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Most states provide some form of supplemental funding to 
small, rural, or geographically isolated school districts to 
offset the higher costs of operating schools in these contexts. 
Cost differences stem from the availability and price of key 
educational resources, the cost of operating comparatively 
smaller schools, and student transportation (Sipple & Brent, 
2015). Yet state policies that provide supplemental and cat-
egorical aid to rural schools have been criticized for not 
reflecting the actual level of need or cost of educating stu-
dents in rural schools, and as a result, falling short of ensur-
ing that students who attend schools in rural communities 
have access to educational opportunities on par with those of 
their peers who attend nonrural schools (Baker & Duncombe, 
2004; Malhoit, 2005; Strange, 2011).

In a perfect world, state funding policies would ensure 
that all schools, including those in rural areas, have the 
resources necessary for all students to achieve common out-
come standards set by the state. Failing to do so runs the risk 
of undermining a state’s responsibility to provide an ade-
quate education for all students (Duncombe et al., 2015). To 
make policy, however, states need to know how much money 

each school needs to meet these goals. Establishing the cost 
of an adequate education has been the focus of K–12 educa-
tion policy research for several decades, and policy advise-
ment studies have been conducted in most states nationwide. 
Yet the focus of this work has largely been on estimating the 
base, or average, cost of education for the typical student or 
school districts and differences from this base attributable to 
dissimilarities in student need and input prices (e.g., teacher 
salaries; Aportela et al., 2014). When considered, economies 
of scale and district or school location were most frequently 
included as mediating factors, not as explicit sources of vari-
ation in cost across districts or schools.

In this article, we describe the approach used to estimate 
cost differentials for small, rural schools in Vermont. More 
than half of Vermont’s students attend school in an area 
where small, geographically isolated schools are the norm 
(Showalter et al., 2019). This study responds to Vermont 
policymakers’ interest in considering whether weights 
should be added to the state’s school funding formula for 
school size and location, after controlling for other cost fac-
tors. Specifically, we leverage data from state and national 
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databases and use cost function analysis—specifically edu-
cation cost modeling (ECM)—to identify specific factors 
associated with differences in the cost of achieving common 
outcome goals across Vermont schools and estimate each 
factor’s cost differential. Additionally, we demonstrate how 
the policy application of ECM extends beyond identifying 
specific cost adjustments to specifying understandable and 
usable weights that can be incorporated in state school fund-
ing formulae.

Conceptual and Empirical Background

Scale and Geographic Location as Cost Factors

States are responsible for providing an adequate educa-
tion for all students. However, not all students have the same 
learning needs or backgrounds and require different types 
and levels of educational supports to achieve standards or 
outcomes deemed adequate. Similarly, districts and schools 
that operate in different contexts may also require varying 
levels of resources because of scale of operations or the price 
they must pay for key resources. As a result, providing an 
adequate education to all students necessarily means that 
resources should differ across school districts according to 
differences in educational costs.

Differences in educational costs across school districts 
can be conceptualized as a set of cost factors that affect the 
level of spending required for all students to achieve speci-
fied outcomes and that are outside the control of local dis-
trict and school administrators (Baker, 2018; Duncombe 
et al., 2015; Table 1). Among cost factors, school district size 
and location are recognized as an independent source of 
variation in cost. Districts or schools with limited enrollment 
may be unable to achieve economies of scale (Andrews 
et al., 2002). For example, school districts with fewer than 
100 students may be as much as two times more expensive 
to operate than districts with more than 2,000 pupils, and 
50% more than districts with 100 to 300 students (Baker & 
Duncombe, 2004). Doubling enrollment in a 300–pupil dis-
trict may reduce operating costs per pupil by about 62% and 
50% for a 1,500–pupil district (Duncombe & Yinger, 2007). 
District and school location may also affect educational 
costs. Schools in sparsely populated areas, or where there 
are geographic barriers, can pay higher input prices for spe-
cific goods or services due to limited supply or the additional 
cost of transporting resources to the school (Sipple & Brent, 
2015).

Most state school funding programs make one or more 
adjustments for differences in costs across districts and 
schools for variation in economies of scale, or geographic 
location (Table 2). For the 2018 academic year, 13 states 
included cost adjustments for the geographic location or pop-
ulation density of the community in which a district or school 
is located. State polices differed in how they measured popu-
lation density and the threshold used to identify sparsely 

populated areas. In addition to population density, some state 
policies also incorporate criteria based on a school district’s 
physical geography, or the driving distance between districts 
or schools (e.g., Arkansas, Colorado, Nebraska).

Twenty-six states recognized that small districts and 
schools are less able to take advantage of economies of scale 
in operations. Of states that incorporate an adjustment for dis-
trict or school size in their funding policies, 13 further condi-
tioned funding on whether the district or school was located in 
a geographically isolated area. States apply different thresh-
olds to determine at what point a district or school becomes 
sufficiently small to qualify for additional assistance. Most 
states use student enrollment as an indicator for size but apply 
different cut-points for receiving aid, and a small number of 
states set enrollment thresholds according to the number of 
students in a grade or average class size in a school.

Forty-three states provided supplemental funding for stu-
dent transportation. Transportation aid usually operates as a 
categorical grant program, separate from adjustments for 
school size or population density included in the state aid 
calculation. The criteria for receiving aid differs consider-
ably across states. Some states reimburse districts for a share 
of allowable costs, while others condition funding on miles 
driven, the average distance between students’ homes and 
schools, or provide a flat grant amount for each student for 
which a district provides transportation.

Despite the prevalence of cost adjustments in state educa-
tion funding formula for differences in educational costs due 
to scale, sparsity, and transportation, state policy is largely 
made without information on the actual differences in the cost 
of educating students who attend small and geographically 
remote districts and schools (Duncombe et al., 2015; Malhoit, 
2005). While there is considerable literature on economies of 
size among educational organizations (Andrews et al., 2002), 
this body of work primarily speaks to the question of at what 
point costs differ by size, rather than estimating actual differ-
ences in educational costs across school districts of different 
sizes and locations. Complicating things further is the fact that 
educational costs represent the minimum spending required to 
reach a given level of student performance in a particular 
state. As a result, estimates for education costs are highly 
dependent on a state’s selected measures of student perfor-
mance and state context, making it difficult to generalize cost 
differentials across states (Duncombe et al., 2015).

Measuring Cost Differentials

Over time, K–12 education finance policy research has 
grown to include multiple approaches to estimating differ-
ences in educational costs across districts and schools. 
Broadly, these approaches fall into one of two categories:

1. Input-oriented analyses, which identify the resources 
necessary to produce desired educational outcomes 
for identified student populations served in various 
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settings, and then assign a dollar value to these 
resources to estimate educational costs in a proto-
typical district or school.

2. Outcome-oriented analyses, which start with student 
outcomes generated by the programs and services 
offered by existing schools and districts, and then 
estimate the statistical relationship between spending 
on these programs and services and specific out-
comes while taking into account different student 
populations and the characteristics of the settings in 
which they are being served (Downes & Stiefel, 
2015).

