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In this paper we study the effects of school finance reforms on the distribution of school
spending across richer and poorer districts, and the effects of spending equalization on the
distribution of student outcomes across children from different family backgrounds. We use
school district data from the 1977 and 1992 Censuses of Governments to measure the correlation
between state funding per pupil and median family income in each district. We find that states
where the school finance system was declared unconstitutional in the 1980s increased the relative
funding of low-income districts. Increases in state funds available to poorer districts led to
increases in the relative spending of these districts, and to some equalization in spending across
richer and poorer districts. We then use micro samples of SAT scores from this same period to
measure the effects of spending inequality on the inequality in test scores between children from

different family backgrounds. We find some evidence that the equalization of spending across

districts leads to a narrowing of test score outcomes across family background groups.
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The U.S. system of elementary and secondary education was founded on the principles of
local financing and local control. In the early part of this century, for example, there were over
125,000 individual school districts in the country, funded almost exclusively by local property taxes.
Although state governments have gradually taken on a bigger share of public school financing, local
funding remains a critical -- and contentious -- aspect of almost all state systems. The tendency of
wealthier districts to spend more per student than poorer districts has led to constitutional challenges
of the school financing systems in many states, and to State Supreme Court orders overturning the
systems in some 20 states since 1971." At the same time, voter resistance to rising property taxes has
led to strict limits on local tax revenues in many states, forcing legislatures to redesign the system of
funding for public schooling (Figlio, 1997).

In this paper we analyze the nature and consequences of school finance reforms in the
individual states over the 1980s. We begin by examining the record of litigation from the late 1970s
to the early 1990s and the corresponding history of legislative changes in state financing formulas.
We then turn our attention to quantifying the effects of school finance reform. We focus on one
critical dimension of state education policy: the relative level of state funding provided to richer and
poorer districts. Specifically, we characterize each state by the slope of the relationship between state
funding per capita and median family income in a district. By this metric, a state financing system is
more "equalizing” if the slope is more negative (i.e., if districts with higher income receive less state
funding on average). We find that states where the existing financing system was found
unconstitutional tended to adopt more equalizing funding formulas over the 1980s. Even in the

absence of court actions, however, legislatively-induced school finance reforms that reduced or

'A 1971 California court case, Serrano v. Priest, is widely credited with launching the school
finance reform movement of the past two decades. Murray, Evans, and Schwab (1997, Table 1)
present a tabular summary of recent litigation.
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eliminated flat grants and enlarged the share of state funding based on the district's "ability to pay"
led to equalizations in many states.

While changes in the state funding formula may shift the relative amounts of state aid received
by richer and poorer districts, they do not necessarily lead to parallel changes in spending. For
example, school districts may reduce local taxes in response to an increase in the amount of state aid.
We study the extent of this substitution in a simultaneous equations framework, using judicial and/or
legislative actions as instruments for the changes in the slope of the relationship between state funding
and district income. Consistent with previous research on the "flypaper effect" of targeted grants,
our findings suggest that a one-dollar increase in state funding increases district spending on
education by 50 cents to $1.00. Nevertheless, we find that inequality in local revenues per student
widened between richer and poorer districts over the 1980s, partially offsetting the equalizing effects
of changes in state aid formulas in many states.

The second part of the paper focuses on the consequences of school finance reform.
Advocates of reform argue that closing the gap in per-capita expenditures across richer and poorer
school districts will narrow the gap in student outcomes between richer and poorer families in a state.
To evaluate this argument we construct average SAT scores for children from five parental education
groups using large samples of SAT-takers from the late 1970s and early 1990s.2 A major limitation
of the SAT is the non-random character of the test-taking population: the fraction of high school
seniors writing the SAT varies enormously across states, and there is a strong correlation between

mean SAT scores and the fraction of SAT writers across states (e.g. Dynarski, 1987). Building on

?Qur SAT data sets provide only noisy information on family income. Since education is a very
good proxy for "permanent income", we decided to use parental education, rather than income, to
define family background groups. See below.
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recent research on semi-parametric selection models, we use functions of the estimated fraction of
high school students who write the SAT to control for selection biases that vary by state and family
background group. Cross-sectionally, we find that the relative test scores of the children of less-
educated parents are higher in states where school spending is more equally distributed between
richer and poorer districts. Over time within states, however, the correlation between changes in the
test score gaps between different family background groups and the changes in the income-gradient
of district spending inequality is weak. On balance we believe that the data are consistent with a
modest effect of spending equalization on the distribution of test score outcomes, but by no means

decisive,

I. The Evolution of School Financing Formulas Over the 1980s

Although state and federal governments originally played a relatively minor role in the
financing of U.S. public schools, some support has always come from the state level -- primarily to
help fulfill minimum education mandates laid out in state constitutions. During the early part of this
century state aid was typically distributed under "flat grant" programs according to the number of
schools or teachers in a school (Augenblick, Fulton and Pipho, 1991). In the 1930s many states
shifted their financing formulas to take account of individual districts' tax bases. Many states also
increased the total funds available for elementary and secondary schools. As a consequence, the
average share of state funding had risen to 30 percent by 1940. Over the next three decades the state
share gradually increased to an average of 40 percent by 1970.

Major reforms of state financing plans began again in earnest in the mid 1970s and have

continued to the present. The recent wave of reforms can be traced to three inter-related factors.
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First, because of disparate rates of economic growth (especially between urban and suburban
districts), the average incomes and tax bases in different districts have grown at very different rates.?
Differing demographic trends have further widened the disparities in the tax base per student, leading
to rising inequality in per capita spending across districts and demands for equalization. Second, over
the 1970s and 1980s educators and legislators became increasingly concerned with funding "special
needs” students, thereby introducing a new source of funding disparities across districts with differing
student populations. Third, taxpayers in many states became disgruntled with the level of property
taxes.

These underlying forces have led to two sources of explicit pressure for school finance reform.
In states like California and Massachusetts voters approved ballot initiatives (Proposition 13 in
California and Proposition 2%z in Massachusetts) placing strict limits on local property tax rates. By
the late 1980s as many as 20 states had adopted some form of limitation on local spending or revenue
(Figlio, 1997). At the same time parents in poorer school districts have launched legal challenges to
the school finance systems in many states. Typically these cases argue that the financing system
violates a provision of the state constitution guaranteeing a basic level of education for all children.*

Table 1 summarizes the education financing plans and the state Supreme Court decisions in
the 48 mainland states during the period from 1975 to 1991. Twenty-seven states had a Supreme

Court ruling on the constitutionality of the school financing system during this period. In the 12

The Census data that we use below show that the average coefficient of variation in median
family incomes across districts in a state widened by about 30 percent between 1979 and 1989.

“The pivotal Serrano v Priest case was brought in federal court and successfully argued that
California's school financing plan violated the equal protection clause of the US Constitution.
Subsequently the US Supreme Court has ruled that education is not a fundamental right under the
US constitution. Since this decision, all cases have been filed in state courts.
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states listed in panel I, the state Supreme Court ruled the funding formula was unconstitutional and
directed the state to revise its formula. In the 15 states listed in panel II, the Supreme Court ruled
that the state system satisfied the constitution. Finally, in the 21 states listed in panel III, there was
either no challenge, or no ruling from the Supreme Court, in the period from 1975 to 1991.
School funding formulas are classified into three broad categories in Table 1: flat grant
formulas, so-called "minimum foundation" plans, and variable grants. Many state funding systems
actually incorporate more than one of these alternatives, although the share of funding allocated
through a particular formula may be small. While not shown in the table, most states also offer
categorical aid for such purposes as bilingual education, gifted student programs, or transportation.
A flat grant (FG) formula provides a fixed dollar sum per student to each school district. By
their nature, flat grant plans have little impact on the equality of resources across districts, nor do they
shift the marginal cost to the district of spending one extra dollar on educational expenditures (i.e.
the tax price of local expenditures). The other two systems, by comparison, provide differing
amounts of aid to different districts. Under a minimum foundation plan (MFP), a state determines
the minimum amount it expects to be spent per pupil in all districts (the "foundation level") and a level
of local revenue that a given district is expected to generate. The latter is typically based on an
estimate of the property tax base of the district. The state then provides the difference between the
foundation level and the minimum local revenue.® The state may or may not require a district to meet

a minimum local revenue target to receive state funding. In most instances (California being an

*In reality the minimum foundation amount is often a budgetary residual, determined by
working backward through the funding formula given the total pool of funds allocated by the state
for school finance equalization. See Ohio Governor's Education Management Council (undated)
for a discussion of this phenomenon in Ohio.
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exception), the state does not restrict the maximum revenue a district may raise. An important
feature of MFP's is that the amount received from the state is independent of the amount raised from
local revenues. Thus, like flat grant programs, MFP's do not affect the tax price of local education
expenditures.

Variable grant (VG) schemes differ from flat grants or MFP schemes in that the amount of
state aid received by a district varies with the amount of local revenues actually raised. Under a
"guaranteed tax yield" system, for example, the state sets a target level of revenues per student for
a given local tax rate, and pays the difference between the target revenue level and the district's actual
yield.® In principle the state grant could be negative under such a system -- a situation termed
"recapture" -- although most states explicitly limit the minimum grant per student.” An alternative
VG system, known as a "percentage equalization" scheme, varies the state grant with actual
expenditures per pupil, multiplied by a ratio that is declining in the fiscal capacity of the district
(usually the local property tax base at a fixed assessment rate). Like MFP's, variable grant schemes
offer higher state grants to poorer districts, and would be expected to equalize spending across
districts. Variable grant schemes may also distort the marginal tax price of additional education

spending. For poorer districts a VG scheme operates like a matching grant, implying a marginal tax

SLet B represent the district tax base per student and t the tax rate. State aid per student is
then R'(t)-tB, where R’(t) is the guaranteed yield per student at tax rate t. A "guaranteed tax
base" system sets R'(t) = tB”, where B’ is the guaranteed tax base per pupil.

"Recapture from one state aid formula may reduce the state grants paid through other
programs, such as categorical aid for gifted students.
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price of less than $1 for each additional $1 of education spending. For richer districts a VG scheme
may create a marginal tax price of well over $1.2

The second and third columns of Table 1 show the incidence of the three types of formulas
in the mid-1970s and early 1990s. The most common state funding formula is a MFP: 15 states relied
exclusively on MFPs in 1975-76, while 25 states did so in 1991-92. In the mid-1970s 13 states used
a combination of MFP and flat grants: by the early 1990s this number had fallen to 6 (mainly by the
elimination of the FG component). Flat grants were used as the sole basis of funding in 6 states in
the mid 1970s but in only one state in the early 1990s (North Carolina). In the last column of Table
1 we report our assessment of the likely effect of the funding formula changes that occurred in each
state with respect to inter-district spending inequality. For example, a state that replaced a FG system
with a MFP would be classified as "more equal”.

Among the 12 states with a Supreme Court ruling against the constitutionality of the school
finance system, five changed the structure of their financing plans between 1975-76 and 1990-91.°
All five switched to schemes that would promote greater equalization. Among the 15 states where
the Supreme Court reached a decision declaring the school finance system constitutional, 12 states
changed the structure of their financing schemes between 1975-76 and 1990-91. Nine of these
switched to schemes that would be éxpected to promote greater equalization. Finally, of the 21 states

with no Court rulings between 1970 and 1992, 12 changed the structure of their financing schemes

*Hoxby (1996) has emphasized the effect of different state funding schemes on the marginal tax
price of school expenditures. See also Downes and Figlio (1997).

