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Abstract

. This paper demonstrates how linear programming
can ibe used to derive optimal values of the param~
eters in formulas allocating state aid to public
schools in New York. Although disparities in
expenditures and tax rates amohg districts are not
easily reduced by formula modifications, the model
identifies tradeoffs between distributions of tax
burdens and educational resources.
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A Programming Approach to Financing Public Education

James Colburn and Richard N. Boisvert¥®

Given current efforts to shift financing of public services to the
states and localities, primary and secondary education and other activ=-
ities traditionally financed locally face increased competition for
financial resocurces. For education, the situation is exacerbated in New.
York and other states where challenges to the existing financing arrange~
ments remain unresolved. The reality of providing additional resources
to poorer districts combined with political pressuré not to reduce expen—
ditures for richer districts, places a premium on budget allocation effi-
ciency by government officials. There is no evidénce to suggest that
formulas for state ald to education are optimal with respect to reason-—
able objectives such as providing the necessary aid at minimum state
cost, glven expenditure levels and tax constraints, or maximizing the
minimum total expenditures by any school district.

This paper develops a linear programming (LP) model to evaluate
strategies for modifying public school financing arrangements in light
df tax rate limits and expenditures that may be consistent with court
decisions mandating equal educational opportunity. The model is applied
in New York where a successful court challenge to the school financing
system for mot providing equal opportunity was still under appeal at the

time the study was initiated.1 Bruno used a similar programming approach

*Economist with USDA World Food and Agricultural Dutlook and Situation
Board and Associate Professor of Agricultural Economics, Cornell Uni-
versity.

lon June 23, 1982, the New York State Court of Appeals overturned
lower court decisions in Levittown v. Nyquist which challenged the con-—
stitutionality of the state's current method of finaneing public educa-
tion (New York Times). However, it is unlikely that the debate over
equal educational opportunity in New York will subside. Efforts to modi-
fy the ways in which schools are financed will continue as they have for
years,




for funding the California Junior College System, but the analysis was
limited to a simple foundation-type program and allowed for few changes
in the program's parameters. The model designed in the present study
accommodates a two-tier system of state aid ratios and foundation
levels. " With only minor modifications, the model can be used to examine
the implications of changing from the current two~-tier aid formula to a
district power equalization formula.

The LP Model of New York's School Financing System

The model of New York's school financing system deals only with
operating expenditures. They account for over 70% of all sbending and
are financed at the district level through local property tax and state
aid revenues (Colburn). As of 1978-79, state aid is provided through a
two—tler aid formula, based on both spending levels and property wealth
per aidable pupil unit (The University of the State of New York, 1978-
79). Second tier aid is available to districts spending at a relatively
high level, but with little wealth per aidable pupil unit. Districts

(i=l...m) eligible to receive both tiers of aid can be represented by:

- fEEEE_.= ¢ (1 FVi(t_z)/RTAPUi(t_z) 4 c (iQ FVi(t_z)/RTAPUi(t_Z)
TAPU, 1 AFVRTAPU _, 1 2 AFVRTAPU _,

where AIDit/TAPUit is district 1's operating aid per total aidable pupil
unit (TAPU) in year t; C1 and C2 are first and second tier expehditure
cellings per TAPU; Xl and Xz'are portions of C1 and 02 raised by local
district of average wealth; AFVRTAPUt_h2 is the state average full value

of property per RTAPU, lagged two years} and FV /RTAPU
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ith district's property wealth per resident TAPU.2 TFor districts of

average wealth and spending at least C1 + C2 per TAPU, equation (1)

suggests that the state aid per TAPU is equal to (l—Xl)C1 + (1—X2)Cz. As

wealth increases, the state's share declines. For programming purposes,
it is useful to rewrite (1) as:

ALD /RTAPU

FV /RTAPU
+CX i(t-2) +CX i(e=2) i(e=2) - C4C

. FV
(2) it 1(t-2)
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Other distriets receive only tier 1 aid either because theilr operating
expenses per TAPU are less than Cl‘or their wealth per RTAPU is too
high. Following the convention above, state aid for these districts

(i=m+l,...,n) can be written as:

BV (p-2)/FTARY (e-2)
AFVRTAPU_,

(3) AIDit/TAPUit + Cl (
The third class of districts is the richest in terms of property
wealth per TAPU and receives a flat grant per TAPU. For flat grant dis—

tricts (i=nt+l,...,T) state aid is given by a constant (FG):3

2gee the University of the State of New York, 1978-79 for procedures
used in defining TAPU, the number of pupil units in & district on which
state aid is based and on how RTAPU is calculated for measuring a dis-
trict wealth. ‘