The primary methodological distinction between the two 
approaches rests with the starting point for analysis—that is, 
whether the analyst starts by specifying inputs and subse-
quently costing out the value of those inputs, or by designating 

specific outcome targets and identifying the additional spend-
ing necessary to achieve those targets.

Input-Oriented Analyses. Modern input-oriented analysis is 
grounded in the resource cost modeling (RCM) approach 
(Chambers, 1999), and begins with goals—or the outcomes 
the system is intended to achieve—and then asks consultants 
or expert panels to identify the inputs needed to achieve 
these goals. Broadly, two preferred methods have emerged 
for identifying appropriate combinations of resources that 
will deliver the outcome goals: (1) Professional Judgment 
(PJ); and (2) Evidence-based (EB), with the former relying 
on focus groups to propose the resources needed to achieve 
specific outcomes at prototypical schools in a state and the 
latter involving the compilation of published research stud-
ies on existing school interventions that have been proven 
effective at producing specific outcomes and deriving from 

TABLE 1
Factors That Account for Differences in Education Costs Across Districts and Schools

Student need Scale and location Grade range Price level of inputs

Individual student characteristics
•• Economic disadvantage
•• Disability status
•• English language learners (ELLs)
•• Gifted and talented
•• Collective population 

characteristics
•• Concentrations of students living 

in poverty or ELL students

•• District or school 
enrollment

•• Population sparsity or 
extent of rurality

•• Differences in academic 
and nonacademic 
programming for 
students in different 
grades

•• Geographic differences 
in resources, including 
personnel wages and 
non-personnel resources

TABLE 2
Fifty–State Summary of Cost Adjustments for Scale, Sparsity, and Transportation

Cost adjustment

Total number of 
states applying 

adjustment

Adjustments to base amount
Discretionary 

grant program or 
appropriationSingle weight Multiple weights

Resource-based 
allocation

Flat grant per 
pupil

Geographic isolation or 
population density

13 4 (AR, FL, ND, NE) 4 (AK, AZ, NY, SD) 2 (ID, WV) 1 (FL) 2 (MI, TX)

District or school 
enrollment

26 4 (IA, OK, PA, WV) 8 (AK, AR, AZ, KS, 
LA, ND, NM, TX)

5 (NC, SD, UT, 
WA, WY)

4 (MN, MO, 
OR, WI)

5 (CA, GA, ID, 
MI, VT)

Adjustment for 
enrollment is applied 
only to districts/
schools that are also 
geographically isolated

13 AR, AZ, CA, FL, ME, MI, MN, NC, OR, PA, UT, WI, WV

Operates Transportation 
Grant/Aid Program

43 AK, AL, AR, AZ, CA, CO, DE, FL, GA, HI, ID, IA, IL, KS, KY, LA, MA, MD, ME, MI, 
MN, MO, MS, NC, ND, NE, NJ, NM, NV, NY, OH, OK, OR, PA, RI, SC, TN, TX, UT, 
VT, WA, WI, WY

Note. Sources: The summary of state policies is based on information reported by (a) EdBuild’s FundEd: State policy analysis (http://funded.edbuild.org/
state) and (b) A quick glance at school finance: 50–state survey of school finance policies (https://schoolfinancesdav.wordpress.com). In addition, individual 
states’ statute and other documents were reviewed when further information or clarification was needed.

http://funded.edbuild.org/state
http://funded.edbuild.org/state
https://schoolfinancesdav.wordpress.com
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these studies the resources used by these interventions 
(Downes & Stiefel, 2015). In both instances, the empirical 
method is for the analyst to tally identified resources, attach 
prices, and sum costs.

However, even under the best application, the cost esti-
mates resulting from PJ or EB methods represent experts’ 
judgments or hypotheses about the resources required to 
produce desired outcome goals (Baker, 2006). There are no 
guarantees that the identified programs or associated collec-
tions of resources necessary to support them are the most 
efficient manner in which to produce the desired student 
outcomes. It is also impractical to construct resource mod-
els for prototypical district schools across all contexts in a 
state. This latter critique has proven particularly relevant for 
costing out educational outcomes in rural and remote school 
districts; with few exceptions, most existing input-based 
costing out studies do not explicitly consider differences in 
resource requirements for small, rural schools districts or 
those located in sparsely populated areas (Aportela et al., 
2014).

Outcome-Oriented Analyses. The primary tool of outcome-
oriented cost analysis is the education cost model (ECM). 
ECM statistically evaluates the relationships between spend-
ing levels, outcomes, student needs, and the conditions 
under which schools operate (e.g., economies of scale) using 
administrative data from a large number of districts or 
schools in a state or region (Duncombe & Yinger, 2011). 
Specifically, ECM estimates a cost function to evaluate the 
relationship between spending, student outcomes, and other 
school characteristics:

 Spending O  S  IP  ST  SC  Esj sj sj sj j j sj= ( )f , , , , ,  (1)

where Spending in school, s, in year, j, is a function of 
selected student outcomes (O), controlling for a matrix of 
student need and demographic characteristics (S); Input 
Prices (IP), measured as geographic variation in the prices of 
key inputs to schooling such as teacher wages; Structure 
(ST) is measured as a matrix of district structural character-
istics such as grade ranges served in a school; Scale (SC) is 
a measure of economies of scale usually expressed in terms 
of student enrollments, and, in some cases, population den-
sity; Efficiency (E) is measured as a set of factors that might 
produce inefficiencies in the spending measure (Duncombe 
et al., 2015).

This general estimation strategy has been clarified and 
refined over several decades in its application to estimating 
cost differentials across districts in multiple states, with the 
predominant empirical strategy relying on current operating 
expenditures per pupil as the dependent measure, treating 
student outcomes as endogenous and incorporating mea-
sures of the competitive context as instruments in estima-
tion; and controlling for inefficiencies in the spending 

measure by including measures of variations in fiscal capac-
ity and public monitoring (e.g., Atchison et al., 2020; Baker, 
2011; Chakraborty & Poggio, 2008; Downes & Pogue, 1994; 
Duncombe & Yinger, 2000, 2005; Gronberg et al., 2011; 
Imazeki, 2008; Imazeki & Reschovsky, 2003; Kolbe et al., 
2019; Zimmer et al., 2009).

The strength of ECM rests with its ability to leverage 
actual district and school data to model the relationships 
between educational spending and levels of student out-
comes that are informed by state policy (e.g., that equate to 
students attaining an adequate education), while controlling 
for identified cost actors (Duncombe & Yinger, 2011). This 
approach also supports efforts to independently estimate 
costs for multiple conditions, as well as examine interaction 
between these factors (Baker, 2018; Downes, 2004). ECM’s 
ability to isolate cost differentials associated with district or 
school size or geographic location is particularly relevant for 
policy advice studies for states, as is its reliance on historical 
data. Disentangling differences in costs across school dis-
tricts due to size or location from other cost factors (e.g., 
student poverty, teacher salaries) is particularly challenging 
in input-oriented analyses; instead, ECM is able to parse 
variation in actual district spending attributable to differ-
ences in size, structure, and location from other cost factors 
(e.g., student needs).

