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Approximately 20 states offer homestead exemptions to 
seniors and/or those with a disability without reimbursing 
local governments for lost revenue (Duncombe & Yinger, 
2001; Lincoln Institute of Land Policy and George 
Washington Institute of Public Policy, 2019). Among them, 
disability and senior household rates are five and seven per-
centage points greater in rural counties, respectively (U.S. 
Census Bureau, 2017a, 2017b). Such differences suggest 
homestead exemptions that target seniors or disabled people 
may disproportionately erode tax bases in rural school dis-
tricts, leading to disparities in educational resources and stu-
dent achievement. However, most studies find that 
educational spending rises in response to property tax exemp-
tions due to a corresponding decline in the median voter’s 
share of the cost (Addonizio, 1991; Brien & Sjoquist, 2014; 
Eom et  al., 2014; Fisher & Rasche, 1984; Rockoff, 2010). 
Variation in exemption features and school equalization 
effort warrants additional research in order to understand the 
extent to which such exemptions impact rural education 
finance. This article examines the effects of a homestead 
exemption for seniors and disabled people on school district 
expenditure and academic performance in Kentucky.

Kentucky offers valuable context to this line of inquiry in 
several respects beyond its targeted exemption. Almost all 

states have multiple exemption programs with overlapping 
eligibility and different levels of relief. Kentucky is one of 
only two states with a single exemption program, allowing 
us to examine its impact in isolation. Moreover, the exemp-
tion does not include local options that cause relief to vary 
by county, it is not means tested, and relief is capped at a flat 
dollar amount. Relative to states with similarly targeted 
exemptions, Kentucky’s disparity in senior and disability 
rates between rural and nonrural counties is about average, 
but its exemption is among the most generous in terms of the 
percent of property tax revenue lost. Last, Kentucky out-
ranks most states with regard to its school finance equaliza-
tion effort (Hightower et  al., 2010; U.S. Government 
Accountability Office, 1998). Since state aid is inversely 
related to taxable property wealth, we examine the efficacy 
of Kentucky’s equalization efforts at offsetting any interdis-
trict disparity caused by its exemption.

We use panel data from 1999 to 2013 to estimate a 
demand function for local education spending in the pres-
ence of Kentucky’s homestead exemption, then simulate 
local spending in the absence of the exemption. We find that 
the price elasticity of demand associated with the exemption 
is modest. This is perhaps due to the low salience of the 
exemption among most taxpayers. Due to the low magnitude 
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of the price elasticity, the price effect of the exemption on 
expenditure is negligible in the vast majority of areas where 
the fraction of property wealth that is exemptible is small, 
and it is almost completely offset by the state aid effect. In 
areas where the exemption claims a large fraction of prop-
erty wealth, but the median voter is not likely to claim the 
exemption, the median voter’s tax price is significantly 
higher, but the low-price elasticity combined with the offset-
ting increase in state aid lead to a modest net gain in expen-
diture. In districts where it is likely that the median voter is 
a claimant, the exemption greatly reduces the tax price of the 
median voter and increases the amount of state aid, but the 
price reduction reduces the benefit that the median voter 
derives from state aid to a large enough degree that the net 
increase in expenditure is modest.

The largest expenditure impacts that we observe lead to 
increases in standardized test performance of about 0.001 
standard deviations. These are weak effect sizes relative to 
many of the education interventions that have been studied 
by researchers (Yeh, 2010). The extent to which the resulting 
property tax increases crowd out the tax relief provided to 
senior and disabled homeowners ranges from −0.55% to 
−12%. Overall, the results suggest that Kentucky’s home-
stead exemption provides relatively generous tax relief to 
the disabled and seniors without increasing the resource and 
academic achievement gaps between rural and nonrural 
districts.

The article is organized as follows. The next section pro-
vides relevant background information and the conceptual 
framework. The subsequent section describes the empirical 
strategy and data. Estimation results are presented in the 
penultimate section, as well as simulations of the impacts of 
the homestead exemption on spending, property tax rates, 
and academic performance. We conclude with some discus-
sion of the practical policy implications of the findings and 
possibly fruitful avenues for future research.

