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ALTERNATIVE APPROACHESTO MEASURING
THE COST OF EDUCATION

Introduction

Over 20 years after the Serrano v. Priest (1971) decision by the Cdifornia Supreme
Court sparked intense debate over school finance equity, the topic remains at the forefront of the
education reform debatein many states. Over the past two decades, anumber of stateshavefaced
law suitsover the equity of their school finance system and severa states have been forced to make
changes. Inthe last severd years, a new round of court cases has chalenged traditiona equity
standards and solutions implemented in response to past court chalenges. This paper addressesa
central issue in this debate, namely educationa cost differences across school didtricts, that has
been virtudly ignored by the courts and Ieft out of recent reform efforts.

For the most part, the school finance debate has focused on differencesin school district
fiscd capacity, and aid formulas typicaly make some effort to compensate low-capacity districts.
Much less attention has been paid to the other sde d the school district budget, where cost
differences have a magor impact on educationa outcomes. The courts have focused on the
equaization of expenditure per pupil and not on adjusting expenditure to achieve equa educationa
outcomes. Cost adjustments made by states tend to involve ad hoc adjustment factors, such as
"welghted pupil measures' to account for high-cost students and scal efactorsto compensate small,
rural school districts Aid formulas based on these cost factors are likely to under-adjust for cost

differences, and indeed may even magnify existing disparities instead of easing them.



Over the last decade, severa scholars have developed methods for constructing
educationd costindices. Inthisliterature, the need to account for education cost factorsiswidely
acknowledged, but scholars disagree about the best way to define and measure costs. Aswe use
theterm, "cost" refersto the expenditure or outlay needed by adigtrict to provide aspecified level
of education attainment or outcome, not to actua expenditure. In other words, cost refersto the
value of the resources a district must consume in the production of a given level of student
achievement. Cogt differentialsreflect both the costs of inputs and the harshness of the production
environment.” Actual expenditure, on the other hand, reflectstheinfluence not only of cost factors,
but aso of demand factors, such astax price, and of ingtitutiond factors.

Our objectives in this paper are to develop a method for estimating a comprehensive
digtrict-level educationd cogt index that builds on the exigting literature and can be implemented
with available dataand then to estimate thisindex using datafor New Y ork State. Although wedo
not explicitly consder sate aid, methods for incorporating cost indices such asoursinto state aid
formulas are well known.®> The main contribution of our approach is the development of new
methods to select educational outcome measures and to control for school district efficiency.
Moreover, the gpplication to New Y ork is ingtructive because school digtricts in the state have a
widevariety of educationd environments, from sparsaly populated rurd areasto large centrd cities.

Our gpproach iscons stent with many of the principles underlying recent educationd reform

efforts. In particular, many states have moved from process- oriented to outcome-ariented polices



such asthe devel opment of common standards and achievement measures. Moreover, many states
haveimplemented programs designed to encourage school choice and efficiency.” Despitethisnew
focus, recent reform efforts have not recognized, for the most part, that outcomes and efficiency
cannot be accurately compared across districtswithout aviable method for measuring educationa
coss. Some reforms, including those in South Carolina and Dallas, have discovered that
performance measureswill beworse, on average, for low-incomethan for high-incomeschoolsand
make ad hoc adjustments to account for this cost-related effect.” However, these reformsdo not
explicitly recognize the role of input cogts or environmental factors, and their adjustments do not
accurately account for cost variation across schools or school districts.

Our analysis shows how to estimate cost differences across didtricts controlling for district
efficency, but a complete andyss of the role of cost indices in state ad formulas is beyond the
scope of thischapter, largely because digtrict efficiency may beinfluenced by stateaid. Moreover,
as many other chapters in this book make clear, education reform requires changes in incentive
systems and school management as well as in school finance. Our objective in this chapter isto
highlight theimportance of educational cost differencesacrossdisiricts so that these differencescan
beincorporated into broad school reform efforts. The cost model swe devel op canincorporatethe

new performance measures which have been developed in recent education reforms.



Educational Production and Costs

Our gpproach builds on the large literature on educationa production functions and
educationa cods. This section reviews the key eements from this literature and discusses the
unique features of our approach. The following section presents our empirica andyss.
Educational Production Functions

Theliterature on thetechnology of public education focuses on aproduction function of the

form:

1 Si=a [ th X +d Sutaet+tm, .

The subscriptsi and t indicate school and time, respectively; Sisameasure of educationa service
or output, such as atest score or a drop-out rate; | is a vector of inputs, such as teachers and
classrooms; X is a vector of environmenta factors, such as the share of students with learning
disahbilities; eisaset of unobserved characteristics of the school and its pupils, pisarandom error
term; and a, B, and d are parameters to be estimated.” The lagged vaue of S captures the
continuing impact of inputs, environmental factors, and random errors in previous years on this
year's output; its coefficient, d, measureshow fast the output from the previousyear " deteriorates’
between school years®

Environmental factors, X, aso have been cdled "externd” inputs, thet is, inputs not

controlled by school officids. Theterm "environmental factors' istaken from theliterature on local



public finance® whereastheterm "externd inputs' istaken from theliterature on school production
functions. Althoughthesetwo literatures devel oped separately, thesetwo termsrefer to exactly the
same concept. Severa recent studies have brought these two strands of literature together. ™

If observations for each school are available at three pointsin time, this equation can be

transformed into change form:

2 St Su=a(lie Lin)*b(Xik Xiw)*d(Siu Sie)r(m, m,u)-

Inthis case, the dependent and explanatory variables are expressed in change form and the school-
specific effect, g, cancelsout. Without differencing, the unobserved school-specific effect canbea
source of omitted variable biasin equation 1.1

Focusing on aspecific educationd output isthe most direct way to look at the technology
of public education. Moreover, this gpproach can be applied to school digtricts, schoals,
classrooms, or even students® The more micro levels of focus make it possible to isolate the
variables that influence the interaction between students and teachers thet is a the heart of this
technology.

Thisapproach dso has some disadvantages, however. The principa onefor our purposes
is thet it focuses on one output at atime.** Public schools are complex ingtitutions that provide
many different outputs, which are likely to share inputs and influence each other, that is, to be

produced jointly.** Asaresult, it isdifficult to make statements about the technol ogy of production



for al educationa outputs on the basisof equations1 or 2. Thislimitationiscrucia for usbecause
our objectiveisto determine the differencesin technology, and the associated differencesin costs,
for the unit that iseva uated and aided by state government, namely the school district. Weneed an
overview of educationa technology in adigtrict, not the specific classroom technology for asingle
educationa output.
Educational Cost Functions
This problem leads us to the principad dternative method for studying educationd
technology, namely an analysisof school spending or costs, defined asthe sum of input purchases™
Asociated with every production function, such as equation 1, is a cost function.
However, cost functions are only observed at the didtrict leve, in effect after the cost functionsfor
various educational outputs have been aggregated. Let the subscript j indicate the school digtrict.
Suppose S* isanindex of educationa output for aschool didtrict, E isspending, and AC indicates

expenditure per unitof S, . Spending is measured in per pupil terms. Then by definition:

©) Ei«= (S*jt) (ACjt) .

Moreover, a generd form of the average cost function is (ignoring past history, S:.. , for the

moment)

(4) AC]t:C(S*]t 1Pjt )th 1ej 1njt ) ’



where P isavector of input prices, eisaset of unobserved district-specific variables, and visa

random error term. Combining equation 3 and equation 4 yields

(5) Ejt:h(Sjt !Pjt 1th 'eJ !njt ) .

Before estimating equation 5, we must dedl with three mgjor conceptua issues. The first
issueisthat St clearly isendogenous; school digtricts make spending and service quality decisons
sSmultaneoudy.™® Fortunately, the literature on the demand for public education providesextensive
ingrumentsto usein as multaneous equations procedurefor equation 5. In particular, the sandard
median voter mode of education demand shows how public service qudity, St in our approach,
depends on income, intergovernmenta aid, tax-share (usualy specified as the ratio of median to
mean property values), and preferences.’’

As an aside, this gpproach is based on the auxiliary equation

©® S =d(Di,y ;) .

where D is a vector of demand variables and ? is arandom error term.  This equation can be
subgtituted into equetion 5 to provide an dternative to our basic agpproach.  Ultimately we will
compare cost indices based on equation 5 with cost indices based on equation 5 after equation 6

has been subgtituted into it. However, this "reduced form™ approach has a mgjor disadvantage



compared to estimating the structural equation 5, namely that environmenta factors influence a
voter's tax price, which is her tax share multiplied by the marginal cost of public services, and
therefore are demand factorsthemsdalves. Hence, the coefficients of environmental varigblesinthe
reduced-form gpproach reflect both their direct impact on educationd costs, which isthe effect we
are after, and ther indirect impact through demand. These effects cannot be untangled without
assuming specific functiona formsfor the relationshipsin the modeCformsthat cannot be tested.*
We prefer the structura approach because it requires no such assumptions.