That said, there is no single cost model estimation that 
translates across states or that yields perfect diagnostic fea-
tures. Instead, ECM estimation is an iterative process that 
requires balancing technical and statistical concerns with 
practical application for policymaking. Key challenges 
include clearly articulating student outcomes or performance 
objectives and securing data with appropriate district- or 
school-level measures that are consistent over time 
(Duncombe & Yinger, 2011). Additionally, not all spending 
by districts and schools is efficient spending, and instead, in 
a given district some portion of, but not all, spending con-
tributes directly to measured student outcomes included in 
the model (Duncombe et al., 2015). However, efficiency 
cannot be readily observed in the data, and as a result, pres-
ents an omitted variable bias problem in cost model estima-
tion—that is, the inability to identify factors that explain 
differences in spending that are neither associated with legit-
imate cost differences nor with differences in outcomes such 
that those factors can be set to a constant level (average) 
when projecting cost estimates.

The Vermont Policy Context

Vermont’s existing school funding system was put in 
place as a response to the 1997 Vermont Supreme Court rul-
ing Brigham v. State of Vermont. In this decision, the Court 
found the existing foundation funding program unconstitu-
tional due to disparities in educational spending between 
towns with higher and lower property values. The Brigham 
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decision required substantially equal levels of local tax effort 
for equal levels of school spending and stipulated that the 
wealth of the state, not local school districts, should pay for 
local education spending. Vermont’s current school funding 
system—implemented through Act 60 (1997), Act 68 (2004), 
and Act 130 (2010)—was designed to simultaneously 
resolve issues of taxpayer equity and disparities in per pupil 
spending. Although school budgets are approved by local 
school district voters, local education spending is funded 
through a statewide Education Fund, which, among other 
sources, includes pooled revenues from local education-
related property and income taxes.

The State’s existing policy relies on localities to make 
appropriate adjustments to their annual budget for cost fac-
tors (e.g., student risk, social context of schooling, econo-
mies of scale), and then adjusts for differences in costs in its 
funding policy by weighting a district’s average daily mem-
bership for cost factors. Districts’ weighted membership is 
subsequently used to equalize local per pupil spending for 
the purpose of calculating local tax rates. An equalized pupil 
can be thought of as an average pupil in terms of educational 
costs in a school district—that is, an equalized pupil in a 
school district will have the same cost as any other equalized 
pupil, even though the actual per pupil cost of individual 
students varies. In effect, the weighting incorporated in the 
state’s funding formula implicitly adjusts for spending dif-
ferences by equalizing per pupil spending across districts 
according to differences in educational costs. This in turn 
affects local tax burden to pay for the additional cost of 
ensuring all students achieve common standards.

Vermont’s existing formula recognizes four categories of 
students that are presumed to have higher or lower costs 
(current weighting in parentheses): (1) economically disad-
vantaged students (1.25), (2) English language learners 
(1.20), (3) secondary students (1.13), and (4) prekindergar-
ten students (0.46). The weights are used to calculate a dis-
trict’s long-term weighted PK12 average daily membership 
(PK12ADM). Since the long-term membership exceeds the 
number of students in the state, an equalization ratio is cal-
culated, which proportionately deflates the long-term 
weighted PK12ADM back to the number of students in the 
state. This deflater is then applied to each school district’s 
long-term weighted PK12ADM to generate an equalized 
pupil count for each Vermont school district that is used to 
calculate an equalized per pupil spending amount which is 
then used to calculate local education tax rates.

In 2018, Vermont’s Agency of Education (VT AOE) com-
missioned a study to examine and evaluate the cost factors 
and weights used in the equalized pupil calculation. 
Specifically, the study was guided by two questions:

1. What cost factors should be accounted for in the 
equalized pupil calculation?

2. What should the magnitude of the adjustment (or 
weight) be for each cost factor in the calculation?

In part, the study’s impetus stemmed from concerns about 
the extent to which the existing funding formula was effec-
tive in equalizing educational costs, and by extension, 
opportunities to learn for students across the state (Kolbe 
et al., 2019). For the most part, the student need cost factors 
and weights used in the calculation had not been modified 
since the funding formula’s inception, despite significant 
changes in education policy and practice since that time. 
Additionally, at the time Act 60 was enacted, there was no 
formal study of the cost factors or differentials across 
Vermont school districts. Instead, the adopted weights were 
largely historical artifacts, carried over from the state’s pre-
vious foundation formula.

In particular, stakeholders statewide were concerned that 
the general state aid formula did not explicitly consider cost 
differentials due to low enrollment and the geographic isola-
tion of rural schools in the state. Vermont is a rural state, with 
a highly localized education governance system. During 
FY2018, there were 295 schools in the state, of which all but 
19 enrolled less than 1,000 students, and 156 schools enrolled 
less than 250 students. Since 1998, the state operated a limited 
categorical grant program that provides additional funding to 
small, geographically isolated schools (Vermont Agency of 
Education, n.d.). Identified schools are eligible to receive an 
additional per pupil grant. Eligibility for the program and the 
grant award is determined each year based on school enroll-
ment. The state’s Small Schools grant program has been sub-
ject to conjecture and criticism for providing insufficient 
funding to offset the additional cost of operating small, rural 
schools and for lack of predictability and transparency in 
both how the state appropriation is determined and funds are 
ultimately allocated to schools (Kirkaldy, 2015; Kolbe et al., 
2019; Picus et al., 2012).

A key consideration for the AOE study of pupil weights 
was whether the equalized pupil calculation should be 
revised to incorporate weights for differences in school size 
and location in lieu of maintaining the state’s existing Small 
Schools grant program.

Study Design

ECM was used to estimate cost differentials across 
Vermont schools, including the additional cost of operating 
small schools and schools in districts located in areas with 
low population density. Using schools as the unit of analysis 
provides several advantages in Vermont. First, we were able 
to more accurately connect resource inputs, student charac-
teristics, and outcome measures, which become compli-
cated with the complex overlay of school districts in 
Vermont. Estimates at the school level also supported pol-
icy recommendations in a state where district governance is 
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shifting—that is, allowing us to combine schools into 
merged districts where consolidations have occurred. In the 
sections that follow, we describe the data and methods used 
in the Vermont school-level model estimation.

Data

The data used in our analyses were derived from the VT 
AOE’s administrative databases that were merged with 
extant data from the U.S. Department of Education’s 
Common Core of Data (CCD), the U.S. Census Bureau’s 
American Community Survey (ACS), and the Stanford 
Education Data Archive (SEDA). Given the small number of 
schools in Vermont, we pooled observations for an 11-year 
time period (FY 2009–2018). Our models included merged 
data for 295 Vermont schools that were in operation in 2018. 
Table 3 lists the measures used in estimating our models.

Per Pupil Spending. Typically, cost functions are estimated 
using some measure of per pupil spending as a proxy for 
education costs (Duncombe et al., 2015). In our estimation 
models, the primary spending measure was total per pupil 
spending by a school in a given school year. In Vermont, 
total spending includes money spent on instruction, student 
supports and services, transportation, school administration, 
and other costs associated with operating schools, the sum of 
which was divided by a school’s average daily membership 
(ADM) in the same year.