Background and Conceptual Framework

Since 1972, Kentucky state government has made fully 
disabled homeowners as well as those aged 65 years or older 
eligible for a sizable homestead exemption. The exemption 
amount is recalculated every 2 years to adjust for inflation. 
In 2013, the exemption was equal to $36,000, which is equal 
to about 32% of the median home value in the state. For the 
average county, the homestead exemption wiped away about 
10% of potential assessed value. There is considerable varia-
tion among counties. As Figure 1 shows, rural counties 
experience substantially higher levels of property tax base 
erosion due to the homestead exemption. In 2013, all the 
counties in the top decile of the state distribution of exemp-
tion rates were located in the Appalachian region. Among 
these districts, the average percentage of gross value lost to 
exemptions was 21%. About 43% of the exempted property 
value of these counties belonged to disabled homeowners.

How have these local revenue base losses affected school 
district expenditures? Calculating the property tax revenue 
that is forgone due to the homestead exemption based on 
current property tax rates would not provide an accurate esti-
mate. That is because districts can levy higher property tax 
rates to offset base reductions. Additionally, the amount of 
property value exempted increases the amount of state aid 
received by districts, since the amount of aid received is 
inversely related to taxable property value. Thus, it is neces-
sary to utilize a demand function for local education spend-
ing and model the role played by the homestead exemption.

The public finance literature on the demand for state and 
local public services has focused on variables that poten-
tially have price and income effects on the demand of these 
services by voters. The conceptual framework that guides 
these studies typically features a government that chooses 
expenditure for each category to maximize the expected 
votes that it receives in the next election. Voters derive utility 
from public spending and disutility from the full income 
loss, which includes deadweight losses from taxation. Policy 
makers expect voters to support the fiscal platform that gives 
them the greatest net utility. Bergstrom and Goodman 
(1973), Zimmerman (1983), and Gade and Adkins (1990), 
among many others, posit that each voter’s preferred fiscal 
platform is proportional to their income.1 By the median 
voter theorem, the politically optimal fiscal platform is that 
which is preferred by the voter with the median income.

By specifying a utility function for the median voter and 
a budget constraint for both the voter and the government, 
the analyst can solve for an explicit demand function for 
public services. When the policy outcome of interest is 
expenditure, it is customary to assume a constant elasticity 
demand function of the following form (Duncombe, 1996):

	 E dP I X= δ γ β
 , 	 (1)

where E denotes education expenditure per pupil, d is a con-
stant that represents time-invariant idiosyncrasies that influ-
ence the median voter’s preferences, P denotes the median 
voter’s price for educational services, I  represents the 
median voter’s private income plus their share of state aid 
per-pupil, and X consists of time-varying preference factors.

In a context in which the government taxes assessed mar-
ket value in its entirety, and there are no exemptions or tax 
credits, the price term (P) is given by

	 P
V

V
= , 	 (2)

where V is the median home value in the school district, V  
is aggregate district property value per-pupil. The ratio 
V V/  is the median voter’s share of the marginal cost of per 
pupil educational services or their tax share.

The existence of exemptions or credits can alter the tax 
price. Research on Michigan’s circuit breaker conducted by 
Fisher and Rasche (1984) and Addonizio (1991) find that it 
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reduced the tax prices faced by communities and stimulated 
education spending. Previous research on homestead exemp-
tions has explored cases in which most or all homeowners 
were eligible for the exemption and state government reim-
bursed districts for the lost property tax revenue. Brien and 
Sjoquist (2014) examine a state-funded property tax exemp-
tion program in Georgia and find that it functions like a 
matching grant and lowers the tax price of local education 
spending for the median voter that increases local property 
tax revenue. Looking at the state-funded STAR (School Tax 
Relief) property tax exemption in New York, Rockoff (2010) 
and Eom et al. (2014) find that it reduced the median voter’s 
tax price and placed significant upward pressure on school 
district expenditure. In states such as Illinois where the 
homestead exemption is available to most homeowners and 
is not offset by state transfers, the median voter’s tax price is 
lower only if the median voter’s home value net of the 
exemption is less than assessed value per pupil (Brien & 
Sjoquist, 2014).

