEIGHT BY POVERTY BY SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

County-grade, cohort, and year
fixed effects . . . . . . . . . . . . . . . . . Yes Yes Yes Yes Yes Yes

Observations . . . . . . . . . . . . . . . . . . 6,550 8,253 7,886 7,470 7,782 7,300
R2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .91 .87 .87 .85 .86 .92
NOTE.—Achievement is in SD units. Data sources are 2009–18 SEDA, F-33, NVSS, and
SAIPE. Sample is limited to county-year observations with nonmissing data on achievement,
spending, birth weight, and control variables. Spending in thousands per pupil is adjusted for
inflation to 2018 dollars. High birth weight indicates counties in the bottom tercile of percentage
low birth weight. Low birth weight indicates counties in the top tercile of percentage low birth
weight.High and lowpoverty indicates counties in the top and bottom terciles of 2008percentage
child poverty. High and low spending indicates counties in the top and bottom terciles of 2008
spending per pupil. Robust SEs adjusted for county-level clustering in parentheses.

1 P < .10.
* P < .05.
** P < .01.
205



P

P

T

E

N

%

%

%

%

%

%

%

%

%

In

B

M

%

%

%

%

%

%

C

TABLE 2
Predicted Achievement by Previous Investment: Difference in Differences

VARIABLE

BY BIRTH WEIGHT BY POVERTY BY SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

ost � treat . . . . . . . . . . . . . . . . . . . 2.01 .06** .01 2.00 .01 2.00
(.02) (.01) (.01) (.02) (.02) (.01)

ost . . . . . . . . . . . . . . . . . . . . . . . . . 2.01 2.03** 2.02** .01 2.02 2.00
(.01) (.01) (.01) (.01) (.01) (.01)

reat (redundant with county
fixed effects) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
nrollment (log) . . . . . . . . . . . . . . . . 2.07 2.12 2.14 2.20 2.14 2.10

(.11) (.13) (.13) (.15) (.16) (.11)
umber of schools . . . . . . . . . . . . . . 2.00 2.00 2.00 .00 2.00 2.00

(.00) (.00) (.00) (.00) (.00) (.00)
urban . . . . . . . . . . . . . . . . . . . . . . 2.03 .02 2.01 .03 .01 .03

(.08) (.02) (.02) (.04) (.02) (.04)
suburban . . . . . . . . . . . . . . . . . . . 2.061 .041 .03 .06* .02 .07*

(.03) (.02) (.02) (.03) (.02) (.03)
town . . . . . . . . . . . . . . . . . . . . . . . 2.00 2.00 2.02 2.00 2.00 2.03

(.03) (.01) (.04) (.02) (.01) (.03)
American Indian in grade . . . . . . 1.04 22.04 2.45 1.37 2.15 .68

(.83) (1.93) (1.31) (.95) (.98) (.92)
Asian in grade . . . . . . . . . . . . . . . 2.74 2.46 .31 21.79 .31 2.51

(.92) (1.78) (.50) (1.70) (.62) (1.17)
Hispanic in grade . . . . . . . . . . . . .16 2.13 2.68 .28 21.091 .13

(.23) (.47) (.47) (.39) (.56) (.27)
Black in grade . . . . . . . . . . . . . . . .60 2.14 .84 .09 2.34 .04

(.86) (.32) (.61) (.34) (.43) (.57)
English learner . . . . . . . . . . . . . . .08 .66 2.28 .32 .10 .21

(.21) (.56) (.40) (.30) (.41) (.28)
individual education plan . . . . . . .00 2.48 2.41 2.671 2.861 2.08

(.23) (.42) (.51) (.40) (.51) (.23)
come segregation . . . . . . . . . . . . . .02 .02 .24 2.10 .09 .20

(.16) (.11) (.15) (.13) (.13) (.18)
lack-white segregation . . . . . . . . . 2.06 2.29** 2.00 2.14 2.09 2.14