Student Outcomes. While imperfect proxies, student 
achievement and proficiency measures are most frequently 
used by state policymakers and the courts for monitoring 
progress toward a state’s goals for providing an adequate 
education (Baker, 2018; Duncombe et al., 2015). Likewise, 
performance on state assessments is a key indicator in Ver-
mont’s school accountability system. In model estimation, 
we used average student achievement in a school as a mea-
sure of student performance. Student achievement levels 
were defined as the average mean scale scores across grades 
(3–8 and 11) and subject areas (English language arts [ELA] 
and mathematics) in a school for a given year. Mean scale 
test scores were standardized within grades and subjects, 
and a measure of a school’s average level of achievement for 
a particular academic year was calculated by weighting the 
number of students tested by grade and subject. The result-
ing outcome measure represents the standard deviations 
above or below the statewide district- or school-level aver-
age for a given school year.

Student Need. Our models estimated cost differentials for 
three aspects of student need: (1) economic disadvantage, 
(2) limited English proficiency, and (3) student disability. 
Vermont’s existing school funding formula includes weights 
for the share of economically disadvantaged students and 

those with limited English proficiency in a district, and the 
state adjusts for differences in the cost of educating students 
with disabilities through a categorical grant program for spe-
cial education programs.

We considered two alternative measures for the share of 
economically disadvantaged students in a school: one 
reported by VT AOE1 and a second measure reported by the 
U.S. Department of Education’s CCD. The distinction 
between the two sources rests with how VT AOE categorizes 
schools eligible for schoolwide nutrition programs in their 
data. Schools with more than 40% of the student population 
identified as eligible for free- or reduced-price lunch (FRPL) 
are considered eligible for a schoolwide nutrition program. 
As a result, AOE data report schools with more than 40% of 
the students who are FRPL eligible as having 100% of the 
student population as FRPL eligible. Information reported to 
the U.S. Department of Education, however, included the 
actual percentage of students in a school who were FRPL 
eligible. Accordingly, the CCD data included more variation 
in the share of students who are FRPL eligible in a school 
than data reported by VT AOE. Based on this analysis, we 
used the percentage of FRPL-eligible students in a school 
reported in the CCD.

The percentage of students identified as English language 
learners (ELL) was our measure of limited English profi-
ciency. Schools report to VT AOE the number of ELL stu-
dents each year to comply with federal Title III requirements. 
The percentage of ELL students was calculated by dividing 
the number of ELL students in a school by its ADM for that 
same year. Overall, ELL’s comprise less than 2% of 
Vermont’s overall K–12 student population (NCES, 2017), 
and the majority of English language students are concen-
trated in a small number of urban school districts that are 
sites for Vermont’s Refugee Resettlement Program.

Our analysis included two measures of student disability 
in a school: (1) the share of students with mild disabilities 
and (2) the share of students with moderate or severe dis-
abilities. A child whose primary disability was a specific 
learning disability, speech or language impairment, emo-
tional disturbance, or other health impairment was classified 
as having a mild disability. All other students with an IEP 
(individualized education plan) were classified as having a 
moderate or severe disability (e.g., Autism spectrum disor-
der, multiple disabilities). The percentage of students in each 
category was calculated by dividing the number of students 
by a school’s ADM for that year.

School Structure. Vermont schools are organized according 
to different grade configurations (e.g., K–6, K–8, PK–3, 
7–12). To account for differences in the distribution of stu-
dents among elementary, middle and secondary grade levels 
in schools, we calculated the percentage of a school’s enroll-
ment by grade range; that is, elementary grades were defined 
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as grades K–5; middle grades as 6 to 8; and secondary grades 
as 9 to 12.

School Size. Our estimation models controlled for average 
daily membership in schools. Given policymaker interest in 
cost differentials for the state’s smallest schools, our focus 
was on estimating costs for schools with fewer than 250 stu-
dents. This threshold was established in cooperation with 
AOE and other state policymakers and based on reviewing 
the distribution of schools in the state by enrollment and 
existing research cost differential thresholds for small 
schools (Baker & Duncombe, 2004; Duncombe & Yinger, 
2007). For 2018, 23.4% of Vermont schools enrolled less 
than 100 students, 37.6% enrolled 101 to 250 students, and 
39% enrolled more than 250 students.

Geographic Isolation. We used the population density of 
the area covered by the school district in which a school is 
located as our measure of geographic isolation for a selected 
school. Population density was calculated as the total popu-
lation for the geographic area covered by a district divided 
by the total square miles covered by the district. To calculate 
population and geographic area, the land area of each mem-
ber town in a district was aggregated, as was each town’s 
population. Because population density could only be calcu-
lated at the district level, all schools within a given district 
were assigned the district’s population density.

Input Prices. Four regional indicators were used as controls 
for differences in input prices across labor markets in the 
state: Northeastern, Southeastern, Southwestern, and North-
western regions. The regional classifications were derived 
from those used by the Comparable Wage Index (CWI; Tay-
lor, 2006; Taylor & Fowler, 2006). The CWI is a measure of 
the systematic, regional variations in the salaries of college 
graduates who are not educators and is used to adjust dis-
trict- and school-level finance data for comparisons in prices 
across geographic areas. The geographic areas included in 
the CWI are based on a combination of core statistical areas 
reported by the U.S Census Bureau and aggregations of 
counties based on public use micro data in the ACS.

Inefficiency. The intent of indirect measures of ineffi-
ciency in this context is to address omitted variables bias in 
the dependent spending measure, that is, factors that might 
explain variations in spending that are not directly associ-
ated with variations in outcomes. Literature on public 
schooling efficiency points to three types of possible fac-
tors for addressing this type of omitted variables bias: (1) 
public monitoring, (2) fiscal capacity, and (3) competition 
density factors (Grosskopf et al., 2001). In our models, we 
used two measures of competition density: (1) a measure of 
county level income and (2) the Herfindahl index.2 Specifi-
cally, we calculate the Herfindahl index as the sum of the 

squared shares of district enrollment across each school in 
a district. Our index is calculated for the districts in which 
schools are located. A maximum of 1 indicates maximum 
concentration with one provider serving the whole market 
(i.e., a monopoly).

Analysis

The purpose of the analysis was to elicit from school 
spending data the cost of achieving specific levels of student 
performance. To do so, we set up a model that predicts 
spending levels from educational outcomes, and other fac-
tors, rather than predicting outcomes from spending levels. 
As such, the estimation models must correct for the fact that 
spending is influenced by outcomes, while simultaneously, 
outcomes are also affected by spending. The relevant statis-
tical approach is to isolate the effect of outcomes on spend-
ing—distinct from the effect of spending on outcomes—using 
a model in which exogenous measures of each school’s com-
petitive context are employed to correct for endogeneity in 
the outcome measure.