*States may have also changed the way they calculate the components of their funding formulas
-- for example, by changing the definition of full-time enroliment. Such changes are not reported
in Table 1.
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between 1975-76 and 1990-91. Eight of these switched to a scheme that would be expected to
promote equalization. Based on these comparisons it is difficult to conclude that the pressure of an
adverse court ruling or a court case had much effect on the general trend among states toward more
"equalizing" funding formulas. It should be noted, however, that a simple count of the types of
formulas makes no allowance for changes in the parameters of existing plans, or for the extent of

equalization built into a particular formula.

II. Modeling Between-District Inequality in State Funding and Expenditures
a. Overview

Rather than try to model the school funding formulas for each state in detail, in this paper we
choose to focus on a single dimension of state funding plans and their associated expenditure
outcomes -- namely, the extent to which state revenues and total spending vary with family income
across school districts.'® There are three reasons for this focus. First, much of the controversy over
school financing arises from the disparity in spending between richer and poorer school districts. Our
reading of the constitutional challenges that have been mounted against school finance systems is that

spending inequality per se is not a primary concern. Rather it is the fact that higher-income districts

YEarlier studies, using data on average per pupil spending at the state level, also focused on the
relationship between spending and average income to investigate whether spending in states with
court-ordered reforms differed from states without court-ordered reforms (Downes and Shah,
1994; Silva and Sonstelie, 1993; Manwaring and Sheffrin, 1994). Downes and Shah (1994)
summarize the findings in these earlier studies.
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can (and do) spend more per pupil than lower-income districts, while imposing lower property tax
rates, that has troubled judges and legislators."'

Second, conventional economic models suggest that income or wealth levels in a district will
be a key determinant of school spending. For example, the median voter-based model developed by
Bergstrom and Goodman (1973) implies that a district's school spending choice is the optimal choice
for the median income household in the district. Similarly, strict Tiebout-style models predict that
households with similar incomes will sort into homogenous communities, leading to spending
differentials across districts that reflect the Engel curve for education.' More recent "political
economy"-based models of spending choices (e.g. Romer, Rosenthal, and Munley, 1992) also
emphasize the role of median (or average) income in a district as a determinant of district spending.

Finally, from a pragmatic point of view, the partial correlation between average income in a
district and state revenues or district spending provides a simple "reduced form" summary of a state's
financing system or expenditure outcomes that can be easily compared across states and used to
quantify the effects of finance reform. As shown below, we can also use such a summary measure

to evaluate the effects of school finance reform on student outcomes.

"This is spelled out very clearly in the recent decision of the New Hampshire Supreme Court
which found the state's school finance system unconstitutional. In its opinion, the court wrote
that ..."compelling taxpayers from property-poor districts to pay higher tax rates and thereby
contribute disproportionate sums to fund education is unreasonable" (New Hampshire Supreme
Court, 1997).

?As noted by Goldstein and Pauly (1981), if demand for public education expenditures
depends on both income and tastes, and if families are mobile across districts, then the slope of the
relationship between district-level spending and district-level incomes will overstate the slope of
the true (underlying) Engel curve for education spending.
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To proceed, let Ey, represent average per capita expenditures in school district d, state j, and
year t, let Sy represent state revenues per capita received in the district, let I, represent median
family income in a district, and let X represent a vector of other characteristics of the district that
may influence the level of school spending -- such as location in an urban versus rural area. The
reduced form relationships between state revenues and spending, on one hand, and the exogenous
variables I and X, on the other, are represented by:

(D Sge= oyt ﬁljx T + ¥ e Xgge + ugyes

(2) Ey = oy + sz: Ly + ¥ X + Vit -

Note that we interpret (1) and (2) as state-and-year-specific projections of per capita state funding
and per capita expenditures on district income and other characteristics: we do not assume the state
funding formula generates a linear relationship between state funding and income, or that the Engel
curve for school expenditures is necessarily linear. The coefficients 8, and B, provide simple
summary measures of the degree of association between state funding or total spending and district-
level income. In this context, a more "equalizing" state revenue formula is one with a more negative
B,, while a state with more "equal" spending outcomes is one with a more negative B,.

The coefficients B, and {3, are linked by the district-level budget constraint and by the
responsiveness of local tax generation to the availability of external funding. In particular,

Edjt = det + Ldjt + Fg,
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where Ly, represents local revenues raised per capita in district d, state j and period t, and F
represents per-capita federal grants received by the school district."® Assume that federal aid is
distributed by a formula that generates approximately the same income-slope in different states:
(3) Fy =0y + B Ly + Y3 Xy + Wy
Finally, assume that local revenues are determined by a structural equation:
4) Ly =a+ by Lyt ¢ X-0Sg -pFy+ &

where o represents the slope of school districts' "reaction function" to changes in the amount of state
revenues available,'* and p is a similar parameter representing the responsiveness of local revenues
to changes in federal aid. Equations (1)-(4) imply that the income-gradient of spending per pupil is
() By = by + (1-0) By +(1-p) Py, -

A change in the state funding formula leading to a shift in the partial correlation of state revenues and

district income (A[,;) therefore causes the partial correlation of total spending and district incomes

to shift by

ABy = (1-0) ABy;.

Federal grants contributed about 7 percent of school district revenues, on average, over our
sample period. The federal share is highest in poor Southern states, e.g. Mississippi (17 percent in
1993) and Alabama (13 percent in 1993).

"“Most state funding formulas have the property that the state funding available to a district is
independent of the district's actual tax revenues. For these states equation (4) can be interpreted
as a first-order approximation to the decision rule that maximizes the district's objective function
subject to the state's funding amount and other constraints. For states in which the funding
amount depends on the district's choice of local revenue, equation (4) can be interpreted as a first-
order approximation to the district's decision rule, with the term in S representing the derivative
with respect to a $1 increase in the amount of state aid available when the district makes its
optimal choice.
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The parameter o represents the degree of "fiscal substitution" in local revenue decisions with respect
to state funding. For example, if E,, is determined by the median voter's demand for school spending
(as in Bergstrom and Goodman, 1973), then one would expect o to equal (1-A), where A is the
derivative of the median voter's desired school spending with respect to income. Such reasoning
might lead one to expect a relatively high value of 6."* On the other hand, the literature on the
"flypaper effect” of targeted grants (Gramlich, 1977, Fisher, 1982) suggests that o may be much
lower. In the next section we describe and implement a simple procedure for estimating o, given
estimates of AB; and Af,; and information on the judicial and legislative changes that are presumed

to have led to changes in f3,;.

b. Data on School District Expenditures

We use data from the 1977 and 1992 Censuses of Governments, merged with district
characteristics from the 1980 and 1990 Censuses of Population, to estimate equations (1) and (2) and
study the effects of judicial and legislative actions on the characteristics of state funding formulas and
district-level spending outcomes. We began by merging information for the roughly 15,000 school
districts that reported data in both the 1977 and 1992 Censuses of Governments.'® We then merged

these school district observations to district-level records from the 1980 Census (the "STF3F" file),

BIf school expenditures are determined by a median voter with income elasticity of demand for
schooling of 0.7, and average school spending (per family) represents about 10 percent of median
family income then one would expect o = 0.93.

"There are 16,859 districts in the 1977 Census of Governments data file, and 16,236 districts in
the 1992 data file. After some data cleaning and manual adjustments to the Census of
Government identity numbers in the two files we successfully merged 15,008 districts between the
two years.
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yielding a sample of 14,454 districts with data from all three sources. Finally, we merged these
districts to district-level records from the 1990 Census (the "School District Data Book" file).

Our working sample excludes districts with zero enrollment in either 1977 or 1992," districts
with very high or very low expenditures per student, districts in AlaSka, and observations
representing the school systems in Hawaii and Washington D.C., resulting in a final sample of 14,190
school districts in 48 states.'® This sample includes about 90 percent of the roughly 16,000 districts
in the 48 states in 1992, and accounts for about 97 percent of total enrollment.  Further information
on the characteristics of our sample by state is presented in Appendix 1.

On average across the 48 states, real current education spending per student increased by 46
percent from 1977 to 1992. The average percentage of school district revenues received from the
state also increased from 45 to 50 percent. The range of state experiences in spending growth is
illustrated in the upper panel of Figure 1, which plots 1992 average current expenditures for each
state against the corresponding value in 1977." For reference, we have superimposed a line
representing a uniform 46 percent increase in real spending per student. As the figure makes clear,

this is not a bad "first approximation" to the data, although several states had much larger or smaller

"Some states, such as Massachusetts, have administrative units that are coded on the Census of
Governments as school districts with zero enrollment. These units typically provide services
(such as pension administration) to a set of neighboring districts.

"*This is our final sample for 1977. A total of 235 districts are excluded from our 1992 sample
because of missing data in the School District Data Book. Of these, 195 were located in
California.

Current expenditures include teacher and support staff salaries and other operating expenses
but exclude the costs of new construction, land acquisition, and equipment. While in principle it
is possible to calculate total expenditures per student in 1977 and 1992, differences in the
treatment of certain cost items in earlier and later Censuses of Government imply that current
expenditures are the most comparable cost data over time (see Murray, Evans and Schwab, 1997)
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increases -- particularly New Jersey and Connecticut on the high side and Utah and Massachusetts
on the low side.

Across states there is a strong positive correlation between the change in state funding per
student over the 1980s and the change in total spending per student. This is illustrated in the lower
panel of Figure 1, where we have plotted the changes in expenditures against the corresponding
changes in state revenues. For reference, we have super-imposed a 45 degree line in the figure: state
observations would lie along this line if, as the state increased grants to school districts, each district
maintained a constant level of real local revenues per student. The scatter of points suggests that
local revenues per student tended to rise in most states over the 1980s, even as per capita state grants
increased, although California is a notable outlier.® The best fitting (unweighted) regression line has
a slope of 0.71 (standard error 0.19, R-squared 0.23) suggesting that local revenue grew slightly
more slowly in states where state contributions rose faster. Ignoring any other factors at the state
level, this simple regression coefficient can be interpreted as an estimate of 1 minus the fiscal

substitution parameter o introduced above. The implied estimate of ¢ is 0.29 (standard error = 0.19).

c._Estimates of the Changing Association Between Spending and Income

Table 2 presents estimates of the coefficients B,; and B, from equations (1) and (2) fit
independently by state for t=1977 and t=1992. We also show the changes in these partial correlations

between 1977 and 1992. In the estimation we control for four sets of characteristics of the individual

**Presumably this is a reflection of property tax limitations in California. Silva and Sonstelie
(1993) assert that approximately one-half of the decrease in spending in California is attributable
to the reforms resulting from the Serrano decision (and the subsequent tax limitations).
Manwaring and Sheffrin (1994) study state data from 1974 to 1990 and also conclude that
California is an outlier with respect to changes in per pupil expenditures.
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school districts: the grade composition of the district (represented by 3 dummy variables); urban,
rural, or suburban location (represented by 2 dummy variables); the fractions of blacks and Native
Americans in the district population, and the average size of schools in the district (represented by
3 dummies for school size ranges and the log of the number of pupils per school). Our district income
measure is median family income, measured in the 1980 Census for t=1977 and in the 1990 Census
for t=1992.