(.09) (.10) (.10) (.09) (.09) (.12)
edian income (log) . . . . . . . . . . . . 2.04 .05 .06 2.01 2.13 .08

(.14) (.10) (.16) (.10) (.12) (.14)
B.A.1 education . . . . . . . . . . . . . .40 .41 .761 .03 .55 2.37

(.37) (.34) (.46) (.34) (.37) (.45)
poverty . . . . . . . . . . . . . . . . . . . . . 2.631 .16 .37 .20 .39 2.02

(.34) (.32) (.42) (.31) (.34) (.35)
unemployed . . . . . . . . . . . . . . . . . .23 .81* 2.11 .51 .87* 2.10

(.45) (.35) (.58) (.32) (.40) (.43)
SNAP receipt . . . . . . . . . . . . . . . . 2.36 2.21 2.26 2.42 2.25 2.40

(.41) (.32) (.63) (.29) (.35) (.34)
single mother household . . . . . . . 2.10 .601 2.02 .65* 2.20 1.06**

(.40) (.33) (.48) (.29) (.32) (.37)
free/reduced lunch in grade . . . . .01 2.02 .19 2.00 2.12 .01

(.16) (.07) (.18) (.08) (.10) (.15)
onstant . . . . . . . . . . . . . . . . . . . . . . 1.09 .25 .62 1.39 2.67 2.15

(1.93) (1.57) (2.13) (1.57) (1.77) (1.87)
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counties (see fig. 4). Spending coefficients differ significantly by birth weight
in both fixed effects and DID models when predicting achievement among
low-income students. Coefficients predicting low-income achievement also
differ by poverty and spending in fixed effects models. Spending coefficients
do not differ significantly at the 95% level when predicting high-income
achievement. Contrary to hypothesis 1b, spending benefits are smaller in high-
investment counties and are not limited to high-income students. Rather, re-
sults are generally consistent with hypothesis 2d: spending benefits emerge
mainly among low-income students, and differences by previous investments
are smaller among high-income students.
Alternative Explanations

We find evidence of diminishing returns with higher previous investments,
but other theories suggest we could overestimate the degree of variation in
spending returns. Higher spending benefits among disadvantaged students
could be due to changes in the distribution of funds: as spending increases it
could become more progressive, with higher spending in low-income dis-
tricts and schools. Once spending demands are met among high-income
families, states and districts may be able to devote additional funds primar-
ily to districts or schools with disadvantaged students. In this scenario, spend-
ing progressivity by income should increase with spending increases.
TABLE 2 (Continued)

VARIABLE

BY BIRTH WEIGHT BY POVERTY BY SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

Difference in post� treat coefficients:
Fz-scoreF . . . . . . . . . . . . . . . . . . . . 3.03** .62 .72

County and year fixed effects . . . . . Yes Yes Yes Yes Yes Yes
Observations . . . . . . . . . . . . . . . . . . 746 1,253 856 1,194 1,134 884
R2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .98 .96 .96 .95 .95 .97
NOTE.—Achievement year t 1 1 is in SD units. Data sources are 2009–18 SEDA, F-33,
NVSS, and SAIPE. Sample is limited to county-year observations with nonmissing data on
achievement, spending, birthweight, and control variables in states with a school finance court
case decision since 2009 (see fig. 1). “Post” indicates observations after the court decision.
“Treat” indicates court decision favored additional education funding. High birth weight indi-
cates counties in the bottom tercile of percentage low birth weight. Low birth weight indicates
counties in the top tercile of percentage low birthweight. High and low poverty indicates coun-
ties in the top and bottom terciles of 2008 percentage child poverty. High and low spending
indicates counties in the top and bottom terciles of 2008 spending per pupil. Robust SEs adjusted
for county-level clustering in parentheses.