In Kentucky, however, only senior and disabled homeown-
ers are eligible for an exemption, and the property tax revenue 
lost is not reimbursed by the state. Thus, if the median voter is 
not senior or disabled, the Kentucky homestead exemption 
raises the median voter’s tax price by reducing district 

aggregate assessed value per-pupil while leaving the median 
voter’s assessed home value unchanged. If the median voter is 
senior or disabled, and claims the exemption, their taxable 
property is reduced by the exemption amount. We rewrite the 
formula for P to reflect these effects:

	 P
e V

e V

M

T
=

−( )
−( )
1

1
, 	 (3)

where eM  denotes the fraction of the median voter’s home 
that is exempt, and eT is the fraction of district total prop-
erty value that is exempt. If the median voter does not 
claim the exemption, then eM  equals zero. In that case, the 
reduction in district total taxable property value brought 
about by eT  increases their tax share. All else equal, this 
should lower the median voter’s preferred level of educa-
tion spending.

If the median voter is senior or disabled, then the numera-
tor of Equation 3, eM , is nonzero. The exemption claimed 
lowers the tax share more than the reduction in the tax base 
from district-wide exemptions increases it. Thus, the exemp-
tion places upward pressure on demand for education ser-
vices in districts in which the median voter is senior or 
disabled.

Figure 1.  Percent property base erosion due to homestead exemption in Kentucky counties, FY 2018.
Note. Percent property base erosion equals a county’s total exemption divided by total assessed property value based on data from the Kentucky Department 
of Revenue. Total amounts include residential, farm, and commercial property.
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The price effect is not the only channel through which the 
Kentucky homestead exemption affects demand for educa-
tion spending. Because the Kentucky aid formula awards 
more aid to districts with relatively low levels of per pupil 
taxable property value, the homestead exemption increases 
state aid per pupil. State aid in Kentucky consists of the 
SEEK (Support Education Excellence in Kentucky) pro-
gram, which is a minimum foundation aid plan, and the Tier 
1 program, which is a close-ended matching grant. The 
amount of state SEEK aid received by a district is given by

	 SEEK M t VMIN Net= − * , 	 (4)

where M is the state minimum level of expenditure per pupil, 
tMIN  is the minimum property tax rate that the district must 
levy to receive state SEEK funding, and V Net = 1−( )e VT . Since 
the inception of the SEEK program in 1991, the minimum rate 
has been $0.30 per $100 of taxable assessed value. It is appar-
ent that each dollar of the homestead exemption that is claimed 
by district homeowners increases the state’s share of SEEK 
spending by tMIN . As a result, it could stimulate spending on 
education.

The other major component of state aid is the Tier 1 
matching grant. For districts with per pupil property wealth 
less than 1.5 times the statewide average district per pupil 
property value, the Tier 1 program provides additional state 
funding. For local tax rates above the minimum that locali-
ties must levy to receive SEEK funds, Tier 1 aid tops up 
local funds to the level that would be raised if the local rate 
were applied to 1.5 times the statewide average per-pupil 
assessed value. In other words, local effort in the Tier 1 
range is equalized at 150% of the average base. The Tier 1 
formula allows districts to generate additional state and local 
funds up to 15% of their adjusted SEEK base guarantee. 
Thus, it is a close-ended matching grant. When a district 
reaches the maximum, the Tier 1 grant is essentially a lump-
sum grant. However, the funding amount continues to 
depend on a district’s assessed property value relative to the 
equalization level. Thus, use of the exemption by a district’s 
residents leads to additional Tier 1 aid. All the Tier 1–eligi-
ble districts in our panel are at the maximum level. Thus, we 
treat Tier 1 aid as lump-sum aid in the analysis.

State aid enters the median voter’s demand function as 
part of their “augmented income,” which is the sum of pri-
vate income and a portion of per-pupil state aid:

	 I I fA
e V

e V

M

T
= +

−( )
−( )
1

1
, 	 (5)

where I denotes private income, A is state aid per pupil, and 
f is a flypaper effect. It is unlikely that the elasticity of state 
aid is the same as the private income elasticity. To facilitate 
the separate estimation of the income and aid elasticities in 
the demand analysis, we rewrite the equation for augmented 
income:

	 I I f
A

I

e V

e V

M

T
= +

−( )
−( )















* .1
1

1
	 (6)