3The analysis in this paper is conducted under the assumption that
this simple two~—tier aid formula is applied without modification across
all school districts, while in reality provisions guch as the 1980-81
flat grant taper formula, the save~harmless provisions, low income and
high tax rate aid are also important to many districts {The 5tate Univer—
sity of New York, 1979-80). These other provisions are ignored so that
the implications for the basic aid structure spending alternatives de-
signed to equalize educational opportunity can pe isolated. By conduct=
ing the initial analysis in this way, one can understand better the
potential magnitude of the ad justments required by the state and local
districts in response Lo attempts at "equalizing” educational oppor-
tunity. Work is currently underway to incorporate these other provisions
into a more comprehensive programming model.




(4) AIDit/TAPUit = FG.

Given this existing wealth measure, the aid formula is characterized
by three types of policy variables: the wealth levels by which school
districts ére grouped, the expenditure ceilings, C's, and the aid ratios,
X's. 1In 1980-81 (t=0), the first expenditure ceiling, Cl’ was set at
$1,600 per TAPU (The State University of New York, 1979-80). The second
tier ceiling (Cz) was $100 and the flat grant (FG) provision was set at.
$360 per TAPU. 1In continuing to use the full value of property wealth
as a measure of wealth, the statewids average (AFVRTAPU’t_2 = $69,472) was
used in thé denominator of the aid formula. School districts with full
value of property per RTAPU less than $86,840 received tier 1 and tier 2
aid. Districts with wealth between $86,840 and $105,000 per RTAPU were
eligible for only tier 1 aid.® Flat grant districts were those with full
value of property per RTAPU in excess of $105,000. State shares of
expenditure ceiling levels for districts of average wealth remained at
497 for tier 1 and 20% for rier 2 aid (e.g. Xl = 0.51 and X2 = 0.8).

For programming purposes, a number of other constraints for each
district is needed. To analyze equity issues from both student and tax-—
payer perapectives, one‘can specify minimum (MNEit) and maximum
(MXEit) expenditure levels (Eit) per TAPU by distriet:

(5) mvE < Ejp SMXE, - (i=l...r);
rand maxdmum (MXRit) and minimum (MNRit) tax rates (Rit):

(6) MR, <R, MR, (i=l...7).

4Because the flat grant taper is ignored and because these limits
are calculated from data on unpublished state aid worksheets from the
Department of Education, these limits differ slightly from the ones
published in the State University of New York's 1980-81 supplement.



Total expenditures pexr TAPU (Eit) must equal the sum of local
expenditures (Lit)’ plus state aid:
{7) AIDit/TAPUit + Lit = Eit; and

local expenditures equal tax effort applied to full value of property: .

g - 5
(8) L, TRy (Fvi(t_z)/RTAPUi(th)) 0.

Total state aid (TSt) and total local expenditures (TLt) are:

T
(9 121 AID, /TAPU (TAPU ) - TS = 0 ; and

iy
(10) 121 L, (TAPU; ) - TL, = 0.

Within this programming context, a number of alternative objective
functions could be explored. To {llustrate the usefulness of the model,
minimizing total aid (TSt) subject to specified maximum tax efforts and
minimum expediture levels allows one to examine some important tradeoffs
among tax effort, state costs, and expenditure ievels. 1In all specifi~
ecations, district aid levels and local tax rates are decision variables.

In others, the levels of Xl and Xz, are decision variables as well.6

Allowing Xl and Xz to vary introduces potential problems into the

model because as X2 increases, tier 2 aid can become negative and imply

5For purposes of state aid ratlos, it was appropriate to use the
full value of property in year t-2 but pecause of lack of more recent
data, these same tax rolls were also aused to establish tax rates in the
model.