Formally, the cost model was estimated with two-state 
least squares regression, using instruments that are determi-
nants of the demand for student outcomes in a school, but do 
not directly influence per pupil spending levels (i.e., treating 
outcomes as endogenous).3 The first stage equation esti-
mates student outcomes using measures of the characteris-
tics of surrounding districts including economic and outcome 
characteristics of those districts as instruments. Here, we 
conceptualized, consistent with prior research, that the 
demand for student outcomes in a comparable district is a 
point of comparison for voters and school officials; that is, 
outcomes of neighboring districts will place competitive 
pressure on the observed school (Atchison et al., 2020; 
Duncombe et al., 2008; Duncombe & Yinger, 2005, 2011). 
In doing so, a key assumption underlying the use of charac-
teristics for neighboring districts as instruments in the model 
identification strategy is that a neighboring district does not 
affect educational costs in some other way. Specifically, the 
first stage equation is as follows:

           

Outcome NeighborIncome

NeighborHouseVal

Nei

sj sj

sj

= + +

+

γ γ

γ

γ

0 1

2

3 gghborAchieve

X

sj +

+γ ε

 (2)

where Outcomesj  is the student outcome scores for school s 
in year j; NeighborIncomesj  is the logged median income of 
residents in neighboring districts of school s in year j; 
NeighborHouseValsj  is the logged median housing value in 
neighboring districts of school s in year j; NeighborAchievesj  
is the average outcome score for schools in neighboring dis-
tricts of school s in year j; X γ  is a vector of the remaining 
predictor variables included in the second stage model; and 
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ε  is the random error term (see Appendix Table A1 for first 
stage estimation model results).

The second stage equation expresses current operating 
expenditures as a function of the predicted student out-
comes from the first stage equation and various cost factors. 
Specifically:

PPSpend Outcome Needs InputPrices

Scale Spars

sj sj= + + + +

+

β β β β

β
0 1


iity Structure

Inefficiency Year

β β
β β

+ +
+ + ε

 (3)

TABLE 3
Summary of Measures Used in Analysis

Measures Description Source

Total spending per pupil Total current per pupil operating expenses, divided by the number of 
students enrolled in a school during the same year.

VT AOE

Student outcomes  
Student need  
 Economic disadvantage % of students eligible for free-or-reduced price lunch CCD
 English language learners % of students identified as English language learners VT AOE
 Students with mild disabilities % of students with specific learning disabilities, speech and language 

impairments, emotional disturbance, and other health impairments
VT AOE

 All other students with disabilities % of students with all nonmild forms of disabilities VT AOE
School/district structure  
 Grade ranges served Enrollment by grade range (elementary, K–5; middle, 6–8; and 

secondary grades, 9–12), divided by average daily membership
VT AOE

Scale and sparsity  
 School size Indicator for whether a school’s enrollment fell into one of the 

following categories: <100 students; 101–250 students; >250 
students

VT AOE

 Geographic isolation The total population for the geographic area covered by a district 
divided by the total square miles covered by the district.

VT AOE1

Input prices  
 Labor market indicators In the Vermont school models, four regional indicators were used as 

controls for differences in local labor markets.
CWI

The regional classification was derived from the Education 
Comparable Wage Index (Taylor & Fowler, 2006), which uses a 
combination of Core Based Statistical Areas and aggregations of 
counties based on public use micro data areas in the U.S. Census 
Bureau’s American Communities Survey.

Inefficiency measures  
 Herfindahl Index Sum of the square enrollment shares across all schools in a district 

based on average daily membership
VT AOE

 County household income The median income of the households in the county ACS
Instruments for achievement (used in first-

stage equation)
 

 Household income in neighboring 
districts

The median income of households in the counties of neighboring 
districts

ACS

 Home values in neighboring districts The median housing value in the counties of neighboring districts ACS
 Average test scores in neighboring 

districts
Average NAEP-equated test scores from neighboring districts SEDA

Note. Sources: Vermont Agency of Education (VT AOE) administrative data systems; Comparable Wage Index (CWI; Taylor & Fowler, 2006; Taylor, n.d.); 
U.S. Census Bureau’s American Communities Survey (ACS); and Stanford Education Data Archives (SEDA). NAEP = National Assessment of Educational 
Progress.

where PPSpendsj  is a measure of current per pupil operat-

ing expenses in school (s) and year (j); Outcomesj is the pre-
dicted school-level average student achievement; Needs is a 
matrix of student needs measures including school percent-
ages of students who are FRLP-eligible, ELL, and students 
with disabilities (mild and severe, respectively); Input 
Prices is a matrix of indicators accounting for regional 
labor market (Northeast, Southeast, Southwest; Northwest 
serves as the omitted reference category); Scale is a matrix 
of indicators of school size category based on average daily 
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membership (<100, 101–250 students; >250 students 
serves as the omitted reference category); Sparsity is the 
natural logarithm of population per square mile for the dis-
trict in which a school is located; Structure is a matrix of 
school-level structural characteristics including percentage 
of enrollment in the middle level (Grades 6–8) and high 
school (Grades 9–12), respectively, and indicators of district 
locale (Rural and Towns; Urban/Suburban combined serves 
as the omitted reference category); Inefficiency is a matrix of 
variables that explain spending variation but is not directly 
related to commensurate shifts in outcomes (i.e., Herfindahl 
index based on school enrollment shares and county median 
household income)4; Year is a matrix of indicators for aca-
demic year (2010–2018, with 2009 the omitted reference 
category).

Results

School-Level Model

Table 4 presents the results of the Vermont school-level 
ECM. Model 1 describes differences in cost as the log of per 
pupil spending, and Model 2 describes cost in terms of total 
dollars spent per pupil by a school. Significance among the 
coefficients for the cost factors of interest were consistent 
across the models. We focus our discussion of the study’s 
findings on Model 2’s results, which are more readily inter-
pretable by policymakers.

Overall, in Vermont schools, we find that a $1,958 
increase in total spending per pupil is associated with a one 
standard deviation in our composite measure of student 
achievement in a school. Our findings also reaffirm that stu-
dents with different learning needs require additional 
resources to attain similar levels of academic performance. 
Achieving the same outcome levels in a school where 100% 
of the children are from families who are FRPL-eligible is 
expected to cost $3,948 per pupil more than achieving the 
same outcome in a school where none of the children are 
FRPL eligible. By contrast, achieving the same outcome lev-
els in a school where 100% of the students are ELL is associ-
ated with a $16,651 in additional per pupil costs. Similarly, 
attaining the same outcome levels in a school with 100% of 
the children having a mild disability is expected to cost an 
additional $12,128 per pupil than achieving the same out-
come in a school where 0% of the children have such dis-
abilities or impairments; the cost differential for students 
with all other types of disability is slightly higher, at $13,835 
per pupil.

Controlling for differences across districts in student 
needs, we find that both economies of scale and population 
density are relevant cost factors. The cost of achieving the 
same outcome levels in a school with fewer than 100 pupils 
is expected to cost about $1,059 more per pupil in total 
spending, compared with schools with more than 250 stu-
dents. Although not statistically significant at conventional 

levels, Vermont schools that enrolled between 101 and 250 
students spent about $323 more per pupil to attain the same 
outcome levels than schools that enrolled more than 250. 
The population density of the district in which a school 
resides also had an independent effect on school spending. 
Specifically, we find that schools operating in the state’s 
most sparsely populated areas must spend more to attain 
similar outcomes. For example, the same achievement level 
for a school in a district with a population density of less 
than 50 people per square mile costs $587 more per pupil 
than a school that resides in a district with more than 100 
people per square mile.