1 P < .10.
* P < .05.
** P < .01.
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We use state-level measures of funding progressivity during 2009–18 from
the School Finance Indicators Database: the ratio of predicted spending per
pupil in districts with 30% poverty to that in districts with 0% poverty (Baker
et al. 2021). Tomeasure district-level spending progressivity, we useUniform
Chart of Accounts data on school-level spending from the Rhode Island
Department of Education (2010–18). Rhode Island is unique in providing
school-level spending data for several years before the Every Student Suc-
ceedsAct required all states to begin reporting this information by 2020. Lon-
gitudinal school-level spending data for all states would be ideal, but they do
TABLE 3
Coefficients Predicting Achievement by Family Income and Previous Investment

VARIABLE

BY BIRTH WEIGHT BY POVERTY BY SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

A. Fixed effects models:
Low-income achievement:
Spending/pupil 2018$ (log) . . . . . . . . . 2.01 .06** 2.04* .05* .041 2.01

(.02) (.02) (.02) (.02) (.02) (.02)
Difference in coefficients: Fz-scoreF . . . 2.56* 3.22** 1.901

High-income achievement:
Spending/pupil 2018$ (log) . . . . . . . . . .01 .041 2.01 .00 .04* .01

(.02) (.02) (.02) (.02) (.02) (.02)
Difference in coefficients: Fz-scoreF . . . 1.26 .40 1.27

B. Difference-in-differences models:
Low-income achievement year t 1 1:
Post � treat . . . . . . . . . . . . . . . . . . . . . 2.00 .07** .02 .031 .03 .01

(.02) (.02) (.01) (.02) (.02) (.01)
Difference in coefficients: Fz-scoreF . . . 3.31** .43 .75

High-income achievement year t 1 1:
Post � treat . . . . . . . . . . . . . . . . . . . . . 2.00 .03 .01 .01 .01 2.031

(.02) (.02) (.01) (.02) (.02) (.02)
Difference in coefficients: Fz-scoreF . . . 1.27 .31 1.791
208
NOTE.—Achievement is in SD units. Data sources are 2009–18 SEDA, F-33, NVSS, and
SAIPE. Sample is limited to county-year observations with nonmissing data on achievement,
birth weight, control variables, and spending (panel A) or in states with a school finance court
case decision since 2009 (panel B). Spending in thousands per pupil is adjusted for inflation to
2018 dollars. “Post” indicates observations after the court decision. “Treat” indicates court de-
cision favored additional education funding. Low-income students are defined by the state as
economically disadvantaged. High-income students are not economically disadvantaged. High
birth weight indicates counties in the bottom tercile of percentage low birth weight. Low birth
weight indicates counties in the top tercile of percentage lowbirthweight. High and lowpoverty
indicates counties in the top and bottom terciles of 2008 percentage child poverty. High and low
spending indicates counties in the top and bottom terciles of 2008 spending per pupil. All models
include county and year fixed effects and all time-varying controls included in tables 1 and 2.
Robust SEs adjusted for county-level clustering in parentheses.

1 P < .10.
* P < .05.
** P < .01.



FIG. 4.—Coefficients predicting achievement by previous investment. A, Fixed effects
models (estimates in table 1); B, difference-in-differences models (estimates in table 2).
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not exist for the years of this study, andwe therefore estimate the relationship
between spending and district-level progressivity in one state. District-level
spending progressivity is the (logged) ratio of spending on the average low-
income student (eligible for free/reduced-price lunch) to the average non-low-
income student in each district (Ejdemyr and Shores 2017). For both state- and
district-levelmeasures,highervalues indicatemoreprogressive spending.Spend-
ing ratios are unequal due to unequal spending and unequal distribution of
students across schools within districts and across districts within states.
We estimate the extent to which spending progressivity changes in a dis-

trict as per pupil spending changes. We predict spending progressivity with
per pupil spending, district and year fixed effects, and the same controls in
the main analyses, measured at the district level. We use the same approach
to predict changes in state spending progressivity, with state and year fixed
effects and state-level controls. The coefficient for spending estimates the ex-
tent to which spending progressivity changes as spending increases in the
district or state.
Results are not consistent with the progressivity explanation. Table 4