The second issue concerns how to measure S¢. One possible approachisto includeevery
possible measure of school outputs and let the regresson procedure determine how they are
weighted to form S*. This gpproach has two serious problems. First, because output measures
often are highly corrdlated with each other, it introduces extensve collinearity into the regression.
This collinearity may make it impossible to estimate any coefficients with precison, including the
coefficients of the cost variables. Second, this gpproach undermines our ability to identify the
model, since every new (endogenous) output measure requires another instrument. Asapractical
matter, therefore, the key problem is how to pare down the set of school output measuresin a
sengble way.

Equation 6 provides a partid solution to this problem. When andyzing district spending,

oneisinterested in school output measuresthat households care about, asreflected in their demand



for public services. School output mesasuresthat are uncorrelated with demand variablesdo not fit
thebill.

Thisisonly apartid solution to the problem, however, because equation 6 includesan error
term, ?, so that some outputs people care about at a district level may not be correlated with
demand variables, at least not with demand variables we can observe. Hence, evidence that an
output variableis corrdated with demand variables must be combined with judgements about the
importance of various output measures based on previousliterature. Our judgementson thisissue
are presented below.

Thethird issue isthat equation 5 includes two error terms, which we do not observe and
which might be a source of bias. The digtrict-specific effect, e, which captures adl unobserved
variablesthat do not vary over time, can be diminated through differencing, asin equation 2.*° For
our purposes, however, differencing has two serious limitations. Firdt, this procedure makes it
impossible to observe the impacts of input and environmenta factors that do not vary over time;
these impacts are buried in the digrict-gpecific effect. Because many input and environmenta
factors vary only dowly over time (and often cannot even be observed every year), thisapproach
may mask most of thevariation in costs across districts and is not gppropriate when one's objective
is to obtain a comprehengve cost index.

Second, as seenin equation 2, differencing does not €iminate variablesthat vary over time.

Thesevarigblesarelikely to include many inputsand environmenta factors, dong with unobserved
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outputs, adistrict's past service quality, and its degree of ineffidency.® Unlessthesevariablesare
accounted for, estimated coefficientsfor input and environmenta factorsthet areincluded arelikely
to be biased--even with differencing. Moreover, this bias could be upward or downward,

depending on the corrdation between the included and excluded variables.

To ded with these problems, we estimate the undifferenced form of the cost functionwitha
new control variable designed to capture dl the systematic components of both e and v. The
varigble we use is based on a technique called Data Envelopment Andysis, or DEA, which has
been used to measure school didtrict inefficiency?. Costinefficiency isthe extent to which adistrict
is spending more than necessary to obtain its output level. Thisinefficiency conggts both of using
too many inputs for a given amount of output (technica inefficiency) and of using the wrong
combination of inputsgiveninput prices (input alocativeinefficiency). Further explanation of DEA
is provided in the appendix.

Asit turnsout, astandard DEA "efficiency” measure capturestheimpact of any factor that
influences the relaionship between service quality and costs--not just didrict efficiency. All dse
equd, an efficient digtrict can obtain the same service qudity asaninefficient didrict at alower cost.

As discussed in the appendix, however, the relationship between service qudity and cogsisaso
affected by environmenta factors? Consider two equaly efficient districts, one of which has a
very harsh environment compared to the other. The district with the harsher environment will have

to spend more to obtain the same service quality. Hence a standard DEA measure picks up the
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impact of environmental factors as well as of efficiency. The same logic gpplies to any other
unobserved systlemétic factor in ether error term of equation 5. Didtricts that made rdlatively high
investments in education in the past, for example, will have afavorable legecy that dlowsthem to
obtain the same service quaity as other districts at alower cost.?

Thus, induding astandard DEA "efficiency” measure will diminate the potentid biasfrom
the unobserved, and hence omitted, non-cost variablesincluded in the two error termsin equation
5. DEA capturestheimpact of any factor that influences the rel ationship between service quality
and costs, so our DEA varigbleis acomprehensive insurance policy against omitted varigble bias.

Unfortunately, however, thisinsurance policy hasaprice, namdy the resulting duplication of
contemporaneous input and environmental cost variables®  To be specific, input prices and
environmental factors are included as the Xsin equation 5 aswell asin the DEA varidble. Asa
result, some of the full impacts of input prices and environmental factors on costswill be captured
by the estimated coefficients of theXsand somewill be captured by the DEA variable's coefficient.
We do not know exactly how theseimpactswill be divided, but we do know that the trueimpacts
will not be fully captured by the Xs, that is, by the observed vaues of the input prices and
environmenta factors.

Our cogt indices are based soldly on the coefficients of the Xsand are not affected by the

coefficient of the DEA control variable. It follows that our gpproach inevitably provides an
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underestimate of the impact of input prices and environmental factors on costs, some of the true
impact of the environment is buried in the DEA codfficient.

In addition, our agpproach focuses on the role of contemporaneous input prices and
environmentd factorsand ignores past va ues of thesevariables. One could arguethat acost index
should capture past aswell as current values of thesevariables. A district should be compensated,
the argument might go, for the lingering effects of ardatively harsh environment in the past, aswell
asfor aharsh environment in the present. This argument has some apped, but it aso raises many
unresolved issues, such as how far back in history to go. Moreover, past history is difficult to
observe and incorporateinto themode. To theextent that contemporaneous values of input prices
and environmental factors are highly correlated with past values, our approach may pick up some
past history. But neither our gpproach nor any previousresearch produces cost indicesthat include
acomprehensve treetment of each digtrict's history of input prices and environmenta variables.

In short, our approach providesaconsarvative estimate of theimpact of contemporaneous
input prices and environmental factorson school digtrict costs. Although an exact cost index would
be preferable, no procedure for estimating such anindex isyet available, and our approach hasthe
advantage that the estimated coefficients are not biased upward (in absolute value) because of
unobserved didtrict inefficiency or past effort. Moreover, afocus on contemporaneous, as opposed
to past, input prices and environmenta factors, is gppropriagie given the complex role

(philosophicaly and technicaly) of past history and the limitations on available data
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Onefind point: A DEA "efficiency” measure aso might be endogenous, that is, some of
the same factors that influence decisions about spending might dso influence decisons that leed
didrictsto act in an efficient manner. To account for this possbility we identify an instrument for
digtrict efficiency and treat the DEA measure as endogenous.

Cost Indices

For the purposes of designing intergovernmental aid formulas, one needsameasure of the
cogt, based on factors outside a digtrict's control, of providing a given quaity of education.®
Educationd qudity is defined by the educationa outputs, S. Because equation 5 determines the
impact of input and environmental costs on spending holding S constant, it isidedly suited for
cdculating a cost index. This gpproach has been gpplied both for school and non-school
spending.? Our cost indices are calculated in the same way asthe indicesin previous studies; as
explained below, these cost indices use the estimated regress on coefficientsto caculatetheamount
each digtrict would have to spend to obtain average qudity public services.

An dternative approach to cost indices based on compensating wage differentidsalso has
appeared in the educationd literature. According to this gpproach, some didtricts have to pay
higher wages than other digtricts to attract teachers of the same quality. Severd studies have
estimated the extent to which teacher wages vary across didtricts based on factors outside a
digtrict'scontrol (accounting for factorsthat adistrict can control) and then ca culated awage index

based on this estimation.?
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The problem with this approach is thet it dramaticaly minimizes the role of the school
environment. A comprehensve cost index needsto account not only for thefact that somedidtricts
must pay more than others to hire teachers of any given qudlity, but aso for the fact that some
digtricts must hire more teachers than others to provide the same quality educationa outputs for
their students.  Indices based on wages aone therefore inevitably provide an incomplete and
potentially mideading picture of cost variation acrossdistricts® Wewill demonsirate this problem

using our New Y ork data.

Empirical Analysisof Costsin New York School Districts

We estimate cost models and education cost indicesfor 631 school districtsin New Y ork
in 1991.% This section describes our measures, data sources, and empirical analysis of education
costs, and it provides a comparison of aternative education cost indices.

M easures and Data Sour ces

Table 1 provides descriptive atistics for the variables used in the andysis. A digtrict's
approved operating expenses (AOE) per pupil, which is provided by the New York State
Department of Education, is used b measure expenditure. AOE includes salaries and fringe
benefits of teachers and other school staff, other ingtructiona expenditure, and al other expenditure
related to operation and maintenance of schools®' Average AOE per pupil for the sample was

about $6,054.
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Potentia school outcome measures in our data range from standardized test scores to
dropout and graduation rates. Both the production and cost literature have relied most heavily on
average achievement test cores as output measures. A few studies also have emphasized the
roleof test scoredistributions.®* Oneargument infavor of distributional measures, such asstandard
deviations, isthat education to somedegree servesascreening function. Asonescholar points o,
"Inascreening mod, the output of schoalsisinformation about ther €l ative abilities of students.®
This would suggest that more attention should be directed toward the distribution of observed
educationa outcomes (instead of Smply themeans)." Severd studiesaso havefocused onthe high
school drop-out rate.