Estimating Weights for Policymaking

Vermont policymakers were most interested in evaluating 
existing pupil weights for differences in student needs and 
grade level and developing new weights for school size and 
geographic isolation, if appropriate. To support policymak-
ers’ decision making, we took the additional step to convert 
the coefficients derived from the ECM to pupil weights that 
could be used in the state’s existing school funding formula. 
To do so, we estimated the relationship between the pre-
dicted per-pupil spending derived from our cost function 
models and six cost factors that could be used in Vermont’s 
current funding system structure. Specifically:

      

PredictedPPS Poverty ELL SWD

Grade Range Enroll

sj sj sj sj

sj

= f ( , , ,

, mment

Sparsity

sj,

)sj

 (4)

where Predicted PPS is the predicted per pupil spending 
amount from the cost function mode for school (s) in year 
(j); Poverty is the percentage of economically disadvantaged 
students; SWD is composed of two variables that capture the 
share of students with (1) mild disabilities and (2) all other 
disabilities; Grade Range is the percentage of students in the 
middle (6–8) and high school (9–12) grades; Enrollment is 
composed of two measures of school size, <100 students 
and 100 to 250 students; and Sparsity is composed of three 
measures of population density in the district in which a 
school is located (<36 persons per square mile, 36–55 per-
sons per square mile, and 55–100 persons per square mile).5

Vermont’s existing formula incorporates weights in the 
equalized pupil calculation in different ways, depending on 
the cost factor. The formula first applies grade-level weights 
and calculates a grade-level weighted ADM. To the grade-
level weighted ADM, it applies the poverty weight. The ELL 
weight is directly applied to the number of ELL students not 
weighted by grade. Because the poverty weight is applied to 
the grade-level weighted ADM, this means that the poverty 
weight and the grade-level weights are multiplicative. In 
other words, the poverty weight counts for more in districts 
with more students in grades with higher grade-level weights 
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TABLE 4
Vermont School-Level Cost Model

Variables included in model

Log of total spending (Model 1) Total spending (Model 2)

Coefficient Standard error Coefficient Standard error

Student outcomes
 Average z score: All grades and subjects 0.173*** 0.047 1958.663*** 539.905
Student need factors
 % FRPL 0.350*** 0.133 3947.743*** 1,507.794
 % ELL 1.526*** 0.320 16651.186*** 3680.005
 % Mild disability 1.089*** 0.305 12127.550*** 3444.542
 % Other disability 1.314*** 0.426 13835.026*** 4613.161
School structure: Grade level
 % MS grade enrollment 0.190*** 0.042 1865.577*** 439.117
 % HS grade enrollment 0.248*** 0.046 2543.938*** 502.622
Enrollment (omitted category: >250 students)
 <100 students 0.114*** 0.035 1059.000** 413.708
 101–250 students 0.037 0.026 323.048 294.888
Sparsity
 Population per square mile (log) −0.087*** 0.033 −847.073** 364.277
Input price controls
 Labor market: Northeastern VT 0.134*** 0.045 1276.488*** 477.596
 Labor market: Southeastern VT 0.143*** 0.048 1500.557*** 504.588
 Labor market: Southwestern VT 0.138*** 0.051 1647.238*** 567.835
 Rural locale codes −0.122** 0.054 −1,157.085** 556.860
 Town locale codes −0.136** 0.055 −1,402.154** 562.140
Controls for inefficiency
 Herfindahl index: Enrollment 0.086 0.082 607.673 882.655
 County median household income 0.345*** 0.130 3123.478** 1476.646
Academic year fixed effects
 Year = 2010 0.016 0.012 36.942 162.040
 Year = 2011 0.030** 0.015 340.452* 182.088
 Year = 2012 0.000 0.019 −111.445 227.959
 Year = 2013 0.035** 0.018 344.330* 186.427
 Year = 2014 0.026 0.022 313.167 238.353
 Year = 2015 −0.014 0.027 −59.213 290.843
 Year = 2016 −0.029 0.027 −206.615 296.445
 Year = 2017 −0.038 0.031 −416.691 343.392
 Year = 2018 −0.059* 0.035 −594.289 384.193
Constant 5.412*** 1.377 −24555.283 15513.832
Number of school-level observations (2009–2018) 2,940 2,940
First-stage partial F 15.61 15.61
Hansen J (p value) .0465 .0227

Note. Instruments used in first-stage equation: median household income of neighboring districts, median housing unit value of neighboring districts, and aver-
age test scores of neighboring districts. A key assumption in using neighboring district characteristics as instruments is that a neighboring district does not affect 
the costs of the district under examination. MS = middle school; HS = high school; FRLP = free or reduced-price lunch; ELL = English language learners.
*p < .1. **p < .05. ***p < .01.

compared with districts with fewer students in high-weight 
grades. Other weights (e.g., ELL) are additive, meaning that 
the effect of the weight does not change based on other 
weights.

Table 5 presents the estimated coefficients from the 
school-level weight estimation regression model. To account 
for the multiplicative nature of the poverty and grade-level 
weights, we modeled the poverty and grade-level weights as 
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multiplicative by exponentiating them in a predictive model, 
as follows:

Predicted Cost
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where Poverty is the percentage of students in poverty;  
Grade Range is the percentage of students in the middle (6–8) 
and high school (9–12) grades; Year is an indicator for the fis-
cal year (2008–2009 through 2017–2018); ELL is percentage 
of students designated as having limited English proficiency; 
LowSeverity is the percentage of students with low-severity 
disabilities; HighSeverity is percentage of students with high-
severity disabilities; Size is total enrollment; Sparsity is the 
number of people per square mile; βs are estimated model 
coefficients; and ε is an independent and identically distrib-
uted error term. By modeling the predicted cost in this way, 
the relationship between the exponentiated portion of the 
equation and the predicted cost is log-linear, making it multi-
plicative, and the relationship between the remaining cost 

factors and the predicted cost is linear, making it additive. To 
calculate weights for the additive portion of the equation, we 
identified the “base” cost or the predicted cost for a school 
with no additional student needs, scale, or geographic-related 
costs, and in the lowest cost labor market. The remaining 
weights are then defined as each coefficient the linear cost 
factors divided by the base cost, respectively, as follows:

 Weight  Cost Factor Base Cost.= /  (6)