The first three columns of Table 2 show the regression coeflicients parameterizing the
distributions of state funding per student (i.e. the B,'s), while the three right-hand columns show the
coefficients parameterizing the distribution of current expenditures per student (i.e. the B,'s). To aid
in interpreting the magnitudes of the coefficients, consider the difference between a low-income
district (for example, a district with median family income of $28,732 in 1980, the 10th percentile
across all districts) and a high-income district (for example, one with median family income of
$51,720 in 1980, the 90th percentile across all districts). A coefficient of -0.01 in column 1 or 2
implies that a state pays $230 more per student to the 10th percentile district than the 90th percentile
district: a relatively modest equalization effect. A coefficient of -0.05, however, raises this differential
to $1,149. Since the average state contribution in 1992 was about $2,500 per student, this is a
relatively strong equalization effect.

The estimates of the f3,'s confirm that state funding formulas became slightly more equalizing
over the 1980s. The biggest shift toward cross-district equalization occurred in states where the
school finance system was declared unconstitutional (average change = -0.033). The average value
of B, also declined in states where the school system was challenged in court but upheld (average

change of -0.018) and states where there was no court ruling (average change of -0.021). Estimates
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for key states show patterns consistent with our discussion of Table 1. For example, Connecticut
replaced a flat grant system (which was associated with an estimate of B, very close to 0) with a
strongly redistributive formula (associated with an estimate of B, = -0.062). Changes of a similar
magnitude occurred in Texas and Florida, while more modest changes occurred in New Jersey, New
York, and Massachusetts.?!

To further investigate the underlying patterns of state funding and spending across richer and
poorer districts in different states, we graphed state revenues per student and expenditures per student
in 1977 and 1992 against average district income for each of the 48 states in our sample. The graphs
for 6 "representative" states -- California, Connecticut, Michigan, Ohio, Alabama and Illinois -- are
presented in Figure 2. For each state, the left-hand panel graphs 1977 and 1992 state revenues per
student against district income, while the right-hand panel graphs 1977 and 1992 current expenditures
per student against district income.?

The graphs reveal three salient facts. First, measured state revenues and expenditures per
student are fairly disperse, even controlling for district incomes. We suspect that a significant fraction
of this dispersion reflects measurement errors in the Census of Government data, although some is
also explainable by the other covariates in equations (1) and (2), such as the grade composition of the
district. The R-squared coefficients in our estimates of equation (1) (for state revenues per capita)

range from 0.10 to 0.70, and average about 0.40. The R-squared coefficients in our estimates of

?'We also looked at the relationship between the fraction of district revenues received from the
state in 1992 and the change in total spending per pupil in the state. Overall there is a weak
negative correlation between these variables. The correlation is negative and somewhat stronger
for the subset of states in which the finance system was found constitutional.

2For states with a large number of districts (California, Illinois, and Michigan) we used the data
for a random sample of 200 districts to make the graphs easier to read.
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equation (2) (for expenditures per capita) are generally higher, with a range from 0.15 to 0.90 and
an average of about 0.50. Second, the graphs of state revenues clearly show the move to greater
equalization in the funding formulas of California, Connecticut, Michigan, and Ohio, that is suggested
by the estimates of AP, for these states in Table 2.2 Third, the graphs of expenditures for
Connecticut, Michigan, Ohio and Illinois all show a noticeable widening of inequality between richer

and poorer districts, even in the face of more equalizing state funding.

d. Effects of "Reforms" on the Distributions of State Funding and Expenditures

Have school finance reforms initiated by judicial pressure or legislative action led to any
systematic narrowing of the inequality in spending across richer and poorer districts? To answer this
question more formally, we compare changes in the coefficients 3, and [, in states that had court
rulings overturning or upholding their financing system, and in states that added or dropped specific
components of their funding system over the 1977-92 period. The upper panel of Table 3 presents
results from regression models of the form

AB;=Z;8, + my,

ABZj = Zj 0, + Ny »
where the dependent variables are estimates of the changes in the income-slope coefficients of state
revenues per capita and current expenditures per capita in state j between 1977 and 1992 (i.e. the

entries in columns 3 and 6 of Table 2), and the Z;'s are sets of dummy variables for various judicial

ZClose inspection of the Michigan graph reveals that many districts had very low levels of
state aid in 1992. About 15 percent of Michigan districts received under $100 per student from
state sources in 1992. (All Michigan districts received more than this amount in 1977). Only a
handful of districts in other states (mainly in New Hampshire) received such low levels of state aid
in 1992,
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events or funding formula changes over the period.** Columns 1 and 4 present models in which the
Z's are simply dummies for either a court ruling overturning the state funding system or a ruling
declaring the system constitutional. The estimates show a systematic equalizing effect of an
"unconstitutional” ruling: the income gradient of state funding falls by 0.019, on average, while the
income gradient of spending falls by 0.014. By comparison, the effects of a court ruling upholding
the state funding system are smaller and insignificantly different from 0.

Columns 2 and 4 present models in which we include changes in indicators for the presence
of the three main types of funding programs: flat grants, minimum foundation plans, and variable
grant plans. The coefficients associated with these first-differenced dummies can be interpreted as
estimates of the net effect of the presence of each of the different funding formulas on the slopes [,
and f3,. As expected, the presence of a flat grant raises P, (the income-gradient of state funding per
pupil across districts) while the presence of either alternative funding formula lowers ,. Similar
patterns are found for the effects of the various formulas on [, (the income-gradient of current
spending per pupil across districts), although the coefficient estimates are uniformly smaller in
magnitude. The estimates imply, for example, that dropping a flat grant and replacing it with a
variable grant formula would be expected to lower {3, by 0.026 and lower 3, by 0.013. Finally,
columns 3 and 6 present models in which we include indicators for both court rulings and formula
changes. Evidently, there is some colinearity between the court case outcomes and the formula

change indicators.”® Nevertheless, the covariates are highly significant as a group.

#*These regressions are weighted by the inverse sampling variances of the dependent variable.

2 As noted in Section I, formula changes were more likely to occur in states that had court
rulings overturning the state system. We estimated first-differenced linear probability models for
the incidence of MFP, VG, and FG plans and found a significant positive effect of an
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We also investigated the effect of one other potential determinant of the degree of spending
inequality across districts: the presence of a state property tax limitation. Figlio (1997) argues that
such state-wide limitations raise average student teacher ratios and lower average teacher salaries
(and also lower average test scores). We added a dummy variable indicating the presence of such
limitations to the models in the upper panel of Table 3. The resulting estimates suggest that, on
average, tax limits have small and statistically insignificant effects on the change in spending inequality
across richer and poorer districts between the late 1970s and the early 1990s.

The relative magnitudes of the coefficients in the models for AP, and A, in the upper panel
of Table 3 identify the fiscal substitution parameter o in the "structural" model of local revenue
determination. To see this, note from equation (5) that
(6) APy = Ab; + (1-0) AB,; + (1-p) AB;.

According to this equation, the change in the income-gradient of spending in state j reflects any state-
specific change in tastes (e.g. a steeping or flattening of the cross-district "Engel curve" for education
expenditure) plus shifts due to changes in the income gradients of the state and federal formulas.
Treating Ab; as a random component, this equation can be estimated by OLS. Alternatively, using
either judicial decisions or changes in the state funding formula it can be estimated by IV. The results

are presented in the lower panel of Table 3.7

unconstitutional ruling on the probability of a VG system in 1992 (coefficient=0.38, t=2.2) and a
significant negative effect on the probability of an FG system in 1992 (coefficient=-0.47, t=2.1).

%1t is worth noting that alternative OLS and IV estimates of (1-6) could be obtained by an
appropriate district level regression. To see this, assume that local revenues of district d in state j
are given by L, = a, + b,y - 0S4, + & Ignoring federal grants and covariates, the change in
total expenditures in district d from t=1 to t=2 is AEy = Aa; + Ab]ly, + b,Al; + (1-0)AS,; + A,
Treating AbjI,; as a random component, this equation could be estimated by OLS using observed
district incomes and state revenues. An obvious problem with this scheme is than any
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The OLS estimate of (1-0) in the first column of the lower panel of Table 3 suggests that
school finance reforms have had only a modest effect on spending inequality: each additional dollar
of state funding is estimated to increase total spending by only 19 cents.?” In contrast, the IV estimate
based on the court decision dummies (instrument set A) points to a much larger effect of finance
reforms. One explanation for the difference is that states have tended to adopt more redistributive
formulas when there is an trend toward rising inequality in the state. The IV estimate based on
changes in the state funding formulas (instrument set B) falls between the two extremes, yielding an
estimate of (1-0)=0.53. Although the instrumental variables estimates using the court decisions and
the formula changes are reasonably "far apart" economically, the estimates are not statistically
different, as illustrated by the over-identification statistic for the model that uses the combined set of
instruments (set C). Regardless of the choice of instrument, however, all the IV results point toward

a sizeable bias in the OLS estimate.

measurement error or endogeneity in state grants will lead to inconsistency. One could instrument
the change in state revenues with the interaction of initial district income and a set of dummies Z;
representing court decisions and/or funding formula changes in the state. This is equivalent to
assuming that AB,; = Z;n+n;, implying that ASy, = Ae, + (Z;m+n)) I, +B,,AL,; + Auy, , and AE
= Aa; + (1-0)Ac,, + {Ab;+ (1-0)(Z;n+n) g + {b + (1-0)B,,} Al + AEy + (1-0)Au,;. Standard
arguments then imply that micro-level (one-step) estimates of the interaction coefficients 7 and
(1-0)7 in these two unrestricted reduced forms are equivalent to two-step estimates obtained by
first regressing ASy, and AE, on Iy, and Al by state and then regressing the resulting
coefficients for Iy, on the state-level Z;’s. This is not exactly equivalent to our two-step
procedure because we use an unbalanced sample of districts, and regress S, and E; on I, rather
than on both I, and Al

A micro-level regression of the change in district spending (from 1977 to 1992) on the 1977
and 1992 values of the control variables and the change in state funding yields an estimate of
(1-0)=0.24.

A Hausman test that the IV estimate using the combined instrument set is different than the
OLS estimate yields a z-statistic of 2.20.
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A potential concern with the use of school financing formula changes as instruments is that
a legislative change in the financing formula may be affected by some of the same factors that lead
to widening inequality in spending across richer and poorer districts in a state. Supreme Court
decisions, on the other hand, are more likely to be exogenous to underlying economic trends in
individual states. In view of these concerns, one might prefer the IV estimate based on the court
orders alone: this estimate points to a relatively modest fiscal substitution effect.