As discussed previoudy, collinearity severdy limits the number of outcomes that can be
included in a cost modd. We used a three-step process to select a reduced set of outcome
measures. First, we identified outcomes that appear to be related to voters willingnessto pay for
education by regressing each potential outcome measure on a set of education demand variables,
including income and tax share. Using a broad definition of "related,” namdy an adjusted R
squared of at least 0.1, we were able to diminate both the average and the standard deviation of
standardized achievement test scores as outcome variables for this anadysis™®

Second, from the set of outcomes correlated with demand factors, weidentified subsetsof
variables that, based on previous research, appeared to be reasonable measures and then, where

appropriate, calculated an average across the variables in such a subset. This step led to three
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outcome measures, dl of which capture the tails of the student achievement distribution, instead of
the average asin much previousresearch. Thefirst of these measuresis based on Pupil Evauation
Program, PEP, tests given to dl third- and sixth-grade studentsin reading and math. The specific
measure is the average percentage of students performing above a standard reference point on
these four exams. The standard reference point is used to identify students requiring specid

assgtance (and Chapter 1 funding from the federal government). The second nmeasure is the
percentage of students receiving a specia Regents diploma upon graduation from high school.

Regents diplomas are given to students who pass standardized tests given by the state to high
school students. To balance this measure of achievement, the third measure is the inverse of the
drop-out rate, namely the percentage of students not dropping out of school.*

Third, we used factor andysis to determine whether the sdection and clugtering of our
outcome measures adequately captured the variation in the dataacrossal potentia such measures.

The size and pattern of the factor scores strongly supports our choices.

Asexplained earlier, acost mode should control for unobserved didtrict characteristicsthat
influence cogts. Using the DEA method discussed in the previous section, a standard cost
"efficdency” index was constructed for each school district based on AOE per pupil and the three
outcome mesasures presented in Table 1. As explained earlier, this index captures not only
efficiency but so environmenta cost factors and past school decisions that shift the cost frontier

facing aschool didrict. Becausethisindex isheld congtant in congtructing the cost indices, we are
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being conservativein our estimate of cogts; that is, our cost indices ignore any cost effects picked
up by the DEA index ingteed of by the input and environmentd varigblesin the cost model. The
average "efficiency” score is 0.66, with 23 didtricts (4 percent) with an index of one and 350
digtricts (55 percent) with an index below 0.7.

Cog differences across didricts reflect both input price differences and environmenta
factors. To measure input price differences, we estimated a teacher salary index. This index
adjustsfor differencesin teacher experience, education, and certification to reflect differencesinthe
cost of teachers of equivadent quality.®® A potentia problem with the index is endogeneity arising
out of the relationship between teacher salariesand spending decisions. It ispossblethat someof
the variation in teacher salaries reflects discretionary decisons by district adminigirators, not
underlying differencesin opportunity wagesfor teachers. To avoid this problem theindex isbased
on salaries of teachers with five years or less of experience. Even if excessve expenditures are
used primarily to increase teacher's sdaries, this benefit islesslikdy to accrue to the most recently
hired teachers. Moreover, as explained below, this wage variable is treated as endogenous.

For the mogt part, the cost literature focuses on one environmenta variable, namely the
number of students. The centra question addressed inthisliteratureiswhether per-pupil costsrise
or fal when the number of pupils increase, that is, whether there are economies to pupil scae.®
Because many studies find that expenditures per pupil are a U-shaped function of enrollment, we

include enrollment and its square as environmenta variables* Past studies have also considered



18

the share of studentsin secondary grades, the share of studentsin specia education programs, the
share of sudentswith limited English proficiency, and the share of students receiving asubsidized
lunch.*?

The education production literature has highlighted the importance of family background
and student characteristics™ Our dataset allows usto messure severa environmenta variablesin
these categories, namely the percentage of childrenin poverty, the percentage of householdswitha
femae single parent, the percentage of children with limited English proficiency, the percentage of
students with a handicapping condition, and the percentage of total enrollment that is high school
students™

Searvice outcomes, the efficiency index, and the price of labor are dl determined
smultaneoudy with district spending through discretionary decisons madein the annua budgeting
process. To contral for thisendogeneity, our cost model isestimated using two-Stagelesst quares,
with an appropriate s&t of additional instruments. The instruments associated with the service
outcomes are drawn from the literature on the demand for public services® Following astandard
median voter modd, we use median income as a fundamenta determinant of voter demand.
Demand a so depends on intergovernmental ad; our state aid variable, basic operating aid, isthe
principal form of non-categorical aid provided to school districtsin New Y ork.*® Thestandard tax
price facing the median voter equals her tax share multiplied by the margind cost of educationd

sarvices Themargina cost component is aready in the cost mode (in the form of the input price
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and environmenta factors), but the tax share makes a suitable instrument. \We measure the tax
share with the ratio of median to mean resdentia property value and with an estimate of the
district's ability to export some commercia and industria property taxes onto non-residents.”’
Findly, we indude saveral socio-economic variables that are likely to be related to demand for
education, namely the percentage of householdswith children, the percentage of householdslivingin
owner-occupied housing, and the percentage of adults with a college degree.*®

We a's0 use ingruments associated with the price of |abor or the efficiency index. Since
comparable private sector pricesfor teachers were not available, we use 1990 county population
asaingrument for teacher sdaries. Our choice of thisinstrument is based on the stylized fact (and
a centrd prediction of urban economics) that the cost d living, and hence, the cost of hiring
workers, increases with metropolitan population. Identifying instrumentsfor the efficiency index is
more difficult. While there is alarge literature on bureaucratic behavior, there is little associated
empiricd literature examining the causes of inefficiency.*® The bureaucratic models suggest thet
gregter inefficiency will be associated with larger and wedlthier school didtricts, those facing less
competition, and those with poorer performance incentives for their employees.  Enrollment and
median income dready have been included as exogenous variables. Good measures of private
school competition are not available, but competition aso may comein theform of voter referenda

on school budgets. InNew Y ork, al school districtsare required to have budget referenda except
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for city school digtricts, wherethe budget is set entirely by eected city officias. A dummy variable
for city districts therefore isinduded as an instrument for the efficiency index.>
Cost Model Results

We estimate our education cost model s using amodified Cobb- Douglas cost mode witha
quadratic enrollment term. The Cobb- Douglasformimposes severd redtrictionson the production
technology for educationa services™ The smplicity and conoeptud plausibility of this function
dong withitsfrequent successful applicationin empirical research outweighits potential limitations>
The dependent variableisthelog of AOE per pupil. The cost modeswere estimated using linear
2SL S, with outcome measures, the efficiency index, and the price of |abor trested as endogenous.

Our initid specification, called Modd 1, is presented in thefirst column of Table 2. This
gpecification, which is based on the three outcome measures defined above, performs very well.
The outcome measures dl have positive coefficients, as expected, and two of the three coefficients
areddidicaly ggnificant. The PEP test scoresvariable (the average percentage of sudentsabove
standard reference point) has a tdatistic of 1.5. The Aefficiencyfl index has, as expected, a
negative coefficient and issatigticaly sgnificant; greater efficiency inaschool district isassociated
with lower expenditure, ceteris paribus.

Moreover, Sx of the eight cost varigbles have gatidicaly sgnificant coefficient with the
expected Sgns. Theteacher sdary variableis, asexpected, postively related to expenditureandits

coefficient is quite large; in fact, a 1.0 percent increase in teacher salaries is associated a 0.89
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percent increasein per pupil expenditure. Both enrollment variables are Satisticaly sgnificant and
indicate a U-shaped per pupil expenditure function. Based on these reaults, the "minimum cost
enrollment” falls a a district enrollment of about 3,300 pupils® Child poverty rates and the
percentage of fema e heeded households, included to reflect family background, are both positively
rel ated to expenditure and Setistically sgnificant, and we find apositive and Sgnificant reaionship
between spending and the share of high school students with limited English proficiency. The
percentage handi capped and percentage high school variables also have the expected Sgnshbut their
t-datigtics are just above 1.0. Overdl, this regresson provides strong confirmation of our
approach; by controlling for (endogenous) outcome measures, efficiency, and past history, onecan
precisaly measure theimpact of many contemporaneousinput and environmental cost variableson
school digtrict spending.
Wedso estimated severd variants of thismodel to determinethe robustness of our results.
In Modd 2 we explore one possble explanation for the inggnificance of the percentage
handicapped variable, namely the heterogeneity of the studentsin this category and the associated
vaiation in the specid sarvices they need. Using disaggregated information on handicapped
students in New York by the level of service then receive, we examined severd handicapped
variables in the cost moded.> The percent of students with severe handicapping conditions
(requiring specid services out of the regular classroom at least 60 percent of the school day) does

have a gatisticaly sgnificant pogtive affect on digrict expenditures. A one percentage point
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increasein these studentsraises per pupil expendituresby closeto one percent. The other outcome
and cog factorsremain getigicaly sgnificant with little changeinthair coefficients. Modd 2isour
preferred specification and is used to congtruct our principal cost index in Tables 3 and 4.