Table 5 also displays the exponentiated multiplicative 
coefficients and exponentiates the constant term which 
serves as a base amount that can be used to calculate pupil 
weights for specific cost factors. Here, the base amount is 
expressed as the exponentiated constant term plus an aver-
age of the year coefficients. The exponentiated coefficients 
for the multiplicative portion of the formula can be directly 
interpreted as weights and represent the additional cost as a 
percentage centered on 1. The exponentiated poverty coef-
ficient of 3.97 means that students in poverty cost about 
297% more than students not in poverty. In the calculations 
made by the state of Vermont, the grade-level coefficients 
remain centered on 1, whereas the poverty coefficient is cen-
tered on 0. To center the poverty coefficient on 0 rather than 
1, we subtract 1 from the poverty coefficients. The additive 
weights were calculated by comparing the predicted spend-
ing level by the base cost—for example, the additional cost 

TABLE 5
School Model Regression Calculation for Weights

Cost factors Coefficient Standard error
Exponentiated 

multiplicative coefficients

Multiplicative coefficients
 Poverty proportion 1.378 0.0239 3.97
 % Enrolled in middle grades 0.204 0.00917 1.23
 % Enrolled in secondary grades 0.186 0.00717 1.20
 Constant 8.570 0.0123 5,144
Additive coefficients
 Student need
  ELL proportion 8126.6 433.1  
  % Mild disability 16208.6 484.9  
  % Other SWD district 11076.6 657.6  
 Enrollment
  <100 students enrolled 1345.4 83.44  
  100–250 students enrolled 606.9 41.07  
 Sparsity
  <36 Sparsity 1207.4 57.31  
  36–55 Sparsity 856.8 44.59  
  55–100 Sparsity 568.4 39.26  
Number of observations 2,940  

Note. Regression includes year (2009–2018) dummy variables in the multiplicative portion of model that are not shown in the table. ELL = English language 
learners; SWD = students with disabilities.
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associated with operating a school with <100 students was 
$1,345, and the base cost was $5,144, equating to a weight 
of 0.26 for schools with fewer than 100 students.

Table 6 presents the final ECM-derived pupil weights for 
Vermont schools. Recommended weights for the share of 
economically disadvantaged and ELL students in a school 
were significantly different from those incorporated in cur-
rent statute. Such differences between current and recom-
mended weights are not entirely surprising. The existing 
weights predate the passage of Act 60 and when enacted in 
1997, had weak, at best, connections to evidence about the 
additional costs of educating students with disparate learn-
ing needs (Kolbe et al., 2019). Our findings also reaffirm 
that cost differentials exist across grade levels and according 
to where a school is located. While the state’s existing for-
mula includes a weight for secondary-level students (defined 
as Grades 7–12), we recommend splitting this factor into 
two distinct weights—one for middle-grade students (Grades 
6–8) and another for secondary-level students (Grades 
9–12).

We also identified weights for small schools. The per 
pupil weight for schools with less than 100 students was 
0.26. The weight for schools with enrollment between 100 
and 250 students was slightly less (0.12). This makes sense 
given that economies of scale might be expected to improve 
with increased school enrollment. Finally, weights were gen-
erated for schools located in rural areas according to the 

population density of the community in which a district is 
located. The pupil weight for schools in the state’s most 
sparsely populated areas, defined as having less than 36 per-
sons per square mile, was 0.23, and like the weights for size, 
decreased as population density increased; 0.17 for schools 
located in districts with 36 to 55 persons per square mile and 
0.11 for schools in districts with 55 to 100 persons per square 
mile.

Discussion

A key goal for state education policies has been to develop 
funding programs that provide additional resources to school 
districts that face higher costs in educating students to com-
mon standards. Ideally, state policy decisions for making 
cost adjustments would be set according to accurate mea-
sures of the cost of achieving a state’s goals for educational 
adequacy (e.g., some average level of student achievement 
or proficiency). Insufficient or inaccurate measures of cost 
differentials fundamentally undermine the ability of state 
operating aid formulas to ensure districts and schools have 
sufficient resources to provide an adequate education 
(Duncombe et al., 2015). Put simply, state policymakers 
need to know precisely how much money each district needs 
to meet a state’s goals for student performance. Such cost 
estimates assist legislators in setting spending levels consis-
tent with outcome demands and goals that are attainable at 
desired spending levels. Cost estimates may also guide 

TABLE 6
Cost Factor and Per Pupil Weights: Vermont Schools

Cost factors Existing formula weights ECM-derived weights

Multiplicative weights
 % Poverty (centered on 0) 0.25 2.97
 % Enrolled in middle grades (6–8) (centered on 1) 1.23
 % Enrolled in secondary grades (9–12) (centered on 1) 1.13 1.20
Additive weights (all centered on 0)
 Student need factors
  % ELL 0.20 1.58
  % Mild disability 3.15
  % Other SWD 2.15
 School enrollment
  <100 students 0.26
  100–250 students 0.12
 Sparsity
  <36 persons per square mile 0.23
  36–55 persons per square mile 0.17
  55–100 persons per square mile 0.11

Note. Grade range weights were set to a base value of 1.00. Grade range weights and poverty weights are multiplicative, meaning that the poverty weight is 
applied to the grade range weighted enrollment. Therefore, the poverty weight has a large effect in grade ranges with a larger weight. The remaining weights 
are additive, meaning the effect of the weights does not vary with the strength of other weights. Enrollment weights apply to school size. Evaluating the 
existing weight used for PK students was not included in the scope of this study. ECM = education cost modeling; ELL = English language learner; SWD 
= students with disabilities.



Cost Differentials for Rural Schools

13

courts in determining whether current funding levels and 
distributions (or the minimum educational achievement 
goals, for that matter) are unreasonable, insufficient, or oth-
erwise substantially misaligned with constitutional or other 
legal requirements.

In this article, we describe the approach we used in 
Vermont to develop a rational, empirically based policy 
framework for addressing cost differences for its rural 
schools. In doing so, we show how the state leveraged exist-
ing administrative data and applied rigorous statistical meth-
ods to estimate cost differentials for operating small schools 
and those located in geographically isolated areas. Our 
approach to estimating cost differentials for Vermont policy-
makers was novel, not only because district size and geo-
graphic location were explicitly considered as cost factors in 
the analysis but also because the effort advances knowledge 
about applying ECM to developing pupil weights for state 
K–12 school funding formulae.

In this study, we show that school size and population 
density, in Vermont, operate as independent cost factors, and 
as such, should be considered separately for the purposes of 
estimating cost differentials in rural schools. While, neces-
sarily, cost differentials are state specific, due to varying 
preferences across states for student performance, Vermont’s 
findings should prompt other K–12 education finance 
research to explicitly consider enrollment measures and 
population density when estimating cost differentials across 
districts and schools in a state. Currently, nearly half of 
states include some adjustment for differences in cost across 
districts and schools with small enrollments, and 13 states 
consider district location as a cost factor. This study provides 
an example that states may follow to evaluate their existing 
policies, and for states without existing adjustments for dif-
ferences in cost, how they might explore cost adjustments 
for small, rural schools. In Vermont, the study’s findings 
form the basis for proposed legislation to modify the state’s 
existing school funding formula. The state’s General 
Assembly is expected to deliberate proposed legislation dur-
ing the 2021 legislative session.