shows estimates predicting district and state progressivity of the distribution
of spending. In Rhode Island districts, spending increases are not related to
more progressive spending across schools by student income. Using national
state-level data, estimates in table 4 also find no relationship between spend-
ing and spending progressivity. Results are also null in DID models.
A second theory suggesting overestimated variation in returns is ceiling ef-

fects. Advantaged students may have less room to improve test scores if they
already have high achievement. Achievement data from an assessment that
uses item response theory reduce the chance of ceiling effects (Fries, Rose,
and Krishnan 2011) because test responses are analyzed using the student’s
performance on the whole test and the likelihood of answering specific ques-
tions correctly. In addition, evidence suggests limited ceiling effects on esti-
mates of achievement growth and on National Assessment of Educational
Progress scores, which are used in SEDA data (Linton and Kester 2003;
Coedel and Betts 2010).
Nevertheless, we take steps to assess potential ceiling effects and present

results in a supplemental online appendix. If ceiling effects explain the var-
iation, we expect to find no variation in the relationship between spending
and student characteristics when limited to counties with consistently high
achievement. Table S1 (tables S1–S12 are available online) tests the ceiling
effects explanation by limiting analyses to counties in the top achievement
tercile. Spending coefficients do not differ significantly by birth weight in
fixed effects models but do differ in DIDmodels. Coefficients are also larger
in high-poverty counties infixed effectsmodels and in low-spending counties
in both fixed effects andDIDapproaches. Thus, results suggest that achieve-
ment benefits of spending still vary by previous investments among counties
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in the top achievement tercile. We also predict an alternative outcome var-
iablewith no ceiling: home values. Results (table S2) reveal that spending co-
efficients also differ by previous investment when predicting county home
values. Overall, results are not consistent with a ceiling effects explanation
for our results.

A third theory suggests we could overestimate variation if the same dollar
increase in disadvantaged areas is a larger relative increase in spending.
Child development research finds that family income improves child perfor-
mance on a variety of academic outcomes, and the benefit is larger among
children in low-income families (Dearing, McCartney, and Taylor 2001;
TABLE 4
Coefficients Predicting District and State Progressivity

of School Spending per Pupil

VARIABLE

DISTRICTS (year t) STATES (year t)

Baseline Controls Baseline Controls
(1) (2) (3) (4)

A. Fixed effects models:
Spending/pupil 2018$ (log) . . . . .13 .05 .04 .08

(.54) (.29) (.10) (.13)
Observations . . . . . . . . . . . . . . . 327 230 1,220 504
R2 . . . . . . . . . . . . . . . . . . . . . . . . .25 .75 .86 .91
Number of districts or states . . . 37 35 51 51

STATES (year t) STATES (year t 1 1)

B. Difference-in-differences models:
Post � treat . . . . . . . . . . . . . . . . 2.04 2.03 2.09 2.05

(.05) (.08) (.05) (.04)
Observations . . . . . . . . . . . . . . . 494 189 475 170
R2 . . . . . . . . . . . . . . . . . . . . . . . . .78 .89 .79 .89
Number of states . . . . . . . . . . . . 19 19 19 19
NOTE.—Data sources are Rhode IslandDepartment of Education (2010–18), School Finance
Indicators Database 2009–18 (Baker et al. 2021), F-33, and SEDA 2009–18. Sample is limited to
observations with nonmissing data on spending progressivity, control variables, and spending
(panel A) or in states with a school finance court case decision since 2009 (panel B). Spending in
thousands per pupil is adjusted for inflation to 2018 dollars. “Post” indicates observations after
the court decision. “Treat” indicates court decision favored additional education funding.Within-
district spending progressivity is the (log) ratio of spending on the average low-income student
(eligible for free/reduced-price lunch) to the average non-low-income student in each district in
Rhode Island. Models predicting within-district progressivity include district and year fixed ef-
fects and the same time-varying controls included in tables 1 and 2,measured at the district level.
Between-district spending progressivity is the state-level ratio of predicted spending per pupil
in districts with 30% poverty to that in districts with 0% poverty (Baker et al. 2021). Models
predicting between-district progressivity include state and year fixed effects and the same
time-varying controls included in tables 1 and 2, measured at the state level. Robust SEs adjusted
for geographic clustering in parentheses.