Because one of our outcome measuresis not statistically significant, we also estimated cost
models using two different pairs of outcome measures. Theresulting models, called Models 3 and
4inTable 2, eechinclude aDEA efficiency index based on only the two outcome measuresin the
model. In both cases, the coefficient of the PEP scores variable is setigticaly sgnificant with a
magnitude smilar to that in Modd 1. These results reinforce the importance of controlling for
elementary student performance in the congtruction of cost indices and suggest that it may be
collinearity that keeps down the significance of the PEP varigble in Modds 1 and 2. Because it
provides a broader range of outcome measures, we will utilize the three-outcome mode to
congtruct our education cost indices.
Comparison of Education Cost Indices

The cost modds in Table 2 can be used to construct comprehensive educational cost
indices. Our cost index is designed to capture the key cost factors outside of adistrict's control,
including the underlying cost of hiring teachers (the opportunity wage), didtrict size, family
background, and student characteristics. Variation in expenditure among didtricts that reflects
differencesin sarvice quality, in efficiency, or in past higtory isdliminated from the ca culations; thet

is, sarvice qudity and efficiency are held congtant across didtricts. To be specific, we multiply



23

regression coefficients by actual district values for each cost factor (and by the State average for
outcomes and efficiency) to construct a measure of the expenditure each district must make to
provide average quality services given average inefficiency.® Our cost indices Smply expressthis
predicted expenditure relative to the state average.®

Thefirst column of Table 3 presentsour principa cost index, whichisbased onModd 2in
Table 2. Thisindex has arange from 78 to 240 with a standard deviation of 17. Seventy-five
percent of the digtricts have indices below 105, and 75 percent have indices above 90.

Table 3 also presents several dternative cost indices. Columns 2 and 3 presents cost
indices based on dternative cost modds; the cost modd in column 2 has no control for district
Aefficiency, @ and the one in column 3 treats digtrict efficiency asexogenous. These columnsreved
that, compared to our preferred model, ignoring Aefficiencyl tends to magnify cost differences
across didricts wheress treating Aefficiencyll as exogenous tends to dampen them. Because our
Aefficiencyl index reflects cost factors to some degree, leaving out this index boosts the impact of
the codt factorsin the equation. Because the index aso reflects other factors, such as efficiency,
that may be corrdlated with cogs, the index in column 2 may be affected by omitted variable
biasCand may therefore overstate cost differences across didricts. Treating efficiency as
exogenousintroduces another possible bias, namdly endogeneity bias. Asit turnsout, the effect of
leaving out the Aefficiencyl variable dtogether issmaller than tresting Aefficiencyll as exogenous, at

least on average, so the correl ation between theindicesin thefirst two columns, 0.94, ishigher than
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the correlation between theindicesin columnsone and three, 0.84. Thisresult indicatesthat acost
index correcting for Aefficiency,@ whichisdifficult to obtain, isroughly proportiona to acost index
without an Aefficiency@ correction. However, the actud distribution of aid using these two cost
indices be quite different because the Aefficiency@l correction lowers variation in cogts.

Table 3 dso compares our preferred cost index with acost index based on an dternative
approach in the education literature and with two forms of cost indiceswiddly used in practice. As
explained earlier, if demand varigbles are substituted for service outcomes, then an indirect (or
reduced-form) expenditure model can be used to construct a cost index.*’

Mogt dtates use some form of weighted pupil measure in the dlocation of aid. In New
Y ork, for example, students with specia needs, handicapping conditions, or in secondary school
receive heavier weightsinthedigtribution of aid. By taking theratio of welghted pupils (specificaly,
tota weighted pupil units, TWPU) to total enrollment we construct a cost index that indicates the
level of cost adjustment in atypicad stateaid formula. Thisagpproach makes ad hoc adjustmentsfor
cost differences across some types of students and is likely to understate overal cost differences
because it focuses on only afew cost-related student characteristics.

The most common cost index proposed in education research focuses on the relationship
between socio-economic factors and teacher salaries. Teachers are expected to command higher
sdariesif they are of higher quality (or have characteristics rewarded in union contracts), or if they

have to work under more adverse working conditions. Working conditions can be affected by
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district decisions concerning resource utilization (pupil-teacher ratios) or by socio-economicfactors
out of the digtrict's control that reflect the harshness of the education environment (such as a
relatively high incidence of special needs or disadvantaged children). By holding teacher quality,
demand variables, and discretionary resource factors constant, these studies have constructed
education cost indices to reflect the wage differentias required to "compensate” for an adverse
socio-economic environment.®  While a compensating wage-based cost index may capture cost
factors associated with higher teacher sdlaries, it does not control for differencesacrossdigtrictsin
resource usage (including hiring of teacherdl) required to provide agiven leve of service outcomes.
The lagt three columns of Table 3 present these dternative education cost indices. The
indirect cost index, which does not control for inefficiency has dightly lower varigbility than our
preferred costindex in column 1.%° Theleast variability appearsin the weighted-pupil and teacher-
sdary indices, largdly becausetheseindices are only capturing aportion of actua cost differentias.
Corrdation coefficients reiterate the substantial differences among these indices. The
correlation between our preferred index and the indirect index is 0.63, which suggests that the
indirect gpproach may not do a good job controlling for service quality differences and may
therefore result in biased cost indices® The correlation between our preferred index and the
weighted- pupil index isextremely low, only 0.14; the gpproach used by New Y ork Statetherefore
misses most of the actual variation in codts across digtricts. Findly, the correlation between our

preferred index and theteacher sdary index is0.47, indicating only amoderate correlation between
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the factors that push up the sdlary needed to attract a given quality of teacher and the factors that
push up the cost of providing agiven quality of educationd services. Theteacher sdary index isnot
related to either the indirect cost index or the weighted pupil index.
To provide a more disaggregated comparison of these cost indices, Table 4 presents
averageindex scoresby region, enrollment sze, and income and property wedlth of school didtricts.
The direct cost index with endogenous efficiency identifies the large upstate centrd cities and
downsgtate small citiesas having the highest cogts. (Thelarge downgate cities, New Y ork City and
Y onkers, arenot included in sample dueto missing data)) Thisresult reflectshigher teecher sdlaries
in downgtate districts and higher environmental cost factorsin upstate cities. Upstate suburbsand
rurdl digtricts have below average costs. Thistable also clearly shows the U-shaped rdlationship
between costs and enrollment and reveal sthat costs tend to be dightly higher for both the poorest
and the richest districts, measured by ether income or property wedlth. Higher income or wedlth
digricts, particularly in downstate New York, may have a reatively favorable educationa
environment, but they must pay relatively high teacher sdaries
Table 4 dso shows the vaues for the aternative indices in each of these categories.
Compared to our preferred index, the cost differences across types of didtrict are magnified
somewhat with the no-efficiency index and dampened consderably with the weighted-pupil,
teacher-cogt and indirect cost indices. Comparing the various indices by pupil-sSze category

reinforces the Ssmilarity between our preferred index and the no-efficiency index, but o reveds
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substantia differences between our preferred index and the others.  The indirect cost index

accentuates the U-shagped relationship between enrollment and per pupil costs, while the other
indicesundergaethisrdationship. Ingenerd, they completdly fall pick up therelaively high costs
of small digtricts and understate the costs of the largest districts® Comparisons based onincome
class or property value class dso identify severd digtinct differences between indices. While our
preferred index shows little variation across income (and property wedlth) classes, the no-
efficiency, indirect cost, and teacher sdlary indices show subgtantialy higher cogtsin low-income
digricts. These differences are difficult to interpret sSnce they could reflect ether inefficiency or
unobserved environmental cost factors.

What types of districtstend to have particularly high or low costsand which environmentd
factorsprincipally account for these cost differences? To answer thisquestion we examined theten
percent of school digtricts with the highest and lowest costs (Table 5). Average vaues for
environmenta factorsfor these didtricts are compared to the state average. For high-cost districts,
costs average 52.7 percent above the state average, $3,046 per pupil. All upstatelargecitiesand
over 70 percent of downstate smal cities qualify as hgh-cost districts. Over 10 percent of
downgtate suburbs and upstate small citiesasofdl inthiscategory. Enrollment, percent of children
in poverty and with limited English proficiency, and percent of sngle-parent femae-headed

households are dl well above the state average in these didtricts.
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Combining the environmental indiceswith the regresson coefficientsfor modd 2inTeble2,
we can identify which environmentd factors have a particularly strong effect on costs. Higher
teacher salariesand ardatively high number of female- headed househol dseach account for over 30
percent of the higher codts in these didricts. Limited English proficiency and poverty are dso
important factorsdriving up cogs. The higher enrollmentsin some high-cost digtricts may actualy
lower per pupil costs, because their enrollments are close, on average, to the cost minimizing
enrollment.

The 10 percent of districts with the lowest costs have costs 20 percent below average,
$1,091 per pupil. Most of these digtricts are upstate suburbs;, afew are rurd digtricts. Poverty,
femde-headed households, severdy handicapped students, and students with limited English
proficiency aredl relatively uncommon. Lower teecher sdaries, lower poverty rates, fewer female-
headed households, and higher enrollments each account for 20 percent of the lower costsin these

districts.
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Conclusons and Policy Implications

At the conceptud level, theimportance of educational costs cannot bedenied. Through no
fault of their own, some school digtricts must spend more than other digtricts to obtain the same
level of educational outcomes. Despite widespread agreement on this point among scholars,
educationd cogt indices remain illusive because any method to estimate them must overcome
complex methodologica obstacles. Given the stakes involved, namely the dlocation of state
educationd aid, webelievethat overcoming these obstaclesisone of the principa chalengesfacing
scholars and policy makersinterestedin education finance. This paper developsand implementsa
method for estimating educationa cost indices that resolves some of these difficulties.