The flypaper effect f influences the value of state aid to 
the median voter since aid is not received directly by house-
holds but by the government. Though a portion of the aid is 
typically passed forward to residents in the form of tax cuts, 
the proportion that is spent on primary education tends to be 
greater than what would be spent from an equivalent increase 
in private income, which is the flypaper effect (Eom et al., 
2014; Oates, 1999). The value of state aid to the median 
voter is also mediated by their tax price since state aid sub-
stitutes for local tax dollars to some degree. This substitutive 
effect of state aid is more (less) valuable to the median voter 
the higher (lower) is their tax price. In districts in which the 
median voter is not eligible for the exemption, tax base ero-
sion due to the exemption increases their tax price, which 
places downward pressure on their demand for education 
spending. That downward pressure is offset by an income 
effect from additional state aid that is magnified by the 
higher tax price. In other words, district-wide use of the 
exemption makes a non–claimant median voter’s demand 
for education spending more sensitive to the additional state 
aid brought about by the exemption. In districts where the 
median voter is an exemption claimant, the exemption low-
ers the tax price that leads to a positive price effect on 
demand, but it has conflicting impacts on the median voter’s 
aid share. Like all other districts, a district in which the 
median voter is a claimant receives additional state aid per-
pupil. However, the price decrease reduces the median vot-
er’s share of state aid and could conceivably be large enough 
to overpower the impact of the aid increase and lead to a 
negative income effect, which offsets the positive price 
effect.

At this point, we have demonstrated that the homestead 
exemption potentially has price and income effects on school 
district expenditure. In the following section, we estimate a 
demand function for per-pupil expenditure for Kentucky 
school districts. We then gauge the impact of the homestead 
exemption by calculating the differences in the median vot-
er’s tax and state aid shares that are attributable to the 
exemption. We then combine these differences with the rel-
evant elasticities from the demand equation to arrive at the 
net effects on per-pupil expenditure.

Empirical Implementation

Substituting the equation for the tax price given by 
Equation 3 and the equation for augmented income given by 
Equation 6 into Equation 1, the demand function, taking 
logs, and using the simplification that ln 1+( ) ≈α α  when 
α  is less than 1, yields the estimating equation for per-pupil 
current expenditure:
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where di  is district i’s fixed effect and the first two regres-
sors are the components of the median voter’s tax price that 
have been decomposed through the product rule for loga-
rithms. Use of the product rule also facilitated the decompo-
sition of private income and the median voter’s share of 
state aid. X is a vector of district-level control variables, and 
Y is a vector of year effects. The term ε  is the idiosyncratic 
error.

We estimate the tax price components separately 
because it is conceivable that the median voter’s response 
to the exemption differs from their response to their overall 
tax share. This is because the impact of the exemption on 
tax price might not be salient for nonclaimants, and the 
impact on the demand for K–12 education services among 
seniors might be weak since they typically do not have 
school-age children. The exemption tax price compo-

nent, 1

1

−
−











e

e

M

T
, is the ratio between the taxable share of the 

median voter’s property and the taxable share of district-
wide property (i.e., the taxable share ratio). In districts where 
the median value homeowner was not likely to have been a 
claimant, this numerator is 1 but the denominator is less than 
1, which raises the ratio above 1. Because all the median 
voter’s property value is taxable but only a fraction of dis-
trict-wide property is, the existence of the exemption raises 
the median voter’s tax price. In districts where the median 
voter was likely to have been a claimant, the homestead 
exemption reduces 1− eM  by an extent that depends on the 
value of the homestead exemption in year t and the gross 
market value of the median voter’s property. It typically 
reduces 1− eM  to a larger degree than aggregate use of the 
exemption reduces 1− eT , meaning that the ratio is less than 
1 and the existence of the exemption lowers the median vot-
er’s tax price. We do not observe whether or not the median 
voter in each district claimed the homestead exemption. We 
can gauge the likelihood by estimating the proportion of 
homeowners in a district with incomes near the median who 
were claimants. Using various district-level tabulations on 
seniors and the disabled, micro data from IPUMS (Integrated 
Public Use Microdata Series), and county-level counts of 
senior and disabled exemption claimants from the Kentucky 
Department of Revenue, we estimated the density of exemp-
tion claimants in each bracket of a district’s income distribu-
tion for homeowners. A detailed explanation of our 
methodology is included in the online Supplemental 
Appendix A. If the proportion of claimants in the income 

bracket that contained a district’s median income was less 
than 50%, we assumed that the median voter in that district 
did not claim the exemption. In districts where the home-
stead exemption claimants were the majority of homeown-
ers in the bracket that contained the median, we assumed 
that the median voter claimed the exemption. Because voter 
participation tends to be greater among seniors, we esti-
mated specifications of the model in which we set the thresh-
old for designating the median voter as a claimant at 30% 
and 40%. We expect the taxable share ratio to have a nega-
tive elasticity.