6pecause equations (2) and (3) are multiplicative functions of the
C's and the X's, optimal levels of both policy variables cannot be
obtained simultaneously using linear programming. In contrast to the
experimentation above, one could also fix the X's and solve for optimal
levels of the C's.




that districts receiving tier 1 and tier 2 aid -can receive less aid than
relatively Iidherwdistricts.presently:receivinguonly*tier ljaid, ‘Thds .
inconsistency is ruled out by ‘placing an -upper ‘bound on szﬂ

If no wpper bound is;placedaon;xz,fDistrict Power ‘Equalization
(DPE), as implemented in Wisconsin im 1973-(Johnson‘aﬁd'Colains),.can‘be
examined for districts recelving both tiers of aid. ‘Under such a scheme,
%the:state-effectively.guarantaes a fiscal'capapity for -each local dis—
trict -equal to a specified level af;propemty-vaiuation‘peripupilm ‘Once
the «desired level of spending 1s determined, ‘the district must impose ‘the
tax rate needed to railse this revenue if the guaranteed value of pfoperty
per pupil were actually available. This tax rate 'is applied te the
actual waluation of :property im :the .district and the state pays the dif-

ference. In terms of the model, eguation (2) would become:

Ay oPie o ey /RTARY () e, age-2)/RTARY; (g ¢4
TAPUit 1 GVl 2 GV2 172
where GVl = AFVRTAPUth/Xl .';\.-‘cui'GV:2 =.A-F.VRTAPUt__2./X2 are two guaranteed

valuation levels set by the state. The dmportance of this flexibility is
that negative tier 2 aid is equivalent to a transfer of funds from rich
to poor districts. To study this alternative for New York would require
Tespecifying the model to accommodate 2-tier aid for all districts and is

‘beyond the scope of this paper.

"The upper bound in this model is calculated by setting the tier 2
aid ratio equal to zero for the richest district receiving tier 2 aid,
and solving for X2. Using the aid ratio for the richest group receiving

tier 2 aid, X, = 0.87.

2



Empirical Application

To illustrate the utility of the model, the state aid formula
described above 1is examined first in conjunction with projected school
expenditures for 1980-81. Projected base-run expendltures were obtained
by inflating the 1979-80 approved opérating expenses (ACE) by the con-
sumer price index. Several adjustments to equalize expenditures and/or
account for cost differentials among school districts or level up expen—
ditures to some minimum level are also examined to understand the finan-
cial implications of providing equal or improved educational opportunity
as defined narrowly by gpending levels. (See Colburn for a discussion of
the problems in defining educational opportunity.) The results from
geven programming solutions are summarized in table 1 and reported in
detail by Colburn.8

For the base rum, total school operating expenditures would be
approximately $7.7 billion. Expenditures per TAPU would be increased to
almost $2,500. The range across the 79 school district aggregates used
for programming purposes is from §1,600 to $4,036 per TAPU and state aid
accounts for 35% of total exﬁenditures. Average local property tax rates
are nearly $22 per $1,000 of full value and range from just over $8 to
just over 539. Because the aid ceilings (C1 and CZ) and the aid ratios

(Xl and XZ) are fixed, the programming model effectively solves only for

8New York's more than 700 school districts are aggregated for pro-
gramming purposes into 79 groups, based oun similarities in size and
wealth. New York and the five largest upstate cities are treated sepa—
rately (Colburn). Data to estimate the model's parameters were from
unpublished state aid worksheets from the New York State Department of
Education. The cost adjustments were made using the cost lndices devel-
oped by Wendling which reflect the differential costs of hiring teachers
and non—classroom professionals after controlling for personal and . other
characteristics.
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tax rates and expenditure levels. Thus, in comparing the base solution
with solutions 2 and 3, local tax rates are all that can adjust to the
new equalized or cost—ad justed expenditure 1evels. To guarantee feasible
solutions, in all threé cases, tax rate cellings were set at 845 per
$1,000 of full value. This limit was never reached but in solution 3 at
least one district aggregate would have required a tax rate of nearly $43
per $1,000 of full value to finance the difference between state aid and
projected spending levels.

Because solution 3 reflects ad justments for jnflation and cost dif-
ferences, the fact that total expenditures rise only slightly suggests
that the additional expenditures in high cost districts relative to the
state norm more than offset expenditure decreases justified in low-cost
areas. The implications of these new spending levels are particularly
significant for some district groups. Were the state to attempt to mini-
mize further "real" disparities in educational opportunity by encouraging
districts to adjust any anticipated expenditure increases by this cost of
services index, the 56 districts with the lowest wealth (taken as a
group) would have to reduce expenditures by an amount nearly equal to the
general rate of inflation. (See Colburn for details). Other groups of
districts in upstate New York would be unable to raise expenditures suf-
ficiently to compensate entirely for general inflationary trends. While
placing a burden on the budgets.of local school districts, such cost
ad justments would mean significant property téx reductions relative to
the base case. These reductions are reflected by the fact that the iow
end of the range in tax rates falls to less than $4 per $1,000 of full

value. In New York City and other large cities around the state, the
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situation would be reversed. Cost ad justments, implying expenditures in
excess of those needed to keep up with the general rate of inflation,
would be required.