To summarize, our analysis of the school finance data points to four main conclusions. First,
states in which the courts declared the school financing system unconstitutional have altered their
funding systems so as to redistribute aid toward lower income districts. The magnitude of these
changes is economically and statistically significant. We estimate that the gap in state aid between
a poor district (median family income at the 10th percentile of the national distribution) and a rich
district (median family income at the 90th percentile of the national distribution) widened by about
$300 per student more in states where the financing system was found unconstitutional than in other
states. Second, some states altered their financing formulas even without the pressure of a court
decision, although formula changes were more likely, and more systematically "redistributive", in
states where the courts had overturned the existing financing system. Third, state efforts to raise the
relative spending of lower-income districts were not completely offset by fiscal substitution effects.
Indeed, our preferred estimate suggests that the degree of fiscal substitution is small, although the
estimate is imprecise and we cannot rule out the possibility as much as 50 percent of the equalizing
effect of state finance reform is "undone" by changes in local revenue collections. Fourth, reforms
to the system of state funding in many states were partially or fully offset by a widening of inequality

in local revenues between richer and poorer districts. Thus, even in states like Connecticut where the
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state funding system became significantly more redistributive, spending inequality between districts
rose over the 1980s.

Our findings on the effects of court-ordered reforms collaborate those of Murray, Evans, and
Schwab (1997), who examined the effects of judicial decisions on the overall inequality of spending
across school districts (e.g. the coefficient of variation in spending across districts in a state). Their
analysis suggests that court-ordered reforms decrease spending inequality, primarily by raising the

relative expenditures of districts at the bottom of the spending distribution.”

III. The Effects of School Finance Reform on Student Outcomes

The case for school finance reform relies in part on the notion that equalization of spending
between richer and poorer districts will go some way toward closing the gap in outcomes between
children in these districts. Despite this presumption, there is relatively little direct evidence linking
school finance reforms to student outcomes of any kind.*® Moreover, the available evidence on the
generic effects of higher or lower school spending is quite mixed (see Hanushek (1986) and Card and

Krueger (1996) for example). As in the school quality literature, a major problem in evaluating

PThe results in Table 3 with respect to changes in state financing formulas are less consistent
with the results in a subsequent paper by the same authors (Evans, Murray and Schwab, 1997),
which concludes that non-court-ordered finance reforms have little or no systematic changes in
spending inequality. We find some (modest) effect of finance formula changes even controlling
for court decisions.

3We are aware of only a handful of previous studies, including Hoxby (1996), who examines
drop-out rates, and Downes and Figlio (1997), who examine test scores for high school seniors in
189 school districts. Downes and Figlio present a review of other related studies.
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school finance reforms is the lack of data sources that provide information on student outcomes by
school district.”*

Our explicit focus on the effect of school finance reforms across richer and poorer districts
suggests an alternative approach that sidesteps the need for district level student outcome data.
Specifically, any equalization of spending across richer and poorer districts would be expected to

lower the inequality of resources across students from richer and poorer families in a state. Indeed,

if the variation in average spending per pupil within school districts is small, as we believe to be the
case, then the correlation of school spending with incomes across families is determined by the
correlation of spending across districts with higher and lower mean family incomes. Thus, the effects
of school finance reform can be measured by comparing changes in the student achievement gap

across families in different states over time.

In this paper we use SAT scores of high school students in different states as our measure of
student achievement. There are two main advantages of the SAT. First, the test is administered
nationally and is widely recognized as an indicator of student performance. Second, relatively large
micro samples of SAT scores are available that include information on the test-taker's state of
residence and family background. The SAT has offsetting disadvantages too. The most important

is that not all students write the test. The test participation rate of high school seniors ranges from

Downes and Figlio (1997) use test scores on reading and mathematics tests given to students
who participated in the National Longitudinal Survey of the Class of 1972 and the National
Educational Longitudinal Survey administered in 1992. They find that the relative test scores of
high school seniors in low-spending districts rise following both court-mandated and legislatively-
induced reforms. Hoxby (1996) uses dropout rates measured at the district level in the Census of
Population. She concludes, cautiously, that school finance reforms that lead to a leveling-up of
expenditures per pupil (i.e. an increase in spending by low-spending districts) lower the dropout
rate, while reforms that lead to a leveling-down of expenditures (i.e. a reduction in spending by
high-spending districts) have the opposite effect.
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only a few percent (in states where lower fractions of students attend college and the SAT is not
required for admission to the state university) to over 60 percent (in states where a high fraction of
children attend college and the SAT is required for admission to the state university). Moreover,
SAT-takers are self-selected. In states with lower participation rates SAT-takers tend to be from
wealthier families and to be more highly ranked in their high school classes (see below), implying a
systematic sample selection bias in observed mean SAT scores. Related to the issue of test
participation is the fact that any achievement gains among non-college-bound students are missed by
the SAT. A third disadvantage of the SAT is that the test is designed to predict college performance,
rather than to test substantive knowledge or forecast success in the labor market. Even ignoring
selectivity issues, mean SAT scores may fail to show gains or losses associated with spending changes
that have important effects on other dimensions of student achievement, or on the non-college-bound

population. These limitations should be kept in mind in interpreting the results of our analysis.

a. Overview of the SAT Data

Our SAT data set is drawn from a series of random samples of about 100,000 SAT-takers for
each year from 1978 to 1992. For each test taker we have his or her test score and individual
background characteristics collected in the Student Descriptive Questionnaire (SDQ). The SDQ is
filled out by students just before they write the SAT test, and asks for information on age, race, and
family characteristics, as well as information on the student's high school courses and class ranking.
Although the identity of each SAT-taker's high school is known to the testing agency, for
confidentiality reasons the most detailed level of geographic information available in our samples is

the individual's state of residence when taking the test.
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For our analysis we selected individuals who lived in one of the 48 mainland U.S. states and
were attending a public high school in either the 11th or 12th grade when they wrote the test. Since
our data set is derived from random (i.e. unstratified) samples of the test-taking population, the
sample sizes for individual states range from under 50 per year (for smaller states where a low
fraction of high school students write the SAT, such as Mississippi, Utah, and the Dakotas) to over
5000 per year (for larger states with a relatively high SAT participation rate, such as California, New
York, and Pennsylvania). In light of the small sample sizes for many states we decided to pool the
1978, 1979, and 1980 SAT samples into a single cross-section representing the late 1970s, and the
1990, 1991, and 1992 samples into a single cross-section representing the early 1990s. Table 4
reports the sample sizes, average SAT scores, and other information by state for these two cross-
sections. In particular, we report an estimate of the SAT participation rate (see below for how this
is derived) as well as the fraction of test-takers who report themselves in the top fifth of their high
school class and the fraction with highly educated parents.

Inspection of the data in Table 4 reveals a number of interesting features of the SAT data.
Most notable is the powerful correlation between SAT participation rates and the test score
performance and characteristics of SAT writers. In states with lower participation rates the mean
SAT score is higher, as is the fraction of students who report themselves in the top fifth of their class,
and the fraction with highly-educated parents. The correlations between the participation rate and
the mean SAT score are -0.66 in 1978-80 and -0.71 in 1990-92. The correlations of the participation

rate with the class rank and parental education variables are even higher.”> These correlations are

**The correlation of the participation rate with the fraction of test writers in the top fifth of their
class is -0.90 in both years. The correlation of the participation rate with the fraction of test
writers with highly educated parents is -0.80 in 1978-80 and -0.79 in 1990-92.
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illustrated in Figure 3, which plots state-level observations on the SAT participation rate against the
mean SAT score (shown on the left axis) and the fraction of test-takers in the top fifth of their class
(shown on the right axis). This simple figure underscores the point that any comparison of SAT test
scores across states must address the issue of selectivity of the test population.

Another feature of the data in Table 4 is the variation over time for individual states. On
average over the 1980s we estimate that the SAT participation rate rose from about 43 to 55 percent.
This rise was associated with a decline in the fraction of test-takers from the top fifth of their class,
but with some rise in the fraction of writers from highly-educated families. The latter phenomenon
reflects the rapid rise in education levels of the parental population, which counteracted a general
decrease in the selectivity of the SAT population.”> Although the mean SAT score was constant
nationwide, it rose in some states (e.g. North and South Carolina) and fell in others (e.g.
Washington). As in the cross-sections, there is a systematic correlation across states between rising

SAT participation rates and falling test scores, underscoring the selectivity issue.

b. Modeling SAT Qutcomes at the Individual and Group Level

We posit a relatively simple model of test-score outcomes for individuals from a given family
background group in a given state and year. Let y’,; represent the latent test score of individual i

from family background group g in state j and year t. Assume that

@) y‘igit = ag t xigjtb T Cgis

3We estimate that the fraction of children age 14-17 in the US population who would fall into
the "high education" classification in Table 4 was 13.5 percent in 1978-80 and 21.5 percent in
1690-92.
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where x is a vector of individual-specific characteristics (age, grade at the time of the test,
race/ethnicity), a, is an "adjusted mean test score outcome" for individuals from family background
group g in state j and year t, and e is an idiosyncratic residual. Not all children in each state or family
background group write the test: instead, we observe a self-selected sample of outcomes for
individuals who decide to write the test. Let y,, represent the observed test score outcome for
individual I, and let 7, represent the fraction of children from family background group g in state j
and year t who write the test. We assume that
®) E(yyl I writes the test,...) = a,, + x,b + hy(my),
where h(my) is a "selectivity adjustment" or "control function" that depends on the probability of test
participation of individuals in group g in state j and year t. This specification is consistent with a
conventional joint-normal model of latent test scores and test participation in which the probability
of writing the SAT is assumed to depend on a set of factors that are identical for individuals in the
same family-background-state-year cell. More generally, it can be interpreted as an approximation
to the selectivity adjustment implied by an arbitrary model of test score outcomes and test
participation in which test participation depends on a single index that is "fully absorbed" by family
background group x state x year dummies (Ahn and Powell, 1995).

There are a variety of possible choices for the function h(*). One obvious choice is the inverse
Mill's ratio, which is appropriate if test scores and the latent index determining SAT participation are
jointly normally distributed:

hy(Ttg) = - ¢, §( (D-l(ngj() ) T
where ¢ and ® denote the normal density and distribution functions, respectively. In this

specification the coefficient ¢, reflects the correlation of the latent variable determining test score
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1.34

participation with the latent test score residual. > Other non-linear functions, such as log (7g) may

also be used.

c. Defining Family Background Groups

Estimation of equation (8) requires a specification of the family background groups within
which observed test-takers have the same implied selectivity correction. The background data in our
SAT samples includes categorical information on family income and parental education from the
Student Descriptive Questionnaire. We evaluated the quality of these data by comparing family
income and parental education distributions for several high SAT-participation states with similar
distributions for the families of children aged 14-17 in the Current Population Survey (CPS). This
comparison suggested that the family income information from the SDQ is very noisy whereas the
parental education distributions are more accurate. We therefore decided to use information on the
education of SAT-takers' mothers and fathers to define 6 family background groups. The exact
parental education groupings were determined by regressing individual test scores from a number of
high SAT-participation states against a full set of interacted dummies for mother's and father's
education. This process led us to define the following 6 groups: group 1 -- one or both parents have
less than a high school degree; group 2 -- father has exactly 12 years of completed education and
mother has 12-15 years of education; group 3 -- father has 13-15 years of education and mother has

12-15 years of education; group 4 -- both parents have at least some college and one parent has a

*In a joint-normal model G, is the product of the correlation between the latent errors in the test
participation and test score equations, multiplied by the standard deviation of the latent test score
error. This is the "group selection” model originally proposed by Gronau (1974).
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college degree or more; group 5 -- father has some post-graduate education and mother has at least
some college; group 6 -- one or both parent's education data is missing.