Our gpproach, like severa others, focuses on theimpact of input prices and environmentd
cost factors on educationa spending, controlling for educationd service qudity. This approach
leads to an index of the amount a school district would have to spend, given the input prices and
environment it faces, to obtain average-qudity educationd services. Our contributions are to
develop new criteria for selecting service quaity measures and to explicitly control for school
digtrict efficiency and other unobserved didtrict characteristicsthat might lead to biased cost indices.

When applied to datafor school digtrictsin New Y ork state, our gpproach workswell in
the sense that most of the regression coefficients are satidticdly sgnificant and al of them havethe
anticipated sgns. Hence, the cost indices we egtimate control for a variety of service quality

measures (as well as didrict efficiency) and estimate with precison theimpact of input prices and
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environmenta factors on educationa costs. The mgor disadvantage of our approach is that it
requires the caculation of acomplex "efficiency” measure, based on Data Envelopment Anayss.
This disadvantage may make our gpproach impractica asatool for designing school aid formulas.

Weadso find, however, that cost indices based on acost model that doesincludethe DEA
index are highly corrdated with those based on our preferred cost moddl. Thus, school ad
formulasbased on thissmpler formulamight be acceptable. However, abetter compromisewould
be to discover smpler methods to control for district efficiency and other unobserved didtrict
characteristicsCand to include these methods in a cost model. We dso find two widdy used
methods for estimating educationd costs, namely those based on weighted pupils and on required
teacher salaries, do rot provide reasonable approximations for our method, which is to be
preferred on conceptual grounds. The weighted-pupil cost index used in New York isvirtualy
uncorrelated with our cost index, and the teacher-sdary index isonly moderately correlated, misses
the U-shaped relationship between costs and enrollment, and greetly understates the costsin large
city digtricts. In our judgement, therefore, these gpproaches are serioudy deficient.

Educeational cost variation across school didtricts is a crucid issue that has not been
adequatdly recognized by ether courts or state legidatures. Despite its fundamenta consstency
with a focus on school performance, it dso has not been adequately incorporated into recent
performance-based school reform efforts. Thelargeliterature on production and cost in education

providesasolid foundation for the devel opment of education cost indices. This pgper demonstrates
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the serious flawsin exigting ad hoc indices, which do not build on this foundation, and shows how

more acceptable cost indices can be derived.
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APPENDI X

Measuring I nefficiency in Public Services

Severa methodsfor estimating technica and cost efficiency have been developed over the
last severa decades. The non-parametric method used in this paper, Data Envelopment Analysis,
DEA, isbased on production theory in economics and hasbeen operationalized as DEA sincethe
laste 1970s.%* One of the mgjor advantages of DEA isthat it is non-parametric, thét is, it requires
no a priori specification of the functiona form. One disadvantage is that the technique is nornt
stochadtic.”

These methods have been extended to analyze costs and economies of scopein public
sector production. Therelevant mathematica programsare solved to compare the expenditure of a
givenloca government with the expenditure of other loca governments producing the samelevel of
sarvices. If the loca government is producing at the cost-minimizing leve, then no other locd
government (or linear combination of local governments) is producing the same leve of services
with lower expenditure®

One problem with existing DEA methods for esimating inefficiency is the maintained
assumption that the technology can be represented by onefrontier. Thisassumption presumesthat
al deviationsfrom the cost frontier are atributableto inefficiency. While DEA hasbeen commonly
employed to examine public organizations such as school didtricts, the assumption of one cost

frontier is not consstent with the nature of public production.*® As explained in the text, input
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prices, P, and exogenous socio-economic variables, X can have an important influence on the
trandation of government activities into service outcomes. As a result, there will be multiple cost
frontiers reflecting differencesin P and X. Estimates of the minimum level of costs and cost
inefficiency that do not control for these cost factors will be biased.

Recently, a method has been developed for estimating technica and cost efficiency thet
dlowsfor multiplefrontiers®® Figure 1 illustratestwo minimum cost frontiers assuming for smplicity
one service outcome, S. For dl levelsof S C(§P1, Xo) $ C(JPo, Xo) becauseP; > P,. Efficency
estimates should be madein referenceto the correct frontier. A loca government issaid to becost
efficient if the observed level of expenditure is equd to the minimum total cost of providing the
observed leve of services, given resource prices and environmenta conditions.

While this method provides a more redigtic estimate of relative cost efficiency among
schoal didtricts, it can handle only a few fixed cogt factors, and these fixed cost factors must be
selected prior to estimation of the cost model. Selected cost factors may turn out to be statistically
inggnificant, so that a complex iterative procedure would have to be developed to make the
regression and the DEA consgtent. To avoid these problems, we use the unadjusted cost efficiency
index, which compares al didricts to the cost frontier for the digtrict with the most favorable
environment. Specificaly, our measure of cogt "efficiency,” ?, isequd to C/E, where C equas
minimum cogs and E equas actud expenditure.

If local governments are cost efficient and face the most favorable cost environment, then
expenditure reflects the minimum cost of providing servicesand ? equals 1.0. In any other case,



thet is, with either inefficiency or unfavorable fixed factors, ? islessthan 1.0. Toilludrate, assume
Po and X o in Figure 1 represent the mogt favorable educationa environment (minimum cost frontier
for digrict I). The cost efficiency index for digrict H would be ?4 = C(§Po, X o)/E 1. Since
digtrict H faceshigher factor prices, C(§P1, Xo)/En representsthetrue (unobserved) cost efficiency
and C(§P1, Xo)/C(YPo, Xo) the index of environmental harshness.
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differencing diminates some cost variables and explicitly develop cost indices only for two cost

variables, namdy the factions of students receiving subsidized lunches and with limited English

proficiency.

Hanushek points out that inefficiency may makeit gppear that " expenditures are unrel ated to school
performance.” Ruggiero found evidencethat inefficiency dampensthe observed impact that school
inputs have on outputs. See Eric Hanushek, AThe Economics of Schooling: Production and
Efficiency in Public Schoolsi pp. 1166; Ruggiero, AMeasuring Technicd Inefficiency inthe Public

Sector: An Andysis of Educationa Production.(

See, for example Shawna Grosskopf and S. Y a sawarng, AEconomies of Scopein the Provision of
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CogsMinimized in the Public Sector? A Nonparametric Analysis of the Provision of Educationa
Servicesi) Metropolitan Studies Program Occasiona Paper No. 165, Center for Policy Research,
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Ruggiero has shown how to messure inefficiency controlling for the environment in a DEA
framework through the use of multiple cost frontiers (see the gppendix). As explained below,
however, this solution is not appropriate here. See Ruggiero, AAre Costs Minimized in the Public

Sector? A Nonparametric Analysis of the Provison of Educational Services(
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Downes and Pogue account for past history by including both 12th-grade test scores and 11th-
gradetest scoresfor the same cohort. Thisisanalogousto the service-qudity term ontheright Sde
of equation 2, and picks up the history of cost factors, aswell as of other variables. See Downes
and Pogue, AAdjusting School Aid Formulas for the Higher Cost of Educating Disadvantaged

Students,§ pp. 89-110.

One important criticism of DEA is that the outputs on which it is based are selected by the
researcher, not by some statistical test. Thiscriticism does not apply to our equations becausethe
outputsused inthe DEA procedure are the same onesused in equation 5, where astatistical test of
their sgnificance is provided. See Hanushek, AThe Economics of Schooling: Production and

Effidency in Public Schools pp. 1141-1177.

In principle, one could avoid this duplication by using the Ruggiero procedure to correct for
environmental cost factors. However, thisapproach isnot practical here because, asexplained by
Ruggiero, DEA cannot handle as many cost factors as are required for our procedure without a
much larger sample of school didrictsthan exigtsin any state, including New Y ork. See Ruggiero,
AAre Costs Minimized in the Public Sector? A Nonparametric Andysis of the Provison of

Educationd Services(

For a detailed discussion of the use of cost indices in education formulas, see Ladd and Yinger,
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For non-school spending see Bradbury et d., AState Aid to Offset Fiscal Disparities across
Communities@ pp. 151-170, and Ladd and Yinger, America's Ailing Cities: Fiscal Health and
the Design of Urban Policy. Andfor school spending see Ratdliff, Riddle, and Yinger ATheHscd
Condition of School Didtrictsin Nebraska: 1s Smal Beautiful 20 and Downes and Pogue, AAdusting

School Aid Formulas for the Higher Cost of Educating Disadvantaged Students.i

See, for example, Jay Chambers, AEducational Cost Differentids and the Allocation of State Aid
for Elementary and Secondary Education,@ Journal of Human Resources, 13 (1978), pp. 459-
481; Jay Chambers, AThe Development of a Cost of Education Index: Some Empirica Estimates
and Policy issuesi Journal of Education Finance, 5 (Winter 1980), pp. 262-281; Howard
Fleeter, ADidrict Characteristics and Education Costs: Implications of Compensating Wage
Differentids on Sate Aid in Cdiforniad mimeo (Ohio State Universty, 1990); and Wayne
Wendling, AThe Cogt of Education Index: Measurement of Price Differences of Education
Personndl among New Y ork State School Digtricts,é Journal of Education Finance, 6 (Spring

1981), pp. 485-504.