1 P < .10.
* P < .05.
** P < .01.
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Dahl and Lochner 2012). This finding could reflect diminishing returns to
income or a larger relative increase in income. Consider two hypothetical
schools: one with low-income students spends $10,000 per pupil, and a sec-
ond with higher-income students spends $15,000 per pupil. If both schools
increase spending by $1,000, low-income student achievement may increase
more, not from a higher return to each dollar spent but because spending in-
creased by 3 percentage points more than in the higher-income school.
Our analyses use log-transformed spending to incorporate relative changes.

Given the same relative increase in spending, our estimates suggest higher
benefits in areas with lower previous investments. In addition to our main
analyses, we test whether the relationship between achievement and spending
varies by human capital and income when holding constant previous spend-
ing. Table S3 repeats the estimates in tables 1 and 2 when controlling for
spending in the previous year. Results indicate that the benefits of spending
still differ by initial human capital and poverty when controlling for previous-
year spending. Thus, higher returns in counties with lower previous invest-
ments do not appear to be due to a larger relative increase in spending.
Sensitivity Analyses

Results of sensitivity analyses are provided in the supplemental online ap-
pendix. First, results (table S4) are consistentwith themain analyses (tables 1
and 2)when predicting county-grade-year observations and including county-
cohort and grade rather than county fixed effects. Results (table S5) are also
consistentwhen including county-grade and cohort rather than county fixed
effects.While themain analyses examinewithin-county variation over time,
these estimates examine variation over time within the same county and
grade or cohort. Second, results are consistent when excluding observations
with outlying values of per pupil spending (table S6). Third, we repeat anal-
yses using three alternative specifications of academic cohort and when as-
signing birth weight tercile on the basis of the rate of low birth weight for
each county-cohort observation rather than the county average across all
cohorts. Results (table S7) are similar to those in the main analyses.
Fourth, we use two alternative measures of initial human capital: county

pretermbirth rate and the sumof county rates of pretermand lowbirthweight.
Results (table S8) are consistent with the main analyses and add further
evidence of higher spending returns in counties with low initial human cap-
ital (hypothesis 2a).
Fifth, results (in table S9) are consistent when allowing the effect of en-

rollment on achievement to vary over time. Sixth, table S10 shows estimates
for lag and lead spending measures in fixed effects models. There is no evi-
dence that spending in a future year influences current-year achievement.
Current-year spending remains marginally related to higher achievement in
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low-birth-weight counties, even when controlling for previous- and future-
year spending. Table S11 shows estimates of a profunding decisionwhen lim-
iting the sample to observations in years before and after the court decision.
Two years before the decision, achievement is higher in low-birth-weight
counties with a profunding decision, which raises some concern about the
exogeneity of court decisions. This could suggest that courts in states with
high achievementmay bemore likely to rule in favor of school funding. How-
ever, achievement is consistently unrelated to a profunding decision in high-
birth-weight counties and is unrelated to a profunding decision in the year
before and the year of the court decision in both low- and high-birth-weight
counties. Achievement is significantly higher in years 2 and 3 after a pro-
funding decision in low-birth-weight counties and does not differ signifi-
cantly by court decision in high-birth-weight counties. Furthermore, results
are consistent using the doubly robust DID estimator to address heterogene-
ity in timing (csdid; Callaway and Sant’Anna 2020; Sant’Anna and Zhao
2020) and suggest no effects before the court decision and significantly larger
benefits of a profunding decision in low-birth-weight counties (table S12).
Overall, results provide little evidence that changes in achievement precede
the treatment.
CONCLUSION

The equity-efficiency trade-off argument and cumulative return theories pre-
dict larger returns to school spending in areas with higher previous invest-
ment, because redistributing funds is considered inefficient and those with
more initial human capital are expected to benefit more from later invest-
ments (Okun 1975; Heckman 2000; Cunha and Heckman 2007; Johnson
and Jackson 2019). If school spending yields larger benefits in areas that al-
ready invest more in children, then an equal increase in school spending
across all communities would increase inequality of achievement. We link
10 years of county-level panel data (2009–18) from the SEDA and F-33 fi-
nance data with administrative birth data from National Vital Statistics
to assess how achievement returns to school spending vary between counties
with low and high levels of previous investment.