We also demonstrate the utility of using ECM as an ana-
lytic approach to estimating cost differentials across schools 
in a state. Despite increased interest in applying ECM to 
estimating costs for K–12 education finance research, to 
date, state school funding cost studies have largely relied on 
input-oriented approaches to estimating cost differentials 
across districts and schools (Aportela et al., 2014). Such 
approaches have drawn criticism for the level of effort and 
cost in implementation, as well as methodological limita-
tions, particularly when estimating costs for districts and 
schools that do not comport with the prototypes considered 
by professional judgment panels or evidence-based models 
(Baker et al., 2008). By comparison, in this study we show 
how grounding cost estimation in the actual experiences of 
schools in a state, as articulated by spending patterns, ECM 

is able to model spending differentials in a way that utilizes 
existing state data systems to provide actionable evidence 
state policymakers can use to develop equitable funding 
policies for all schools, including those with limited econo-
mies of scale and that are located in geographically remote 
areas.

Our work with Vermont policymakers to conduct this 
study also highlights several important considerations for 
applying similar approaches in other states. First, modeling 
cost differentials using ECM requires appropriate and ade-
quate data at the district and school levels, especially mea-
sures of student performance on state assessments or for 
other outcomes of interest, and the ability to link these data 
to other indicators of community context such as median 
household income and population density. While many 
states have made great strides toward expanding and improv-
ing data infrastructure, making it now possible to apply 
ECM, it is also the case that analysts who pursue this 
approach will need to carefully consider to what extent data 
are sufficient to support modeling at the district or school 
levels and how data from state administrative databases may 
be linked with other extant sources (e.g., SEDA, ACS, 
CCD).

It is also necessary to recognize that estimates resulting 
from the ECM cannot account for changes in the relation-
ship between education spending and measures of student 
performance that may occur in the future. In Vermont, for 
example, a key consideration was possible future gains in 
efficiency attributable to further changes in district and 
school governance, through consolidation, that may occur in 
the future. For this study, and others who may apply a simi-
lar analytic approach, this does not mean that the estimates, 
and resulting weights, are biased or not useful to policymak-
ers. Rather, they are conditioned on historical spending data. 
Cost estimation should be periodically updated using new 
data, and pupil weights recalibrated as appropriate. That 
said, the need to recheck and potentially recalibrate cost dif-
ferentials would occur regardless of whether school district 
consolidation transpired. Like input-based methods used in 
school finance research (e.g., professional judgment 
approach), cost differential estimation should be conducted 
periodically to ensure that estimated differentials best reflect 
current policies, educational practices, and local context in 
states and districts.

Finally, for this and other future studies, it will be impor-
tant to carefully consider the measure(s) of student perfor-
mance that are incorporated into the models. There is 
long-standing and lively debate about the strengths and 
weaknesses of different measures of student performance, 
and the extent to which certain measures—particularly stu-
dent achievement on standardized assessments—are suffi-
cient proxies for the types of outcomes policymakers desire 
from public schools. The selection of outcome measures is 
important for model estimation. Because efficiency is 
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defined by the selected performance measures, the division 
between costs and efficiency can vary across performance 
measures. Accordingly, when estimating the ECM using dif-
ferent performance measures (e.g., value-added or student 
growth measures), we may not expect to have the same 

variation in costs across schools. In fact, it is likely that the 
relationship between spending and different student out-
comes might be different. This is why it is necessary to select 
measures of student performance that are most salient for 
policymaking in a particular state context.

Appendix

TABLE A1
First Stage Model: Predicting Student Outcomes

Variables included in model Coefficient Standard error

Neighboring district median household income within supervisory union (log)a 1.598 1.284
Neighboring district median housing value within supervisory union (log)a −1.631 1.280
Neighboring district test scores within supervisory uniona 0.415 0.064
Labor market: Northeastern VT −0.208 0.161
Labor market: Southeastern VT −0.160 0.140
Labor market: Southwestern VT −0.239 0.141
% FRPL −2.063 0.208
% ELL −2.570 0.843
% Mild disability −2.367 0.765
% Other disability −3.195 0.929
% MS grade enrollment −0.211 0.107
% HS grade enrollment −0.401 0.104
<100 students 0.153 0.081
101–250 students 0.128 0.059
Rural locale codes −0.041 0.120
Town locale codes −0.017 0.127
Population per square mile (log) 0.042 0.091
Herfindahl index: Enrollment −0.310 0.292
County median household Income −0.679 0.362
Year = 2010 0.035 0.030
Year = 2011 0.141 0.036
Year = 2012 0.207 0.041
Year = 2013 0.140 0.055
Year = 2014 0.261 0.043
Year = 2015 0.295 0.062
Year = 2016 0.313 0.064
Year = 2017 0.345 0.069
Year = 2018 0.391 0.078
Constant 10.314 4.017
N 2,940
F test of excluded instruments F(3, 302) = 15.61

Note. FRPL = free or reduced-price lunch; ELL = English language learners; MS, middle school; HS, high school.
aExcluded instruments.

Notes

1. When evaluating the appropriateness of the AOE FRPL mea-
sure, we further disaggregated the data according to the share of 
students who receive free lunch and those who receive reduced-
price lunch.

2. As model identification is an iterative process, we tested a vari-
ety of measures typically used to capture public monitoring (clas-
sic determinants of local demand for increased public expenditure),  

including the share of the population that is school aged and the 
share of total revenue received through intergovernmental aid. 
These did not prove useful in any variations of our models. We 
note that while our Herfindahl index does not yield a statistically 
significant coefficient in the model presented herein, that it did in 
many other intermediate variations on these models, which were 
collectively used to inform our final recommendations.

3. Alternative model specifications exist for fitting second stage 
models to the cost frontier rather than the mean (e.g., Stochastic 
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Frontier models and Data Envelopment Analysis. Taylor and col-
leagues have developed work - around methods for treating outcomes 
as endogenous in a Stochastic Frontier application (Gronberg et al., 
2011; Taylor et al., 2018). But, to the extent that the functional form 
of the model when estimated by ordinary least squares, 2SLS, or  
stochastic frontier remains constant, or robust, then the difference 
in cost estimation is reflected only in the levels of predicted values 
across all units, and not in their variation across schools or districts.

4. We opt to project expenditures associated with achieving a 
given level of outcomes assuming average rates of efficiency, that 
is, holding efficiency factors constant, at their average, rather than 
maximized or minimized efficiency. This choice is based on the 
difficulty associated with accurately identifying maximized effi-
ciency across the rate of district and school types in any setting.

5. The state defined fewer than 100 persons per square mile as 
a sparsely populated area. To estimate reasonable and stable dif-
ferences across the population density categories each category 
needs a large number of schools. Using categories that have clear 
(whole number) cutoffs makes sense from a policy perspective, as 
it is easier to explain and maintain consistency from year to year, 
compared with creating groups with equal numbers (e.g., quintiles) 
but where cutoffs might be decimal places and might vary from 
year to year as population density changes. These groups resulted 
in approximately equal numbers of schools in each density cate-
gory. In 2016–2017, there were 70 schools in the smallest category 
(≤36), 59 in the next largest category (36–55), and 66 in the 55 to 
100 category. A total of 100 schools is in the >100 category.
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