Monk and Waker (p. 174) argue that amore comprehensive approach " presupposes an ability to
reach agreement about the nature and level of outcomes schools are expected to produce.” We

agree that one must select output measures in order to implement equation 5, but we think that
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reasonabl e procedures can be devel oped for making this selection. Moreover, thefact that astep
may be difficult isapoor excusefor not attemptingit, particularly when the conceptua casefor itis
0 grong. Findly, one can estimate cogt indices without salecting output measuresif one substitutes
equation 6 into equation 5. See David Monk and Billy Walker, AThe Texas Cost of Education

Index: A Broadened Approach,@ Journal of Education Finance, 17 (Fall, 1991), pp. 172-192.

There were 695 school digtricts in New York in 1991. Due to missing observations (including
New Y ork City and Y onkers), the samplewas limited to 631 observations. Theremaining sample

appears representative of the mgjor regionsin New York State.

This measure of expenditure excludes transportation expenses because we do not have any data
that would alow us to measure the environmenta factors that influence the cost of trangporting

children to school. In addition, most debt service is excluded from approved operating expenses.

A few earlier cost studies, such as Kumar, use pupil-teacher ratios as measures of service quality.
We regard this variable as an intermediate output, not afind output, which is not appropriate asa
measureof S. Severa studies attempt to combine service quaity measures and enrollment into a
composite output measure.  This confuses sarvice outcomes with enrollment, which is an
environmental cost factor. See, for example, Downes and Pogue, AAdjusgting School Aid Formulas
for the Higher Cogt of Educating Disadvantaged Studentsé pp. 89-110; Gyimah-Brempong and

Gyapong, AEladticities of Factor Subgtitution in the Production of Education,( pp. 205-217; Cdlan
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and Santerre, AThe Production Characteristics of Loca Public Education: A Multiple Product and
Input Analysis@ pp. 468-480; Ramesh Kumar, AEconomies of Scale in School Operation:

Evidence from Canada,i Applied Economics, 15 (1983), pp. 323-340; and Emmanud Jmenez,
AThe Structure of Educationd Costs: Multiproduct Cost Functions for Primary and Secondary

Schoolsin Latin Americai Economics of Education Review, 5 (1986), pp. 25-39.

Byron Brown and Danidl Saks, AThe Production and Digtribution of Cognitive Skillsin Schools

Journal of Political Economy, 83 (1975), pp. 571-593.

Hanushek, AThe Economies of Schooling: Production and Efficiency in Public Schoolsg p. 1186.

Outcome measures were screened out if the adjusted R-squared in the demand mode was below
0.1. None of the average achievement test scores available for New Y ork school districtshad an
R-sguared of above 0.06. Wefollowed Brown and Saks and tried including standard deviations
from standardized tests as outcome measures. None of the standard deviations had an R-squared
inthe demand modd of above 0.02. The poor performance of averagetest scoresasindicators of
voter willingness to pay may explain why these variables were not datisticdly sgnificant when
employed by Downes and Pogue. See Brown and Saks, AThe Production and Distribution of
Cognitive Skills in Schools@ pp. 571-593; and Downes and Pogue, AAdjusting School Aid

Formulas for the Higher Cost of Educating Disadvantaged Students,i pp. 89-110.
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Due to the nature of DEA, it was necessary to convert al outcome messures so that a higher
number indicatesimproved performance. The Regentsdiplomaisawarded to sudentswho passa
relatively difficult set of competency examsin different subject areas. Because not dl Sudentsare
required to take Regency exams, it was not possible to use these test scores directly as outcomes
due to sample sdlectivity problems. Student test scores and drop-out rates are reported in the
"Comprehensive Assessment Report,” (Albany: New York Department of Education, sdected

years).

A principa component anadlyss with a varimax rotation waes performed on the 18 remaining
outcome measures. The eigenvalues of the correlation matrix and the scree plot indicated three
digtinct factors. The outcomes with high factor scores are most Regents exams and the Regents
diplomafor factor 1, the dropout rate and some other measures of secondary education for factor
2, and the PEP scores for factor 3. Outcome measures are either based on an average of these
measures (PEP scores) or the measure we felt was the best summary measure for the category

(Regents diplomaand drop-out rate).

Teacher sdaries are highly related with other professond sdariesin New York school digtricts.
The corrdationis0.7 or higher with salariesfor principals, assstant principa s and superintendents.
Sdary information on non-professona gaff isnot available. Salariesand teacher characteristicsare

collected in the "Personnel Magter File" of the "Basic Education Data Sysem” (BEDS) (Albany:
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New Y ork Department of Education, selected years). BEDSisasalf-reporting survey completed
by professona staff in schools. Salaries were adjusted to control for teacher characteristics. To
be specific, our sdary variable is the resdua from a regresson of teacher saaries on years of
experience, leve of educetion, type of certification, and tenure. A number of districtswere missng
information on sdary levels. Wefilled in for these missing observations by assuming thet adidrict
had the same average adjusted sdlary level asother digtricts of the sametype (e.g., suburban, rurd)

in its county.

To the best of our knowledge, only one previous study, Downes and Pogue, recognizes that
teacher wages are endogenous. However, their sudy fails to eiminate endogeneity bias because
oneof theinstrumentsin their s multaneous equations procedure is an index of teacher experience,
which aso is endogenous. See Downes and Pogue, AAdjusting School Aid Formulas for the

Higher Cost of Educating Disadvantaged Students§ pp. 89-110.

Economiesto pupil scae need to be distinguished from economiesto quality scale and economies
of scope. See Duncombeand Yinger,AAn Analyssof Returnsto Scaein Public Production, with

an Application to Fire Protection,@ pp. 49-72.

Because we use a double-log functiona form, we actualy include the log of enrollment and the
square of thelog of enrollment. Either enrollment or average daily attendance, ADA, could be used

as the measure of the number of pupils. An argument can be made for each as the most directly
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related to costs. We sdlected enrollment since school digtricts are likely to budget resources for
closeto full atendance. However, the correlation between enrollment and ADA iscloseto 1.0in
New York and there was little change in the cost indices when ADA was used. See Mork,

Educational Finance: An Economic Approach.

See, for example, Ratcliffe, Riddle, and Yinger, AThe Fiscd Condition of School Didtricts in
Nebraska: I1s Smdl Beautiful?i pp. 81-99; and Downes and Pogue, AAdjusgting School Aid

Formulas for the Higher Cost of Educating Disadvantaged Students,i pp. 89-110.

See R. Gary Bridge, Charles Judd, and Peter Moock, The Determinants of Educational
Outcomes: The Impact of Families, Peers, Teachers, and Schools (Bdlinger Publishing
Company, 1979), and Hanushek, AThe Economics of Schooling: Production and Efficiency in
Public Schools@ pp. 1141-1177. These varigbles and others are discussed in the reviews
mentioned earlier. One example of a production study that usesdl three of these environmenta
factorsis Ronald Ferguson, APaying for Public Education: New Evidence on How and Why Money

Matters,) Harvard Journal on Legislation, 28 (1991), pp. 465-498.

The source of most of these variablesis the 1990 Census asreported in the " School Digtrict Data
Book" (Washington, DC: U.S. Bureau of the Census and the Nationa Center for Education
Statigtics, 1994). The remaining variables come from the New Y ork Department of Educatiors

ABasic Education Data System. )
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See, paticularly, Ladd and Yinger, America's Ailing Cities: Fiscal Health and the Design of
Urban Policy; Danid Rubinfeld, AThe Economicsof the Local Public Sector,@ in A. Auerback and
M. Feldstein, eds., Handbook of Public Economics, Vol. 2 (New York: Elsaevier Science
Publishers, 1985), pp. 571-645; and Robert Inman, AThe Fiscd Performance of Loca
Governments. An Interpretative Review,( in P. Mieszkowski and M. Straszheim, eds., Current
Issues in Urban Economics (Batimore: The Johns Hopkins University Press, 1979), pp. 270-

321

While on paper the operating aid formula used in New York is smilar in design to a matching
percent equdizing grant, in actud practiceit is closer to alump-sum foundation grant. Sinceadis
lump-sum and is distributed based on a measure of fiscal capacity, it is likely to be exogenousto
local digtrict spending decisons. See Miner for agood discussion of school aid formulasin New
York State. See Jerry Miner,AA Decade of New Y ork State Aid to Loca Schools,i Metropolitan
Studies Program occasional Paper No. 141, Center for Policy Research, The Maxwell School

(Syracuse, NY': Syracuse University, 1991).

Borrowing from Ladd and Yinger, and Duncombe, the tax share is represented as
ViV = (Vi/V))(1-€), whereV, and V, arethe median and averageloca resdentia property values
and e isthe percent of property taxes borne by non-residents. We construct the export ratio, e,

using information on the digtribution of property values by type (from the New York State
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Department of Equalization and Assessment) and estimates of property tax exporting by type of
property from Ladd and Yinger. Smilar results are obtained using a set of property compaosition
variables instead of the export ratio. See Ladd and Yinger, America's Ailing Cities: Fiscal
Health and the Design of Urban Policy; William Duncombe, ADemand for Loca Public Services

Revisited: The Case of Fire Protection,@ Public Finance Quarterly, 19 (1991), pp. 412-436;

One could argue that the percentage of adults with a college degree is an environmenta cost
variable; more educated parents do more to reinforce the lessons their children learn in school.
When this variable is trested as an environmental cost factor, however, it has the wrong sign
(positive) so we camnot reject the hypothesis that it has no impact on costs. A similar procedure

ruled out children per household and median income as cost variables.