Achievement returns to school spending are consistently higher among
counties with low initial human capital. Achievement increases by an aver-
age of 0.01 SDswith a 10% increase in per pupil spending in low-birth-weight
counties. Compared to other education interventions, this achievement return
to spending in low-birth-weight counties represents a small-moderate cost ef-
fectiveness ratio at mean spending (Kraft 2020). Even controlling for previous-
year spending, the achievement return in low-birth-weight counties is over
20 times larger than that in high-birth-weight counties (0:062=0:003 5 20:7).
The variation in returns by birth weight holds when using school finance
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court case decisions to address potential endogeneity in spending and in a se-
ries of sensitivity checks, including alternative measures of human capital.
Spending benefits are also larger in counties with high child poverty and
low previous school spending, and the variation in returns by previous invest-
ment is larger among low-income students than among high-income students.
We examine several potential explanations for variation in returns to

spending, includingdiminishing returns, changes in the distribution of spend-
ing, ceiling effects, and relative spending changes. Results aremost consistent
with diminishing returns to school spending at high levels of previous invest-
ments. That is, school spending returns are higher in areas with low previous
investment and diminish in areas with higher investment. Diminishing re-
turns have been found for time investment in child academic achievement
(Walberg and Tsai 1984). While some evidence suggests returns to spending
do not diminish by baseline school spending (Jackson andMackevicius 2021),
we find evidence of diminishing returns to school spending by initial human
capital. This study compares returns to school spending using the same mea-
sures and methods, which makes estimates more directly comparable than in
recent work (Jackson and Mackevicius 2021). Examining variation by multi-
ple measures of previous investments, evidence from this study suggests that
returns to school spending for achievement may diminish over previous—par-
ticularly early—investments.
Our finding that spending benefits vary by county birth weight has impli-

cations for racial equality. The proportion of Black students is much higher
in low-birth-weight counties than in high-birth-weight counties (30% and
2%, respectively; table A2 provides descriptive information). Higher returns
to school spending in low-birth-weight counties therefore suggest higher re-
turns in counties with a high proportion of Black students. Directing more
education funds to low-birth-weight counties has potential to reduce Black-
white achievement gaps, given higher returns to spending and higher concen-
trations of Black students in those counties compared to others. School spend-
ing may also increase equality of achievement within counties: figures S3 and
S4 compare spending estimates by student income and by race. Estimates tend
to be larger among low-income students and in some cases among Black stu-
dents, compared to higher-income and white students. Potential variation in
spending returns by race warrants future study.
Higher spending returns in counties with a high concentration of Black

students suggest that community reparations invested in local organizations,
including schools, can help increase racial equality (Kaiman 2016; Darity
andMullen 2020). Our results also add to concerns about accountability pol-
icies that base school funding on achievement (Jennings and Bearak 2014;
Jennings and Sohn 2014). At the same time, the relatively small effect sizes
for K–12 school spending echo evidence that earlier or other types of invest-
ments may increase equality more effectively (Downey and Condron 2016;
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Heckman 2000; Cunha and Heckman 2007). Achievement gaps are formed
before children begin school (Hart andRisley 1995; Downey et al. 2004), and
closing them therefore requires investing in children and families before and
outside of school (Downey 2020). However, evidence comparing benefits of
public policies finds large returns to investments throughout childhood, in-
cludingK–12 school funding (Hendren and Sprung-Keyser 2020).We exam-
ine short-term effects on achievement, and school spending could yield larger
benefits later in childhood and in adulthood. Results of this study show the
value of investing in low-resource communities but cannot identify the most
effective target of that investment. Future research could examine variation
in effects of spending earlier in childhood and on longer-term outcomes, such
as high school graduation and unemployment, to identify the most effective
investments.