Although the idea of equalizing expenditure levels at some state
average, either with or without a cost adjustment, is appealing, from a
political perspective any reduction in school expenditures is difficult
to implement. These ad justments might ultimately be mandated by the
courts, but an alternative might be to define equal educational oppor-
tunity in terms of some minimum level of expenditures. Such a strategy
was recommended by the Fleischmann Commission in the early 1970's in
which operating expenditures would be leveled up to the 65th perceantile
of districts when ranked from low to high in terms of spending per
pupil. In the situation where 1979-80 AOE are adjusted for general
~inflation, this 65th percentile would be at $2,546 per TAPU. Under this
gcheme, all districts would spend at least this amount, but'those spend-
ing more could continue to do so.

As reflected by solution 4 (table 1) such a scheme would have a sig—
nificant impact on scheool spending statewide. Total operating expenseas
would rise to $8.2 billion, a 19% increase over and above the 1979-80
levels, or 13% above the existing expenditure levelg adjusted for infla-
tion. With no change in the state aid formula, the state share of school
‘expenditures would fall from 35% in the base case to 33% and average tax
rates would increase to $24.26 per $1,000 full value. Most of this
increase in tax rates occurs in poorer districts previously spending at
levels well below $2,546 per TAPU.

Although the spending scenarios in solutions 2-4 maﬁ be realistic

attempts to equalize education opportunity, it is unrealistic to assume
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that they would be financed without an updating of the aid formula. By
letting either the C's or the X's be decision variables, the model can

determine the appropriate modifications in the aid formula to minimize

state aid subject to lower ceilings om local tax rates.

By imposing tax rate ceilings of $35 per $1,000 on school districts
and solving for optimal ievels of Xl and XZ’ state aid increased under
the first three expenditure scenarios (table 1). As indicated by solu—
tion 5, optimal levels of Xl and X2 under the base expenditure levels
fall to 0.37 and 0.0, respectively, indicating that the state pays 647% of
the tier 1 ceiling level and the entire tier 2 ceiling level of $100 to
the district of average‘wealth. The state's share of the total expendi-
tures rises from 35% in the base case to 44%. Similar patterns are
noticed if fixed Xl and X, is compared with optimal levels of Xl and

2

X2 for equalized expenditure level assumptions (solution 2 vs. solution
6). Optimal levels of Xl and X2 fall to 0.49 and 0.0, respectively. The
state ﬁays 51% of the tier 1 ceiling to the district of average wealth
while all districts eligible for tier 2 aid receive a "flat grant” of
$100 per TAPU, the tier 2 ceiling level. The share of total expendi-
tures, $7,209 million, paid by the state is increased from 38% under the
current aid formula to 41%. When expenditures are ad justed for differen-
tials in costs of providing services (solution 7), Xl falls to 0.22, X2
remains at 0.0 and the average state share increases to 51%. Property
taxes, relative to the base case, fall by 23%. Tax rate reductions are
more modest for solutloms 5 and 6.

Conclusion

This paper demonstrates how combined systems of state and local

school finance can be gtudied within a linear programming framework. For
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New York State, the parameters of an existing state aid formula can be
modified to minimize state aid required to meet new equalized, cost-
adjusted or leveled—-up expenditure levels. As onme varies ceilings on
local property téx rates, the optimal values of the parameters of the
state ald system change dramatically,_as does the state's rélative‘share
of totallexpenditures. Although significant disparities in expenditures
and tax rates among districts are not easily reduced under the modified
aid formulas examined, the model helps identify the tradeoffs between
state and local taxpayer equity and the resources provided students in
the state's 700+ school districts. From the magnitude of the changes
involved, adjustments based on an optimizing strategy may be more effec-—
tive than those based on ad hoc analysis.

In this paper, optimal levels of only the aid distribution param-
eters were obtained. It is clear that a simple change in the parameterg
of the aid formula cannot resolve the current problems. In a meore exten—
sive analysis, one would also want to: vary the aid ceilings systemati-
cally and place constraints on minimum levels of local tax effort to see
how a combined change in both sets of parameters affects the distribution
of costs between the state and local ﬁaxpayers; examine the implications
of district power equalization in the state; and perhaps, investigate the
implications of utilizing personal income as a substitute for or a sup-
plement to property values as a measure of wealth (Education Unit). The
- flemibllity of the programming structure described above, would accom-—

modate this extended analysis within a consistent frame of reference.
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