See, for example, W.A. Niskanen, Bureaucracy and Representative Government (Aldine-
Atherton, 1971); W.A. Niskanen, ABureaucrats and Politicians@ The Journal of Law and
Economics, 18 (1975), pp. 617-643.; Paul G. Wyckoff, AA Bureaucratic Theory of FHypaper
Effects@ Journal of Urban Economics, 23 (1988), pp. 115-129; and Paul G. Wyckoff, AThe

Smple Andytics of Slack-Maximizing Bureaucracy, @ Public Choice, 67 (1990), pp. 35-67.

See Duncombe, Miner and Ruggiero for amore complete discussion of factors assodated with cost
inefficiency. Contrary to expectation, they found a negetive relationship between the rdative

number of private school students (or schools) and theleve of cogt efficiency. William Duncombe,
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Jerry Miner, and John Ruggiero, AEmpirical Evaluation of Bureaucratic Modds of Inefficiency,(

Public Choice (1995), forthcoming.

The Cobb-Douglas cost function restrictsthe dadticity of substitution between dl factor inputsto be
one and assumes homotheticity between costs and outputs. Sincewe only include onefactor price

in the cost modd, the factor substitution restriction is not a serious limitation.

Another gpproach isto estimate atrandog or flexible functiond form. This gpproach is taken by
Jmenez, Cdlan and Santerre, and Gyimah- Brempong and Gyapong. Duncombe and Yinger have
used this gpproach in the production context but in this case we believe that it would add
complexity without ggnificant indght. See Jmenez, AThe Structure of Educationa Cods:
Multiproduct Cost Functions for Primary and Secondary Schools in Latin Americal pp. 25-39;
Cdlan and Santerre, AThe Production Characteristics of Locd Public Education: A Multiple
Production and Input Analysis@ pp. 468-480; Gyimah-Brempong and Gyapong, AElagticities of
Factor Substitution in the Production of Education,( pp. 205-217; and Duncombe and Yinger,AAn
Anaysisof Returnsto Scaein Public Production, With an Application to Fire Protection, @ pp. 49-

72.

These results suggest that if consolidation of smdl didtricts is not possible, it is appropriate to
control for the cogt effects of scale in an education cost index. See Duncombe, Miner, and

Ruggiero for an andlyss of the benefits of school digtrict consolidation in New York State. They
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found that the number of didtricts that might benefit from consolideation in New York and the
potentid cost savings from consolidation were quite small. William Duncombe, Jerry Miner, and
John Ruggiero, APotential Cost Savingsfrom School District Consolidation: A Case Study of New

York,@ Economics of Education Review (1995), forthcoming.

Categories of handicapped students are organized by the level of specid services they receive.
Categoriesinclude students requiring specia services 60 percent or moreof theday or usng private
schools for services, students requiring specid services at least 20 percent of the day, student
requiring consultant teacher services, and studentswho usetwo periodsaweek in specid services.
Several New York Sate education aid formulas use tota weighted pupil units, TWPU, which

assigns different pupil weightings to these handicapping categories.

Since the price of labor is treated as endogenous in the cost modd, a predicted wage is used to
congtruct the cost index. The predicted wage is based on the predicted vaue of a firg-stage
regression between the price of labor and dl exogenous and instrumental variables used in the cost

modd.

These cost index caculationsare smilar to the ones used by Downs and Pogue, AAdjusting School
Aid Formulasfor the Higher Cost of Educating Disadvantaged Students,i pp. 89-110, dthough, as

explained earlier, our cost mode differs from theirsin severa respects.
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This gpproach has been gpplied to education costs by Ratdliffe, Riddle, and Yinger, AThe Fisca
Condition of School Didricts in Nebraska Is Smal Beautiful?i; and Downes and Pogue,
AAdjusting School Aid Formulas for the Higher cost of Educating Disadvantaged Students,§ pp.

89-110.

To congtruct ateacher salary cost index, we regressed actua teacher salarieson factors associated
with differencesinteacher qudity (experience, certification, level of education, and tenure), demand
for educational services, county population (as a proxy for private wages) and student and family
background characterigtics. All factorswere held at the state mean except the county population

and student and family background characterigtics.

We estimated an indirect cost model with efficiency, but none of the variables in the modd were

datigticaly sgnificant and we decided not to present the results.

Thisresult contradictsthefinding in Downes and Pogue, whose direct and indirect gpproachesyield
cost indices that are highly corrdated. This difference may reflect our inability to incorporate
efficiency into our indirect approach. Downes and Pogue do not have to ded with this issue
because, as noted earlier, they account for efficiency by differencing. However, the Downesand
Pogue cogt index isbased on fewer cost factors, so their direct and indirect cost indices might differ
if more factors wereincluded. See Downes and Pogue, AAdjusting School Aid Formulasfor the

Higher Cost of Educating Disadvantaged Students,§ pp. 89-110.
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Part of the reason that the teacher salary index does not demonstrate a U-shapeis because we do
not include enrollment variables in this cost model. While some studiesin the past have included
enrollment, no scholar has provided a convincing reason why teacher wages should be directly
related to variationin enrollment. Interestingly, dl these udiesfind an inverted U- shaped function
between enrollment size and sdaries. See Chambers, AEducational Cost Differentials and the
Allocation of State Aid for Elementary and Secondary Education, @ pp. 459-481; Wendling,AThe
Cost of Education Index: Measurement of Price Differences of Education Personnd among New
York State School Digtricts,@ pp. 485-504; and Fleeter, ADidtrict Characteristics and Educeation

Codgs Implications of Compensating Wage Differentids on State Aid in Cdlifornia@

The concepts used in DEA were conceptualized by Farrel and developed by Charnes, Cooper and
Rhodes, and Fére and Lovell to anadyze multiple output production correspondences. See M.J.
Farrdl, AThe Measurement of Productive Efficiency,@ Journal of the Royal Statistical Society,
Series A, Genera, 120 (1957), pp. 253-281; Rolf Fare and Knox Lovel, AMeasuring the
Technicd Efficiency of Production,( Journal of Economic Theory (1978), pp. 150-162; and A.
Charnes, W.W. Cooper, and E. Rhodes, AMeasuring the Efficiency of Decison Making Units,)

European Journal of Operational Research, 2 (1978), pp. 429-444.

For afurther discussion of strengths and weaknesses of DEA, seeL. Seiford and R. Thrall, AReoat

Deveopmentsin DEA: The Mahematical Programming Approach to Frontier Analysis§ Journal
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of Econometrics, 46 (1990), pp. 7-38.

See Grosskopf and Yaisawarng for one of the first appllications of DEA to cost frontiers.
Groskopf and Yasawarng limit their sample so that al producing units face the same cost
environment. See Grosskopf and Yasawarng, AEconomies of Scope in the Provison of Loca

Public Services,i pp. 61-74.

See, for example, A. Bessent and EW. Bessent, ADetermining the Comparative Efficiency of
Schoolsthrough Data Envelopment Andlysisi Educational Administration Quarterly, 16(1980),
pp. 57-75;and Rolf Fére, Shawna Grosskopf, and William Weber, AMeasuring School Didrict

Performance,i Public Finance Quarterly, 17 (1989), pp. 409-428.

See Ruggiero, AAre Costs Minimized in the Public Sector? A Nonparametric Analyss of the
Provison of Educationd Services); and John Ruggiero, AOn the Measurement of Technical
Efficency in the Public Sector,i European Journal of Operational Research, (1995),

forthcoming.



Table 1. Descriptive Statisticsfor Cost Model and I nstruments

(New York school districtsin 1991, n=631)

Standard

Variable Mean deviation Minimum  Maximum
Cost Model:
Log of per pupil expenditures 8.66 0.29 8.06 10.14
PEP scores (average percent of students 94.24 3.79 64.50 100.00
above SRP)
Percent receiving Regents diploma 40.44 13.07 0.00 75.38
Percent non-dropouts 97.59 1.84 88.10 100.00
Log of teacher salaries 10.11 0.12 9.56 10.46
Log of enrollment 7.37 0.89 4.36 10.75
Percent of children in poverty 11.57 7.45 0.26 38.04
Percent femal e-headed households 8.79 271 2.46 34.68
Percent handicapped students 10.64 3.37 1.63 30.68
Percent severely handicapped students 4.49 212 0.00 14.57
Persons with limited English proficiency 0.99 1.27 0.00 11.96
(percent)
High school students (percent) 28.97 371 20.09 63.10
Efficiency index (per cent)? 66.46 15.76 19.49 100.00
I nstruments:
Log of median family income 10.55 0.31 9.96 11.63
Log of operating aid 7.53 0.50 6.06 8.18
Log of tax share 0.05 0.22 -0.52 0.70
Percent owner-occupied housing 75.36 10.16 36.50 95.38
Percent of households with children 3341 5.29 19.14 52.80
Percent of adults with college education 19.08 11.05 4.05 69.66
City digtrict (1=yes) 0.09 0.29 0.00 1.00
1990 county population (thousands) 388.94 457.03 5.28 1,321.86

Source: New Y ork State Department of Education, Comprehensive Assessment Report, Basic
Education Data System and Fiscal Profile, and National Center for Education Statistics, School

District Data Book.