This studyhas several other limitations.First,we examine the relationshipbe-
tween spending and achievement at the county level. Rigorous individual-level
studies alsofind that investments—including school spending—have larger ben-
efits among disadvantaged children (Jackson et al. 2016). However, invest-
ments may work differently at the individual and aggregate levels because
of spillover effects or institutional changes. For example, teachers may be
more likely to alter their level of teaching on the basis of aggregate but not
individual human capital. Second, the data provide limited ability to identify
mechanisms. Potential mechanisms relate to how teachers and schools dis-
tribute resources and time. For example, higher school spending could allow
teachers to give studentswith lower skill levelsmore attention. Richmicrolevel
data would be required to investigate these relationships. Third, we take steps
to address potential endogeneity, but our estimates could be biased by unob-
served heterogeneity. Finally, we focus on achievement rather than longer-
term outcomes, which evidence suggests are more dependent on school spend-
ing (Jackson et al. 2016). Future research on longer-term outcomes would be
valuable.

Despite these limitations, this study contributes to knowledge about how
schools reduce inequality. Research in sociology of education and stratifica-
tion often identifies how schools reproduce inequality; comparatively less is
known about how schools reduce inequality (Downey 2020; DiPrete and
Fox-Williams 2021).Despite substantial inequalities,we know that schools in-
crease equality of achievement overall by providingmore equal contexts than
studentswould experience outside of school (Downey et al. 2004; Raudenbush
andEschmann 2015). Beyond increasing equality of context, our results con-
sistently suggest that school spending also improves equity by increasing
equality of outcomes: achievement benefits of school spending are larger in
areas with fewer advantages, including low human capital and high poverty.
Coupled with existing evidence that school spending has stronger effects for
low-income and nonwhite students (Biddle and Berliner 2002; Lafortune
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et al. 2018; Rauscher 2020a, 2020b), our results suggest that schools increase
not only equality of context (Downey et al. 2004; Raudenbush andEschmann
2015) but also equality of outcomes (equity).
Progressive school funding is typically justified for equity reasons: low-

income students and communities have higher needs, and it costs more to
achieve a given level of achievement (Baker 2017). Examining variation in
the relationship between changes in spending and achievement, we find higher
returns to spending in areas with low initial human capital, high child poverty,
and low previous spending. Higher returns to school spending in areas with
lowerprevious investments in children suggests that progressive school spend-
ing ismore efficient.Results contribute to evidence that equality and efficiency
are not necessarily a trade-off (Okun 1975;Brighouse et al. 2018) and that pro-
gressive investments in children can be both equalizing and efficient.
APPENDIX

TABLE A1
State Supreme Court School Finance Case Decisions, 2009–18

School Finance Court Case
Profunding
Decision

Compliance
Case

Bonner v. Daniels (Ind.) 2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Comm. for Educ. Equality v. State of Mo. 2009 . . . . . . . . . . . . .
Pendleton School District v. State of Oregon 2009 . . . . . . . . . . . .
Conn. Coalition for Justice in Educ. Funding,
Inc. v. Rell 2010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ✓

Davis v. State of S.D. 2011 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Abbott v. Burke (N.J.) 2011 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ✓ ✓
California Sch. Bds. Assn. v. State 2011 . . . . . . . . . . . . . . . . . . . . ✓
McCleary v. State (Wash.) 2012 . . . . . . . . . . . . . . . . . . . . . . . . . . ✓
Hoke Cnty. Bd. of Ed. v. State of N.C. 2012 . . . . . . . . . . . . . . . . ✓ ✓
Deer/Mt. Judea School District v. Kimbrell (Ark.) 2013 . . . . . . . ✓ ✓
Lobato v. State of Colorado 2013 . . . . . . . . . . . . . . . . . . . . . . . . .
Louisiana Fed. of Teachers v. the State of Louisiana 2013 . . . . . ✓
Abbeville Cnty. Sch. Dist. v. the State of South
Carolina 2014 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ✓