Although one might have preferred to use family income to define subgroups of test-takers

within each state, we believe parental education is a good substitute. Indeed, parental education may
be a better indicator of "permanent" family income than actual family income in any given year.
Furthermore, over 60 percent of the variation in median family income across school districts in a
state in 1980 or 1990 is explained by the fractions of adults (age 25 and older) in 5 education classes,

suggesting that education and family income are very highly related.”

d. Estimating SAT Participation Rates by State and Family Background Group

While earlier studies of state-wide average SAT scores (e.g. Powell and Steelman (1984),
Behrendt, Eisenbach and Johnson (1986), and Dynarski (1987)) have used the ratio of the number
of SAT-takers to the number of high school seniors to estimate the SAT participation rate, we are
unaware of any studies that have attempted to estimate SAT participation rates by state and family
background. A major problem is in obtaining large enough samples of "potentially eligible" children
in each state to estimate the denominator of the SAT participation rate. To overcome this problem,
we decided to pool samples of children from several March and October Current Population Surveys
in the late 1970s and early 1990s.

We first took all children (age 0-17) in the October and March CPS files for the period from

1978 to 1993. Using household and family identifiers, we then matched each child to the CPS

3Close to 75 percent of the variation in median family income across school districts within
states is explained by the education shares and dummies for whether the district is in an urban or
rural area.
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records for his or her mother and (if possible) father. Children who did not live with their mother
were excluded. We then assigned each child with both parents present to one of the previously
defined family background groups, and each child living with a lone mother to a set of 4 other groups
defined by the range of the mother's education. Our estimated population counts for each state and
family background group for the late 1970s period are based on weighted counts from pooled
samples of children age 14-17 in the 1978-80 October CPS and 1979-81 March CPS. Our estimated
population counts for the early 1990s are based on pooled samples of the 1990-92 October CPS and
1991-93 March CPS.

Judging by the response rates to the father's education question in the SDQ, we infer that
SAT-writers report their father's education even if they do not live with their father. In our CPS
samples, however, we have no information on father's education for the roughly 15 percent of
children who live only with their mother. To make the family background cell counts from the SAT
sample and CPS samples comparable, we therefore allocated the cell counts for individuals in the CPS
with a missing father to the set of associated cells with the same level of mother's education, using
the assumption that the probability of not living with one's father is independent of father's education,
conditional on mother's education.

The last step in estimating the SAT participation rate is to compute the ratio of the number
of test writers in our SAT sample in each state and family background cell to the number of children
from the CPS sample in the same cell. We then "scaled" the average cell ratio so that the implied
national probabilities of writing the SAT in 1978-80 and 1990-92 matched the estimated fractions of
high school seniors who took the SAT nationwide in 1979 and 1991, respectively. The implied

participation rates from this two sample procedure are not constrained to be less than 1, nor is there
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any guarantee that participation rates for a given state are higher for "higher" family background
groups. Inspection of the estimated participation rates suggested that there were a few states (most
notably, Indiana) for which the participation rate was in excess of 1 for some of the higher family
background groups. We therefore fit the following non-linear model by state to the raw probabilities
for each of the five family background groups (excluding the group with missing education
information):

p(g)=1-exp(8,+0,g+0,8).

This model smooths the probabilities for adjacent family background cells (from the same state) while
constraining the fitted probabilities to be less than 1.

Estimated SAT participation rates rise very quickly across family background groups within
states: from an average of 13 percent for the lowest education group to 70 percent for the highest
education group in the late 1970s; and from an average of 18 percent for the lowest education group
to 70 percent for the highest education group in the early 1990s.*® Similarly, mean SAT scores rise

with higher parental education.

e. Modeling the Effect of School Spending on SAT Qutcomes

We assume that a_, the adjusted mean test score outcome for individuals from family

git

background group g in state j and year t, is a function of various permanent factors, as well as the

An appendix table available on request shows mean SAT scores and participation rates by
state and family background group in the late 1970s and early 1990s. These data suggest that the
rise in SAT participation rates over the 1980s occurred almost exclusively among children from
the lowest parental education groups.
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average level of school spending in the state (E;) and the degree of variation in spending across higher
and lower income districts in the state:

©®)  ay= dE, + X, d, By + permanent effects,

where (3, is the income gradient of school spending across districts in state j and year t, as defined
in equation (2) above. We expect the coefficient on average spending in the state to be positive (i.e.
d, > 0 ) if higher school spending has a positive effect on test outcomes. For lower family
background groups, we expect d,, <0, since a steeper slope between per capita spending and average
income in a district implies that less of total state spending is spent in districts with a higher fraction
of low-income (and low-education) families. Likewise, we expect d;, > 0 for higher family
background groups, since a steeper relationship between per capita spending and average district
income implies that more of total state spending is spent in districts with a higher fraction of high-
income (and high-education) families.

To estimate equation (9) we proceed in two steps. For each of our two cross-sections
(representing the late 1970s and early 1990s) we first estimate a model for observed individual test
score outcomes that controls for the test-taker's grade (either 11 or 12) and ethnicity, and includes
a complete set of dummy variables for each state and family background group. Denote the estimated
coefficients of the state x family background indicators by Ay,. According to equation (8),

Age = ag + hy(mg) .

In the second stage we therefore fit models of the form
(10) Ay =c+ ¢y + doE;+Z,d By + hg(f&j()a
where ¢; represent permanent state effects, ¢, represent year-specific group effects, h() represents

the selection control function, and T, represents the smoothed estimate of the SAT participation rate
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for background group g in state j and year t. These models are fitted by weighted least squares, using
the inverse sampling variances of the estimated Ay's as weights.

Estimation results for several versions of equation (10) are presented in Table 5. Although
we have data for a total of 480 observations (48 states x 5 parental education groups x 2 years) we
have excluded observations for 5 states with very small numbers of observations in the SAT sample:
North and South Dakota, Mississippi, Utah, and Wyoming, All of the reported specifications in Table
5 use the inverse Mill's ratio as a control function, and assume the coefficient on this function is the
same for the five background groups. We report on a variety of experiments with alternatives in the
next table.

The first column of Table 5 presents a model that excludes permanent state effects. This very
parsimonious specification indicates a powerful effect of the selection adjustment (the t-ratio for the
Mill's ratio term is over 30), a positive and significant effect of mean expenditures on average test
scores, and spending inequality effects consistent with the hypothesis that a steeper income gradient
of school spending in a state widens the gap between the test scores of children with more- and less-
educated parents. Permanent state effects are added to the model in column 2. This addition causes
the effect of mean expenditures to fall to (roughly) zero, although an increase in spending inequality
is still predicted to widen test score outcomes across family background groups.

An even less restrictive model is one that includes year-specific state effects, as in column 3
of Table 5. In this specification any other covariates that are constant across all family background

groups in either year of the sample are "absorbed", and only the relative effect of the income gradient

variable ((3,,) on the different parental education groups is identified. Hence, we have dropped the

mean expenditure variable, and arbitrarily normalized the effect of the income gradient variable to be
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0 for the middle education group. Even though the magnitude of the coefficient on the selection
correction term drops somewhat relative to the models in columns 1 or 2, the Mill's ratio term is still
highly significant. This finding suggests that our attempt to estimate group-specific SAT participation
rates has been relatively successful, since the effect of the selection correction is only identified by
differences in the SAT participation rates of different groups within a state in any year.

The effects of higher spending disparities across richer and poorer districts are relatively
precisely estimated in column 3, and indicate a statistically significant "widening" of test score
outcomes in states with a higher income gradient of per capita school expenditures. For example, the
estimates imply that the greater inter-district spending inequality in Georgia ([, = 0.045 in 1992) than
in Florida (3, = -0.002 in 1992) lowered the mean SAT scores of children in the lowest parental
education group by about 28 points relative to children in the highest parental education group.”’
This is a modest effect relative to overall standard deviation of SAT scores across individuals (200
points), but a more sizeable effect relative to the standard deviation of the gap in scores between
these groups across states (about 60 points in 1992). In Section II we estimated that school finance
reforms in the 12 states that had a court decision overturning their funding systems lowered the
income gradient of spending by about 0.015 (see Table 2). According to the estimates in column 3
of Table 5, this change would be expected to close the gap in SAT scores between children of the
most- and least-educated parents in these states by about 9 points.

The results from the final specification in column 4 of Table 5 suggest the estimates in column

3 must be interpreted carefully, however. In column 4 we include group x year, state x year, and

*In the early 1990s the gap in test scores between the highest and lowest family background
groups was 174 points in Georgia and 147 in Florida.
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group x state effects. The addition of the interactions between the state and family background group
effects allows for arbitrary state-specific permanent differences in the test-score differentials between
different family background groups. Thus, the specification in column 4 is most similar to a
"difference-of-differences" model in which we first compute the test score gap between different
family background groups in each state in each year, and then compute the correlation of the changes
in test score gaps with the changes in the income gradients of school spending across districts.*®

In contrast to the more parsimonious models in the table, the estimates in column 4 show no
significant effect of the selectivity term, and no evidence that spending equalization across school
districts would raise the test scores of the lowest parental education group relative to other groups
(although the gap in test scores between the three highest parental education groups is increasing in
B,). We suspect this model is "over-parameterized" relative to the quality of the underlying data (we
are fitting 266 coefficients to a sample of 430 mean test scores). The imprecision of the estimates
and the relatively small coefficient associated with the selection correction term both point to such
a conclusion. Nevertheless, it seems reasonable to allow for permanent state-specific differences in
the dispersion in test scores between different family background groups, and once such effects are
introduced the group-specific coefficients of the income gradient of school spending are all
statistically insignificant, and show little systematic pattern.

We have estimated many variants of the models in Table 5 on a range of different samples.

Changes in the sample (either including or excluding data for states with very small numbers of

3¥We have estimated a wide variety of such differences-of-differences specifications using
various combinations of the different family background groups and obtained results consistent
with the estimates in column 4. The advantage of the model in column 4 is that it "averages" the
differences-in-differences between the various family background groups.



36

observations in the SAT data set), or in the sample weighting (use of the number of SAT writers in
the state-year-family background cell versus the inverse sampling error of the adjusted group mean
SAT score), or in the use of an adjusted versus an unadjusted mean SAT score as the dependent
variable for each state-year-background group have little effect on the estimates. We also tried a
variety of alternatives to the sample selection correction used in the specifications in Table 5. For
example, use of the "raw" SAT participation rate for each cell, rather than the adjusted rate derived
from the nonlinear model fit to each state and year, leads to a slightly attenuated coefficient on the
correction term but has little effect on the other estimates.

Table 6 reports a series of alternative specifications similar to the model in column 3 of Table
5. In column (1) we allow group-specific coefficients on the selectivity correction. The estimated
selection coeflicients are larger for the lower parental education groups, and for the highest education
group the coefficient is statistically insignificant. However, freeing up the coefficients of the selection
correction has only a small impact on the group-specific coefficients of the income gradient term. In
column 2 we use -Iog(‘fgj‘) as an alternative control function. This functional form fits somewhat
better than the inverse Mill's ratio, although the coefficients on the income gradient terms are fairly
similar regardless of functional form. When we allow group-specific coefficients for the log control
function, in column 3, the coeflicients are very similar across family background groups, suggesting
that the log correction is actually a "better" functional form than the inverse Mill's ratio. We conclude
that changes in specification have relatively small effect on the estimates of the spending inequality
coefficients, holding constant the set of permanent effects included in the regression model (i.e. state

x group and state x year effects).
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Experiments with alternatives to the "extended" model of column 4 in Table 5 suggest these
estimates are also relatively insensitive to changes in sample, weighting and choice of specification
of the selection control function. Since the coefficients in the extended model are all relatively
imprecise, however, this is not too informative. A full set of group x year, state x year, and state x
group effects absorb almost all of the systematic variation in the data, leaving little role for either the
sample selection correction or for school spending inequality effects.