Efficient districts have an index of 100. Based on DEA estimates for the three outcome variables

listed and per pupil expenditures.



Table 2. Education Cost Model Results—New York School Districts (1991)

(Regression coefficients, n=631)*

Three outcomes Two outcomes
Variables
(Model 1) (Model 2) (Model 3) (Model 4)
Intercept -7.7095 -8.0172 15291 -1.8377
(-2.67) (-2.68) (0.92) (-0.56)
PEP scores (average percent above SRP) 2.3472 2.3986 2.1877 2.9261
(1.49) (1.52) (3.24) (2.11)
Percent non-dropouts 7.1626 6.4159 5.2284
(2.68) (2.35) (4.00)
Percent receiving Regents diploma 1.2432 1.3156 1.5275
(2.73) (2.85) (3.78)
Efficiency index (percent) -0.9930 -0.9337 -1.5660 -1.1436
(-4.49) (-4.02) (-13.84) (-5.09)
Log of teacher salaries 0.8913 0.9936 0.1530 0.9657
(2.16) (2.38) (0.92) (2.63)
Log of enrollment -0.5331 -0.5552 -0.2503 -0.5397
(-3.73) (3.75) (-3.76) (-4.02)
Square of log of enrollment 0.0329 0.0338 0.0163 0.0309
(3.81) (3.78) (3.68) (3.70)
Percent of children in poverty 0.8306 0.7903 0.4812 0.5036
(3.99) (3.76) (4.53) (2.69)
Percent femal e-headed households 2.1166 1.9823 0.6033 1.7162
(4.26) (3.95) (2.36) (3.82)
Percent handicapped students 0.3903
(1.11)
Percent severely handicapped students” 0.9656 0.5295 0.4460
(1.66) (1.88) (0.93)
Persons with limited English proficiency 2.5236 2.5844 1.3943 3.0664
(percent) (2.11) (2.10) (2.26) (2.84)
High school students (percent) 0.2945 0.3438 0.4451 0.3756
(1.10) (1.26) (3.34) (1.51)
SSE 24.82 26.05 6.50 22.08
Adjusted R-square 0.51 0.48 0.87 0.56

3Cost model estimated with linear 2SL S regression using instruments reported in Table 1. The cost
model is based on a modified Cobb-Douglas production function with the square of enrollment. The
dependent variable isthe log of per pupil approved operating expenditures. T-statisticsarein
parentheses.

bStudents are in special class instruction or special programs for at least 60 percent of school day.



Table 3. Correlations between Education Cost Indicesfor New York State School Districtsin 19912

(n=631)
Direct cost indices Indirect cost Cost index
index based on
Endogenous No Exogenous (No efficiency weighted Teacher salary
Socio-economic char acteristics efficiency efficiency efficiency index) pupils cost index
index

Standard deviation 16.93 26.11 10.85 15.33 8.88 12.75
Maximum 239.62 356.11 191.84 253.94 264.00 143.55
75th percentile 105.26 109.53 103.21 105.74 102.94 111.61
25th percentile 89.56 83.89 93.77 90.50 96.96 89.81
Minimum 77.50 70.70 83.83 77.05 44.68 68.37
Correlations:
Direct Cost Indices:

Endogenous efficiency index 1.00

No efficiency index 0.94 1.00

Exogenous efficiency index 0.84 0.74 1.00
Indirect cost index (no efficiency 0.63 0.55 0.39 1.00
index)
Cost index based on weighted 0.14 0.15 0.13 0.08 1.00
pupils
Teacher salary cost index 0.47 0.57 0.32 -0.08 0.06 1.00

4ndex for first three columnsis based on 3-factor cost model (model 2 in Table 2) with the state average equal to 100. Index for fourth columnis
areduced form model where the demand instruments—income, taxshare, and households with children—are substituted into the cost model for
outcome measures. Theindex in the fifth column is based on aratio of weighted pupils over total enrollment; extraweight is given to secondary,
handicapped and special needs pupils. The index in the last column is based on the relationship between teacher salaries and family and student

characteristics.



Table4. Comparison of Education Cost Indices® for New York State School Districtsin 1991

(n=631)
Direct cost indices Indirect cost Cost index
index based on Teacher
Soci o-econ_omic Nu_mbgr of Endogenous No Exogenous (no.efficiency wei gh_ted sal ary cost
characteristics districts effiiciency efficiency efficiency index) pupils index
index

Region type:
Downstate small cities 7 130.0 142.0 112.3 105.9 102.6 124.3
Downstate suburbs 130 111.4 125.0 102.0 100.9 101.6 117.5
Upstate large cities 3 179.2 190.2 172.6 132.8 100.3 124.5
Upstate rural 212 98.4 93.5 99.1 107.1 99.9 90.1
Upstate small cities 48 105.5 101.2 111.8 95.2 100.6 99.6
Upstate suburbs 231 919 89.2 95.9 93.4 99.0 98.3
Pupil size class:
Under 100 pupils 1 156.5 166.1 109.8 253.9 120.3 86.0
100-500 pupils 61 108.8 110.8 100.6 1284 101.1 89.9
500-1,000 pupils 113 101.0 100.1 98.7 106.8 99.4 94.7
1,000-1,500 pupils 131 94.6 92.2 97.0 96.6 98.5 96.1
1,500-3,000 pupils 182 96.7 95.9 98.5 93.2 100.7 101.9
3,000-5,000 pupils 80 97.2 99.6 9.8 90.2 99.6 107.3
5,000-10,000 pupils 54 108.8 111.4 108.8 94.9 101.1 111.8

Over 10,000 pupils 9 139.4 149.0 133.3 110.9 100.9 119.3




Table4. Continued

Direct cost indices Indirect cost Cost index
index based on Teacher
Soci o—econ_or_nic Nu_mb_er of Endogenous No Exogenous (no _effi ciency wei gh_ted sal ary cost
characteristics districts effiiciency efficiency efficiency index) pupils index
index

I ncome class (per centile):
Under 10th 62 106.3 118.5 97.7 100.8 100.5 115.5
10th to 25th 95 99.8 1054 97.3 100.8 100.2 109.4
25th to 50th 157 98.5 98.7 100.2 103.2 99.4 101.5
50th to 75th 159 98.7 95.7 100.8 1114 99.5 95.0
75th to 90th 94 99.0 94.1 101.3 76.8 100.6 92.1
Over 90th 64 102.6 96.6 101.9 74.8 101.0 91.2
Property values (percentile):
Under 10th 63 109.7 1229 98.7 1117 100.1 109.1
10th to 25th 94 105.2 112.0 99.1 100.4 100.1 109.1
25th to 50th 158 99.8 100.5 100.0 97.6 99.5 101.9
50th to 75th 158 94.1 89.6 97.9 97.6 100.0 95.2
75th to 90th 95 96.7 91.0 100.7 98.7 99.7 94.5
Over 90th 63 103.0 97.5 106.8 101.7 101.3 92.9

4ndex for first three columnsis based on 3-factor cost model (model 2 in Table 2) with the state average equal to 100. Index for fourth columnis
areduced form model where the demand instruments—income, tax share and households with children—are substituted into the cost model for
outcome measures. Theindex in the fifth column is based on aratio of weighted pupils over total enrollment; extraweight is given to secondary,
handicapped and special needs pupils. The index in the last column is based on the relationship between teacher salaries and family and student
characteristics. Incomeis based on estimated per capita adjusted gross income in 1991 and property values are per capita market value for all

property in 1990.



Table 5. Impact of Input and Environmental Variables on Education Costs, Districtswith Highest and L owest Costs®

10 percent of districtswith highest costs 10 percent of districtswith lowest costs
Cost variables Index relativeto state Per cent of cost Index relativeto Per cent of cost
average differencedueto state average differencedueto
(=100) variable (=100) variable
Total cost index 152.7 811
(Per pupil difference from average district) $3,046 -$1,091
Teacher salaries 111.2 30.67% 96.0 -20.03%
Log of enrollment 198.3 -13.20% 128.0 -18.85%
Percent of children in poverty 161.6 13.98% 49.4 -22.86%
Percent femal e-headed households 170.9 36.16% 75.3 -21.24%
Percent severely handicapped students” 177.7 9.43% 54.3 -9.90%
Limited English proficiency (percent) 407.6 22.47% 39.3 -1.77%
High school students (percent) 94.9 -1.38% 101.3 0.64%

%Cost index based on 3-factor cost model (model 2 in Table 2). Indices for costs and environmental variables relative to state average are based
on average values for 10 percent of districts with the highest and lowest per pupil costs. The percentage cost difference due to cost variablei, say
Pc, is based on three cost indices. Index A isthe total cost index for the high-(or low-) cost districts. Index B isa cost index with all variables set at
the state average. Index C isacost index with cost variablei set at the average for the high-(or low-) cost districts and all other variables set at the
state average. Then, Pc,=(C-B)/(A- C).

bStudents are in special class instruction or special programs for at least 60 percent of school day.
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