Gannon v. State of Kansas 2014 . . . . . . . . . . . . . . . . . . . . . . . . . . ✓
Woonsocket Sch. Comm. v. Chafee (R.I.) 2014 . . . . . . . . . . . . . .
S.S. v. the State of Michigan 2014 . . . . . . . . . . . . . . . . . . . . . . . .
City of Dover v. State of New Hampshire 2016 . . . . . . . . . . . . . . ✓
Morath v. the Texas Taxpayer and Student Fairness Coalition
et al. 2016 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maisto v. State of New York 2016 . . . . . . . . . . . . . . . . . . . . . . . . ✓
216
NOTE.—Court cases and decisions gathered from Rebell (2017), Baker et al. (2021), and the
Education LawCenter (https://edlawcenter.org). The first court case in each state is listed, with
adequacy or equity cases taking precedence over compliance cases. Profunding states are those
in which the court decision favored additional education funding. Not profunding states are
those in which the court decision was not in favor of additional education funding.

https://edlawcenter.org
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TABLE A3
DID Coefficients Predicting Spending

VARIABLE

BY BIRTH

WEIGHT

BY

POVERTY

BY

SPENDING

High Low Low High Low High
(1) (2) (3) (4) (5) (6)

A. Including outlying values of spending/pupil:
Spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . 2.00 .05** .03 .04* .01 .02

(.03) (.02) (.02) (.02) (.02) (.02)
Difference in coefficients: Fz-scoreF . . . . . . 1.48 .32 .18

Total current spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . .01 .02* .02** .01 .02** .01

(.01) (.01) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . .24 1.17 1.18

Instructional spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . .021 .03** .04** .02* .02** .03**

(.01) (.01) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . .60 1.23 .88

Revenue/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . 2.00 .05** .05** .04** .02 .04**

(.02) (.02) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . 2.13* .49 .78

B. Excluding outlying values of spending/pupil:
Spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . .01 .05** .03 .03* .01 .02

(.03) (.02) (.02) (.02) (.02) (.02)
Difference in coefficients: Fz-scoreF . . . 1.20 .09 .24

Total current spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . .01 .02* .02** .01 .02** .01

(.01) (.01) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . .27 1.18 1.11

Instructional spending/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . .021 .03** .04** .02* .02** .03**

(.01) (.01) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . .58 1.27 1.02

Revenue/pupil year t 1 1 (log):
Post � treat . . . . . . . . . . . . . . . . . . . . . . . . 2.00 .05** .05** .04** .02 .03**

(.02) (.02) (.01) (.01) (.01) (.01)
Difference in coefficients: Fz-scoreF . . . . . . 1.901 .69 .74
NOTE.—Data sources are 2009–18SEDA,F-33,NVSS, andSAIPE. Sample is limited to county-
year observations with nonmissing data on achievement, birth weight, control variables, and
spending in stateswith a schoolfinance court case decision since 2009. Sample in panelB further
excludes outlying observations of spending/pupil—more than three times the interquartile range
above the 75th percentile. Spending in thousands per pupil is adjusted for inflation to 2018 dol-
lars. “Post” indicates observations after the court decision. “Treat” indicates court decision fa-
vored additional education funding. High birth weight indicates counties in the bottom tercile
of percentage low birthweight. Lowbirthweight indicates counties in the top tercile of percentage
low birth weight. High and low poverty indicates counties in the top and bottom terciles of 2008
percentage child poverty. High and low spending indicates counties in the top and bottom terciles
of 2008 spending per pupil. All models include county and year fixed effects and all time-varying
controls included in tables 1 and 2. Robust SEs adjusted for county-level clustering in parentheses.

1 P < .10.
* P < .05.
** P < .01.
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