A final issue that we have explored is the sensitivity of our results to alternative estimates of
the inequality coefficients 3,, For example, we re-estimated these coefficients including a broad set
of controls for the education levels and household composition of different school districts. The
results are generally quite similar to those reported in Tables 5 and 6. We also considered
instrumental variables estimates of the inequality coefficients, using as instruments for median family
income the fractions of adults with different levels of completed education. These IV estimates are
very highly correlated with the simpler OLS estimates in Table 2, and lead to very similar estimates
of the models in Tables S and 6. The similarity of the IV and OLS specifications suggests that most
of the differences in school spending associated with inter-district differences in family income are

indeed related to differences in parental education, as we implicitly assume in the OLS models.

IV. Conclusions

We have tried to answer three questions about the recent wave of school finance reforms.
The first is whether court decisions declaring a state's financing system unconstitutional lead to any
substantive change in the system. Qur answer is yes: we find that in the aftermath of a negative court

decision states tend to increase the relative funding available to lower-income districts. The second
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question is whether shifts in the amount of funding available from state sources result in
corresponding shifts in the relative spending of richer and poorer districts, or whether changes in state
funding are "undone" by compensatory changes in local revenues. Our answer is again yes: we find
that the relative spending of poorer districts rises following an adverse court decision. The range of
estimates suggest that relative changes in state funding may be partially offset by fiscal substitution
effects, but are never fully undone. The third question is whether relative shifts in the spending of
richer and poorer districts in a state result in relative shifts in the SAT scores of children from more-
and less-educated families in the state. Here our answer is more tentative. We believe that the
evidence points to a modest equalizing effect of school finance reforms on the test score outcomes
for children from different family background groups, although the evidence is not decisive. Our
most precise estimates imply that the spending equalizations that followed unconstitutional court
rulings in 12 states over the 1980s closed the gap in average SAT scores between children with
highly-educated and poorly-educated parents by about 8 points, or roughly 5 percent.

We interpret our findings as complementary with the results in two other recent studies of
school finance reform. Murray, Evans, and Schwab (1997) find that adverse court rulings led to some
reduction in the overall dispersion in per capita spending across districts in the affected states. This
is consistent with our finding of a narrowing in the dispersion in spending across richer and poorer
districts. Downes and Figlio (1997) find that the relative test scores of high school seniors in low-
spending districts rise following both court-mandated and legislatively-induced finance reforms. This
is consistent with our analysis of the dispersion in SAT test scores between children of more- and
less-educated parents. Much additional research is needed, however, to fully understand the nature

and consequences of the school finance reforms that have occurred or are ongoing in many states.
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Appendix 1

Appendix Table 1 presents a state-level summary of our school district data. To facilitate
comparisons with Table 1, we have sorted the states by the nature of any court decisions regarding
the constitutionality of the school finance system over the 1977-92 period. The first column of the
table shows the number of districts in our matched 1977-1992 Census of Governments/1980 Census
sample by state. This ranges from a high of 1,032 in Texas to a low of 12 in Delaware. As other
researchers have noted, the financial data reported in the Surveys of Governments are "noisy": after
a preliminary analysis we decided to exclude observations on school districts with zero or missing
expenditures or revenue data, and districts with expenditures per pupil above the 99th percentile or
below the 1st percentile of the overall distribution of expenditures. (These exclusions are similar to
those adopted by Murray, Evans, and Schwab, 1997). We also excluded any district that did not offer
the same range of grades in 1977 and 1992. These exclusions eliminated about 8 percent of districts,
resulting in the sample sizes recorded in column 2 of Appendix Table 1.

The third column of Appendix Table 1 shows the (enrollment-weighted) fraction of unified
districts in each state in 1977. Across states the enrollment-weighted fraction of unified districts
ranges from O (in Montana) to 100 percent (in 17 states), with an average of 92 percent.

The fourth and fifth columns of the table show average current expenditures per student in
each state in 1977 and 1992, in 1992 dollars, while columns 6 and 7 show the average fractions of
district revenues received from state sources. The share of state revenues rose faster in states with
a court ruling declaring the school finance system unconstitutional (an average increase of 12.2
percentage points) than in other states (an average rise of 1.4 percentage points in states with a court
ruling that upheld the school finance system, and 3.6 percentage points in states with no court ruling).



Appendix Table 1: Means of Current Expenditures Per Student and State Support
Levels, 1977 and 1992

Number of Percent Current Percent Rev. Changes in Median
School Districts Unif- Expenditures from State Per-Student: Family
ied Income
Matched Used Dist's 1977 1992 1977 1992 Spending State 1978
All 48 states 14,190 13,114 92.3 3,358 4,917 45.0 50.5 1,559 904 39,120
A. States with a Court Ruling Finding the School Finance System Unconstitutional
Arkansas 313 294 100.0 2,200 3,519 48.0 61.2 1,320 1,074 28,624
California 987 908 €69.5 3,781 4,636 40.0 67.7 845 1,500 41,816
Connecticut 165 154 94.8 3,768 7,435 26.3 38.2 3,668 1,836 46,695
Kansas 303 303 100.0 3,346 4,603 43.7 47.9 1,257 627 38,983
Kentucky 175 172 99.9 2,376 3,686 56.0 64.7 1,309 1,283 31,718
Montana 485 442 0.0 3,716 4,560 49.5 51.2 844 756 35,915
New Jersey 547 509 75.8 4,111 7,558 33.2 37.5 3,448 1,641 45,498
Texas 1,032 816 99.7 2,609 3,981 45.2 44.5 1,371 822 39,338
Washington 295 261 99.1 3,446 5,016 64.0 75.2 1,570 1,846 42,249
West Virginia 55 49 100.0 2,796 4,415 63.4 67.0 1,619 1,176 33,711
Wisconsin 427 425 96.5 3,672 5,722 49.4 47.2 2,051 778 40,723
Wyoming 48 44 99.4 3,679 5,394 39.1 57.7 1,716 1,837 43,561
All 12 States 4,832 4,377 85.4 3,361 4,892 44.0 56.2 1,532 1,278 40,449
B. States with a Court Ruling Finding the School Finance System Constitutional
Arizona 196 163 58.3 3,083 4,022 51.2 49.0 939 344 36,620
Colorado 176 170 100.0 3,697 4,594 41.7 47.8 897 562 41,987
Georgia 183 170 99.9 2,589 4,206 48.8 54.8 1,617 1,077 34,638
Idaho 111 105 99.6 2,418 3,238 49.4 62.8 819 979 34,412
Louisiana 66 66 100.0 2,665 4,079 56.2 58.4 1,414 807 34,725
Maryland 24 23 100.0 4,030 5,185 39.7 34.5 1,155 39 45,952
Michigan 552 530 99.7 3,517 5,164 39.6 29.0 1,647 88 43,387
Minnesota 415 348 100.0 3,680 5,427 60.1 58.9 1,747 650 42,034
New York 701 657 98.3 4,833 7,677 41.5 43.8 2,844 1,137 39,464
North Carolina 133 132 100.0 2,726 4,198 63.1 67.5 1,472 1,235 32,743
Ohio 609 600 100.0 3,246 4,706 37.7 44.7 1,460 830 40,696
Oklahoma 566 550 97.0 2,409 3,670 54.7 68.8 1,262 1,003 34,889
Oregon 289 2717 87.6 3,888 5,199 28.0 32.4 1,310 444 39,051
Pennsylvania 499 495 100.0 3,650 5,653 44.1 41.6 2,003 853 39,120
South Carolina 91 90 100.0 2,272 4,083 49.6 55.3 1,811 974 32,888
All 15 States 4,611 4,376 97.8 3,509 5,265 45.5 46.9 1,756 776 38,942




Appendix Table 1 continued

Number of Percent Current Percent Rev. Changes in Median
School Districts Unif- Expenditures from State Per-Student: Family
ied Income
Matched Used Dist's 1977 1992 1977 1992 Spending State 1979

C. States with No Court Ruling on the School Finance System by 1992
Alabama 126 108 99.6 2,276 3,103 67.5 71.2 827 643 31,854
Delaware 12 11 98.3 3,152 5,301 73.0 74.7 2,149 1,380 33,686
Florida 67 64 100.0 3,279 4,861 56.8 54.4 1,582 963 33,727
Illinois 924 898 63.6 3,614 4,763 41.2 37.7 1,149 87 44,800
Indiana 286 285 100.0 2,707 4,500 49.3 56.1 1,793 1,021 40,078
Iowa 426 376 100.0 3,610 4,463 49.7 53.3 852 477 39,096
Maine 200 167 91.4 2,772 4,971 48.4 45.9 2,199 883 31,761
Massachusetts 323 295 91.1 4,348 5,403 29.2 29.0 1,056 163 42,406
Mississippi 145 136 100.0 2,294 3,142 57.6 57.5 848 462 27,780
Missouri 535 498 9%.2 2,947 4,335 42.9 55.0 1,388 1,215 37,041
Nebraska 430 388 96.5 3,650 4,834 21.2 40.0 1,184 1,036 38,035
Nevada 17 17 99.9 3,111 4,447 57.1 69.8 1,336 1,491 40,963
New Hampshire 157 144 84.3 2,860 5,262 8.9 9.8 2,402 238 38,018
New Mexico 86 77 100.0 3,136 3,832 67.0 79.8 696 979 32,611
North Dakota 269 237 98.5 3,252 4,040 51.8 51.8 788 427 35,317
Rhode Island 36 33 87.7 3,595 5,867 32.8 38.1 2,272 1,036 37,994
South Dakota 166 158 99.9 2,835 4,019 20.0 29.0 1,184 555 31,489
Tennessee 131 95 98.1 2,473 3,309 42.9 48.8 836 377 33,359
Utah 40 39 100.0 2,825 2,995 57.7 62.5 170 169 38,972
Vermont 241 205 40.9 3,349 5,951 34.8 37.1 2,602 888 34,196
Virginia 130 129 99.9 2,852 4,912 30.7 44.1 2,060 1,243 40,625
All 21 states 4,747 4,361 92.1 3,150 4,468 45.5 49.1 1,319 675 37,934

Notes: Number of districts matched
the 1977 and 1992 Census of

positive enrollment in both 1977 and 1992.

refers to number of school districts matched between
Government files and the 1980 Census STF3F file with

number in the final analysis sample.
of schools in the district (

low spending per student in 1977 or 1992.

enrollment in 1977 and 1992.
All dollar amounts are in 1992 dollars.

equipment expenditures.

Number of districts used refers to the
Districts are deleted if was a change in type

e.g. from an elementary school district to a unified
district) or if the reported revenue or expenditure data led to unusually high or

Current expenditures exclude construction,

All means are weighted by average
land, and



Figure 1. Upper Panel: 1992 versus 1977 Spending Per Pupil.
Lower Panel: Change in Spending Per Pupil versus Change
in State Revenue Per Pupil.
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Table 1: State Finance Plans and Court Rulings

Funding Formulas In Use: Expected Effect
Year on Cross-District
State of Ruling 1975-76 1990-91 Inequality

I. States with a Court Ruling Finding the School Finance System
Unconstitutional

Arkansas 1983 FG MFP more equal
California® 1971, 77 MEP+FG MEFP+FG none
Connecticut? 1977, 82 FG VG more eqgual
Kansas? 1976 VG VG none
Kentucky 1989 MEP+FG MFP+FG none
Montana?® 1989 MFP+VG MFP+VG none
New Jersey® 1973,76,89,91 FG MFP more equal
Texas? 1989, 91 MFP+FG MEFP+VG more equal
Washington 1978, 951 MFEP VG more equal
West Virginia 1978, 88 MFP MEP none
Wisconsin?® 1976 VG VG none
Wyoming 1980 MFP MFP none

II. States with a Court Ruling Finding the School Finance System
Constitutional

Arizona® 1973 FG MFP more equal
Colorado 1982 VG+FG MEFP unclear
Georgia 1981 MFEP MEP+VG more equal
Idaho 1875, 90 MFP MFP none
Louisiana 1976, 87 MFP MEP none
Maryland 1972,83 MEP MFP+FG less equal
Michigan 1973, 84 VG VG+FG less equal
Minnesota® 1971 MFP+FG MFEP more equal
New York 1872,82,87 MFP+FG VG+FG unclear
North Carolina 1987 FG FG none

Ohio 1979, 91 VG+FG MFP more equal
Oklahoma 1987 MFP+VG+FG MFP+VG more equal
Oregon 1976, 91 MFP+FG MFP more equal
Pennsylvania 1975,79,87,91 VG+FG VG more egqual
South Carolina 1988 FG MFP more equal

Note: Table continues. See notes at end of table.



Table 1: State Finance Plans and Court Rulings, continued

Funding Formulas In Use: Expected Effect
Year on Cross-District
State of Ruling 1975-76 1990-91 Inequality

III. States with No Reported Court Rulings Before 1592

Alabama® MFP MFP none
Delaware VG+FG VG+FG none
Florida MFP+FG MFP more equal
Illinois MFP+VG+FG MFP+VG+EG none
Indiana MEP MFP+FG less equal
Iowa MFP+FG MFP+FG none

Maine MFP+VG MFP less equal
Massachusetts? VG+FG VG more equal
Mississippi MEP+FG MFEP more equal
Missouri® MFP MFP+VG+FG unclear
Nebraska MEP+FG MEP more equal
Nevada MFP MEP none

New Hampshire® MFP+FG MFP more equal
New Mexico MFP MFP none

North Dakota MFP MFP none

Rhode Island® VG+FG VG more equal
South Dakota MEP+FG MFP more equal
Tennessee MFP MFP none

Utah MFP MFP none
Vermont VG+FG MFP+FG unclear
Virginia MEP+FEG MFP more equal
Notes: The state funding formulas are: flat grants (FG) -- systems that

provide a uniform amount per student; minimum foundation plans (MFP) --
systems that pay an amount per student that is higher for districts
with lower tax bases (at a fixed assessment rate); and variable
guarantee VG) plans -- systems that provide matching grants that vary
with the actual revenues raised by the district.

*These states also had court rulings that upheld the state's school finance
finance system: California (1986); Connecticut (1985); Kansas (1981);
Montana (1974); Texas (1973); Wisconsin (1989).

*These states also had court rulings that overruled the state's school
finance system after 1992: Alabama(1993); Arizona{1994);

Massachusetts (1993);
Minnesota (1993); Missouri (1993); New Hampshire (1993); New Jersey (1995);
Rhode Island (1994).



Table

2: Effect of 1877 Per Capita Income on Levels and Changes of
State Support per Student and Total Current Spending per Student

State Support Per Student

Current Spending per Student

1977

1992

Change

1977

1992 Change

A. States with a Court Ruling Finding the School Finance System

Unconstitutional

Arkansas -0.017 -0.013 0.004 0.014 0.027 0.013
(0.002) (0.006) (0.004) (0.004) (0.006) (0.005)
California ~-0.013 -0.028 -0.015 0.009 0.004 -0.005
(0.002) (0.002) {0.002) (0.002) (0.002) (0.002)
Connecticut 0.002 -0.062 ~-0.064 0.037 0.043 0.006
(0.001) (0.006) (0.004) (0.004) (0.005) (0.004)
Kansas -0.015 -0.032 -0.017 0.010 0.024 0.013
(0.004) (0.006) (0.005) (0.006) (0.007) (0.006)
Kentucky -0.011 -0.038 -0.027 0.011 -0.019 -0.030
{0.002) (0.002) (0.002) (0.003) (0.004) (0.004)
Montana 0.009 -0.021 ~0.029 0.011 0.020 0.009
(0.005) (0.006) (0.00%5) (0.007) (0.010) (0.009)
New Jersey -0.018 -0.044 -0.027 0.028 0.030 0.002
(0.002) (0.003) {0.003) (0.002) (0.003) (0.003)
Texas -0.017 -0.072 -0.055 0.009 0.009 0.000
(0.001) (0.003) (0.002) (0.002) (0.002) (0.002)
Washington -0.000 -0.004 ~-0.004 0.020 0.013 -0.007
(0.003) (0.003) (0.003) (0.004) (0.003) (0.004)
West Virginia -0.009 -0.026 -0.016 0.005 ~-0.005 -0.011
(0.009) (0.013) (0.011) (0.010) (0.011) (0.010)
Wisconsin -0.015 -0.033 -0.018 0.018 0.044 0.025
(0.003) (0.004) (0.004) (0.003) (0.005) ({0.004)
Wyoming ~0.036 -0.157 -0.121 0.011 0.025 0.013
(0.021) (0.029) (0.02%) (0.013) (0.019) (0.016)
Unweighted Avg. -0.012 -0.044 -0.033 0.015 0.018 0.002
12 States
Note: Table continues. See notes at end of table.



Table 2, Continued

State Support Per Student

1977

1992

Change

Current Spending per Student

1977

1992

Change

B. States with a Court Ruling Finding the School Finance System Constitutional

Arizona

Colorado

Georgia

Idaho

Louisiana

Maryland

Michigan

Minnesota

New York

North Carolina

Chio

Oklahoma

Oregon

Pennsylvania

South Carolina

Unweighted Avg.

15 States

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

0.
(0.

-0.
(0.

-0.
(0.

-0.
(0.

-0.
(C.

-0.
(0.

-0.

013
005)

019
004)

009
003)
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Table 2, Continued

State Support Per Student

Current Spending per Student

1977 1992 Change 1977 1992 Change
C. States with No Court Ruling on the School Finance System by 1992
Alabama -0.002 -0.001 0.001 0.011 0.029 0.017
(0.001) (0.001) {(0.001) (0.004) (0.004) (0.004)
Delaware 0.009 ~-0.078 -0.087 0.015 0.011 -0.003
(0.083) (0.072) (0.078) (0.041) (0.047) (0.044)
Florida -0.015 -0.086 -0.071 0.019 -0.002 -0.021
(0.011) (0.014) (0.013) (0.013) (0.013) (0.013)
Illinois -0.006 -0.023 -0.017 0.030 0.049 0.019
(0.002) (0.001) (0.002) (0.002) (0.003) (0.002)
Indiana 0.004 ~-0.012 -0.016 0.010 0.016 0.006
(0.002) (0.004) (0.003) (0.004) (0.006) (0.0053)
Iowa -0.010 -0.012 -0.002 0.001 0.004 0.003
(0.003) {0.003) (0.003) (0.003) (0.004) (0.004)
Maine -0.042 -0.074 -0.032 0.005 0.019 0.014
{0.010) (0.012) (0.011) (0.008) (0.009) (0.008)
Massachusetts -0.005 -0.036 -0.031 0.025 0.034 0.009
(0.003) (0.003) (0.003) (0.005) (0.005) (0.005)
Mississippi -0.006 -0.011 -0.005 0.009 0.006 -0.003
{(0.002) (0.003) (0.003) (0.006) (0.005) (0.006)
Missouri -0.016 -0.006 0.010 0.033 0.062 0.029
(0.002) (0.004) (0.003) (0.003) (0.005) (0.004)
Nebraska -0.005 -0.024 -0.019% 0.014 0.034 0.020
(0.002) (0.0053) (0.004) (0.006) (0.008) (0.007)
Nevada -0.009 -0.052 -0.043 -0.005 -0.000 0.005
(0.025) {0.047) (0.037) (0.024) (0.044) {0.035)
New Hampshire -0.001 -0.021 -0.019 0.022 0.046 0.024
(0.003) (0.005) (0.004) (0.007) (0.010) (0.008)
New Mexico -0.026 -0.008 0.017 0.005 0.015 0.010
(0.006) (0.0053) (0.005) (0.005) (0.007) (0.006)
North Dakota -0.009 0.004 0.013 -0.007 0.021 0.028
(0.003) (0.004) (0.004) (0.007) (0.011) (0.009)
Note: Table continues. See notes at end of table.



Table 2, Continued

State Support Per Student Current Spending per Student

1977 1992 Change 1977 1992 Change

C. States with No Court Ruling on the School Finance System by 1992 (continued)

Rhode Island -0.019 -0.060 -0.041 0.034 0.032 -0.001
{0.011) (0.011) (0.011) (0.014) (0.010) {0.012)
South Dakota 0.000 -0.024 -0.024 -0.027 -0.035 -0.008
(0.002) (0.007) (0.005) (0.007) (0.015) (0.012)
Tennessee 0.001 -0.006 -0.007 0.031 0.008 -0.022
(0.002) (0.002) (0.002) (0.006) (0.008) (0.007)
Utah -0.041 -0.019 0.022 0.015 0.027 0.011
(0.015) (0.012) (0.013) (0.011) (0.009) {0.010)
Vermont -0.021 -0.084 -0.063 0.026 0.056 0.030
(0.007) (0.012) (0.010) (0.009) (0.012) (0.010)
Virginia -0.014 -0.037 -0.023 0.056 0.076 0.020
(0.002) (0.002) (0.002) (0.006) (0.006) (0.006)
Unweighted Avg. -0.011 -0.032 -0.021 0.015 0.024 0.00%
21 sStates
Notes: Table entries are regression coefficients of median family income in

in the district, with standard errors in parentheses. All

models are fit by state, and include dummies for the type of school
district (elementary, secondary, or unified), and district location
(central city, suburban, or rural), as well as controls for the fractions
of blacks in the district, the log of the average school size in the
district, and dummies for average school size under 100 pupils, between
100 and 199 pupils, and between 200 and 299 pupils. Dependent variables
for models in columns 1-3 are total district revenues per student from
state sources in 1977 (column 1), 1992 (column 2), or the change in state
revenues per student from 1977 to 1992. Dependent variables for models
in columns 4-6 are current district expenditures per student in 1977
(column 1) 1992 (column 2), or the change in current expenditures per
student from 1977 to 1992.



Table 3: Unrestricted Reduced Forms and Structural
of State Revenues on District Spending

A. Unrestricted Reduced Form Estimates

Estimates of the Effect

Effect on Income-Slope of
State Revenues per Capita

Effect on Income-Slope of
Total Spending per Capita

(1) (2) (3) (4) (5) (6)
Court Rulings:
Upheld -0.008 - -0.005 0.001 - 0.004
(0.007) (0.007) {0.005) {0.005)
Unconstitutional -0.019 -— -0.010 -0.014 -— -0.012
(0.006) (0.007) (0.004) (0.005)
Changes in Funding
Formulas:
Flat Grant - 0.011 0.010 - 0.007 0.007
(0.004) (0.004) (0.003) (0.003)
Minimum Foundation - -0.005 -0.002 -- 0.002 0.007
(0.007) (0.007) (0.008) (0.005)
Variable Grant - -0.015 -0.011 -— -0.006 0.001
(0.006) (0.007) (0.005) (0.005)
R-squared 0.17 0.30 0.33 0.28 0.17 0.36

B. Structural Estimates of the Effect of State Revenues on District Spending

IV with Instrumental Set:

oLSs A B C

Estimate 0.19 0.83 0.53 0.64
(0.10) (0.34) (0.21) (0.24)

P~value of over- - 0.21 0.79 0.21

identification test

Notes:

Reduced-form and structural estimates are estimated on sample of 48
states. Models are weighted by inverse sampling variance of the
estimated change in the income-slope of total spending per capita
between 1977 and 1992. See text.

Instrument set A includes a dummy for a court ruling that found the
state funding system unconstitutional, and another dummy for a court
ruling finding in favor of the state funding system.

Instrument set B includes 3 first-differenced indicators for the
presence of flat grant, minimum foundation, and guaranteed yield
funding formulas.

Instrument set C includes all 5 instruments in sets A and B.



Table 4: Characteristics of SAT Samples

1978-79-80 Sample 1990-91-92 Sample
Percent of SAT- Percent of SAT-
Fraction takers from: Fraction takers from:
Sample Sizes: Mean Writing Top 1/5 High-Educ Sample Sizes: Mean Writing Top 1/5 High-Educ
SAT CPS SAT SAT HS Class Families SAT cPsS SAT SAT HS Class Families

United States 222,436 70,855 893 42.8 42.7 30.8 241,001 46,200 893 55.0 37.0 34.7
Maine 1,796 895 898 46.9 43.0 24.1 2,193 509 879 b4 .4 33.4 28.0
New Hampshire 1,503 636 927 55.4 39.5 29.0 1,817 337 921 70.7 33.9 31.0
Vermont 893 712 906 53.4 44.0 28.0 1,032 346 890 77.6 35.7 32.6
Massachusetts 12,470 1,622 891 62.7 35.0 27.0 10,094 1,449 896 83.6 30.1 32.7
Rhode lsland 1,679 618 883 58.1 38.5 23.2 1,326 306 880 70.0 33.4 29.8
Connecticut 6,326 893 900 59.1 34.8 32.5 5,651 375 897 77.3 27.7 33.9
New York 30,188 4,657 895 49.7 37.8 25.0 28,532 3,262 881 66.2 27.8 26.9
New Jersey 15,559 1,969 871 61.1 34.8 26.3 13,652 1,721 886 78.4 29.3 31.6
Pennsylvania 19,335 3,042 890 47.8 40.9 22.6 19,477 1,863 876 69.7 34.0 25.5
Chio 5,560 2,754 959 15.4 52.5 39.5 6,133 2,094 946 21.5 49.1 41.7
Indiana 9,586 1,366 867 55.8 42.8 20.6 9,683 554 845 66.2 36.1 24.6
Illinois 4,972 2,676 973 13.7 50.2 49.8 4,054 1,868 1006 14.2 50.6 58.4
Michigan 4,701 2,523 964 14.7 56.5 41.0 2,828 1,922 980 12.2 52.5 53.6
Wisconsin 1,757 1,242 1011 10.1 65.0 42.7 1,348 697 1023 10.2 62.5 53.5
Minnesota 1,097 1,216 1046 8.1 65.3 54.1 1,365 501 1023 12.9 55.9 57.3
Towa 345 1,103 1085 3.5 70.1 48.4 407 673 1093 5.1 68.3 63.1
Missouri 1,609 1,252 965 10.5 53.2 41.1 1,151 567 1002 8.0 54.5 53.2
North Dakota 78 985 1095 3.5 74.4 44.9 126 766 1073 6.2 69.0 59.5
South Dakota 79 1,031 1101 3.3 78.5 40.5 114 698 1047 6.1 74.6 57.9
Nebraska 409 906 1025 7.2 63.8 46.0 496 665 1024 11.2 62.5 52.4
Kansas 431 831 1039 6.3 65.2 54.8 652 597 1039 10.1 61.8 61.5
Delaware 979 630 901 49.5 37.4 32.9 896 349 892 56.0 32.1 29.8
Maryland 6,762 1,176 890 45.4 37.4 34.7 6,702 363 904 70.0 33.3 38.7
virginia 9,040 1,254 887 51.9 39.6 35.1 10,454 683 890 64.5 33.0 38.1
West Virginia 426 909 955 6.7 66.2 45.1 960 568 926 20.9 56.7 37.5
North Carolina 8,973 1,344 819 47.2 40.7 23.9 10,162 1,754 844 64.3 34.8 29.6
South Carolina 4,925 840 783 45.8 39.5 20.3 5,507 703 832 56.0 34.9 25.5
Georgia 7,822 1,341 814 47.5 40.0 24.6 9,943 535 844 63.2 31.9 29.1
Florida 8,314 2,103 890 29.7 42.0 32.6 11,224 1,790 882 40.2 36.1 34.6
Kentucky 695 1,084 982 5.6 61.9 45.6 880 551 993 9.4 63.0 52.2
Tennessee 719 1,006 982 4.9 66.2 46.0 1,109 606 1015 8.6 56.7 55.5
Alabama 626 1,284 926 4.5 62.0 449 770 615 N1 7.2 59.5 54.3
Mississippi 156 1,068 965 2.0 69.2 37.2 210 767 997 2.6 72.9 53.3
Arkansas 316 993 991 4.1 74.7 42.1 407 648 1005 6.1 67.3 52.3
Louisiana 418 1,251 955 3.0. 63.4 45.9 578 569 994 4.8 56.9 52.6
Ok L ahoma 495 763 1008 6.0 66.3 51.9 744 S74 997 9.1 65.1 55.1
Texas 14,719 3,603 874 33.4 44 .8 35.5 21,333 2,467 874 49.5 40.3 35.8
Montana 276 868 1028 11.6 69.2 41.3 563 682 982 23.7 53.8 48.3
idaho 260 957 998 8.3 55.8 41.5 563 669 968 18.9 57.4 48.3
Wyoming 95 734 1020 7.0 69.5 50.5 227 505 980 15.8 67.0 44 1
Colorado 1,476 1,058 982 16.0 56.7 52.7 2,551 487 959 33.2 47.1 56.0
New Mexico 341 1,232 1007 7.9 63.9 50.1 475 698 996 10.6 55.8 56.8
Arizona 596 978 1009 7.6 64.1 50.0 2,019 467 932 4.7 48.7 45.2
Utah 113 1,157 1045 2.6 77.9 63.7 258 820 1031 4.1 69.4 62.4
Nevada 383 819 935 17.8 58.0 30.0 741 513 919 23.5 49.9 33.6
Washington 1,935 996 1006 16.2 63.4 46.6 5,852 475 913 52.1 43.2 41.8
Oregon 3,406 874 900 44.7 47.2 32.4 3,612 465 922 50.9 45.5 40.0
California 25,421 5,682 901 36.8 46.7 37.5 27,719 3,837 897 40.9 39.7 38.4

Note: SAT samples include students in 11th or 12th grade enrolled in public high schools in the 48 mainland states. CPS samples
include children age 14-17 in the March and October Current Population Surveys (October 1978, 1979, 1980 and March 1979, 1980
and 1981 for the *1978-79-80 Sample' and October 1990, 1991, 1992 and March 1991, 1992 and 1993 for the '1990-91-92 Sample').
Fraction writing SAT is estimated from a combination of data sources -- see text. Percentages of students in top one-fifth
of their high school class and from high-education families are estimated from responses to the Student Descriptive
Questionnaire components of the SAT. High-education families are those in which both parents have at least some college and
one or both parents have a four-year degree or more.



Table

5: Estimated Models for Adjusted SAT Scores by State and Family
Background Group (Pooled Time Series Cross Sections)

(1) (2) (3) (4)
Selection Term 68.6 59.4 46.7 13.8
(2.1) (5.4) {5.1) (8.8)
Mean Spending? 10.5 1.3 - --
(10005 of 1992%) (1.1) (1.7)
Group-Specific
Income Gradient
Terms:
Group 1 -64.5 -433.1 -255.9 226.3
(111.3) (122.8) (80.6) (157.8)
Group 2 -79.7 -397.5 -201.8 17.0
(99.7) (113.8) (74.1) (147.3)
Group 3% 146.7 -185.2 6.0 0.0
(82.0) (104.5)
Group 4 247.9 -44.0 156.9 127.5
(94.7) (110.7) (72.4) (133.0)
Group 5 362.9 111.1 347.2 230.5
(112.9) (123.0) (85.4) {153.8)
Other Effects: Group x Group x Group x Group x
Year Year; Year; Year;
{9] State State x Group x
{51) Year State;
[93] State x
Year
[261]
R-Squared 0.95 0.97 0.98 0.99
Notes: Models estimated by weighted least squares on sample of 430

observations (43 states, 5 family background groups, 2 years).
Selection correction term is inverse Mills ratio based on
estimated fraction of students in cell who write SAT.

Regression weights are inverse sampling variances of the adjusted
mean SAT scores by state, family background cell, and year.
Standard errors in parentheses. Number of effects included in
square brackets.

*With state x year effects, mean spending and one group's income
gradient term are absorbed. The effect of the income gradient
for group 3 is arbitrarily set to 0.



Table 6: Estimated Models for Adjusted SAT Scores by State and Family
Background Group: Comparison of Selection Corrections

Inverse Mill's -Log(n) Selection Term
Selection Term
(1) (2) (3)
Selection Term -—— 32.8 -
(2.4)
Group-Specific
Selection Terms:
Group 1 55.2 - 34.2
(6.7) (3.8)
Group 2 50.5 -- 35.6
(6.2) (3.9)
Group 3 35.5 - 38.6
{(5.0) (4.7)
Group 4 28.1 -- 42.0
(6.6) (7.1)
Group 5 14.1 - 40.9
(8.7) (10.6)
Group-Specific
Income Gradient
Terms:
Group 1 ~124.6 -117.6 ~140.4
(62.2) (58.9) (61.3)
Group 2 -70.9 -83.0 -96.8
(57.6) (54.9) (56.7)
Group 3% -— T o
Group 4 135.3 120.3 119.3
(55.3) (52.9) (54.1)
Group 5 283.8 297.9 276.7
(63.0) (61.5) (62.5)
R-Squared 0.99 0.99 0.99

Notes: Models estimated by weighted least squares on sample of 430
observations (43 states, 5 family background groups, 2 years).
See notes to Table 5. All models include unrestricted state
x year and group x year effects (93 effects in total).

*The effect of the income gradient for group 3 is set to O.