The second component of the tax price is the median  
voter’s tax share, V V/ , which is the ratio between median 
home value and district aggregate assessed property value 
per pupil gross of exemptions. We utilize data on district 
median home values from the decennial Census and the 
American Community Survey, along with the estimates of 
district-level assessed value gross of exemptions that we 
developed (see online Supplemental Appendix A for details). 
We expect the tax share elasticity to have a negative sign.

To capture the impact of the homestead exemption on 
school district expenditures through its effect on the state aid 
received by districts, we include the median voter’s share of 
state aid in the model. This state aid measure includes both 
SEEK and Tier 1 funds. Treating both SEEK and Tier 1 
funding as lump-sum is valid since all the district-year 
observations in our panel are characterized by local revenue 
levels at or above their Tier 1 maximum amounts (i.e., the 
districts were above the marginal subsidy range of the grant). 
We expect the aid share to have a positive elasticity.

The models also include median household income for 
homeowners, enrollment and its square, along with the fol-
lowing controls for district demographic and economic char-
acteristics: the percentages of students in free or reduced-price 
lunch programs, special education plans, and who are char-
acterized by limited English proficiency, the district popula-
tion shares of African Americans, youths aged 5 to 17 years, 
and college degree holders. We also included the home own-
ership rate and the shares of homeowners who are aged 65 
years or older or aged 18 to 64 years with a disability. We 
specify all the variables in natural logs, except for variables 
expressed in percentage terms following standard practice in 
the education finance literature, for example, Duncombe and 
Yinger (2000, 2011). Year effects are included to control for 
national shocks. To control for time-invariant district idio-
syncrasies, we carry out the fixed effects transformation. 
Our district-level panel spans from 1999 to 2013. Summary 
statistics are reported in Table 1.

Potential Endogeneity

It is necessary for eligible homeowners to apply for the 
homestead exemption. The take-up rate among districts in 
our panel ranges from 28% to 100%. As Rockoff (2010) 
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notes, it is conceivable that take-up of an exemption is cor-
related with omitted variables that are also correlated with 
spending growth. Consequently, the taxable share ratio is 
potentially endogenous. This is also the case for the aid share 
since it is a function of the taxable share ratio. We construct 
instrumental variables (IVs) that are versions of the taxable 
share ratio and the aid share for which we set the take-up 
rates among seniors and the disabled equal to the average 
values across districts and time periods (i.e., the sample 
averages). These instruments should be correlated with the 
taxable share ratio and the aid share but uncorrelated with 
the error term since we utilized uniform take-up rates.

An additional instrument for the taxable share ratio is an 
annual rank–based measure that was developed by dividing 
the taxable share ratio in each year into thirds using the 
33rd and 67th percentiles as the cutoffs. We assigned the 
lowest third a rank of one, the middle third a rank of two, 
and the top third a rank of three. This index is highly cor-
related with the taxable share ratio by construction and 
should be uncorrelated with the error term because small 

changes in omitted variables are unlikely to result in a 
change in the value of a district’s rank (Evans & Kessides, 
1993; Ross & Nguyen-Hoang, 2013). This condition may 
not hold for observations near the threshold of the next 
third. However, the use of a small number of rank values as 
we have here mitigates this possibility.2 We estimate the 
model via a two-stage generalized method of moments 
(GMM) specification with clustering by district. Thus, our 
inference statistics are consistent, and our coefficient esti-
mates are efficient in the face of heteroskedasticity and dis-
trict level, temporal autocorrelation.

Estimation Results

Current Expenditure Model

Table 2 reports estimation results across different spec-
ifications with standard errors clustered by school district 
reported in parentheses. The results in columns 1 through 
3 were obtained via ordinary least squares (OLS), while 
the results in columns 4 through 6 were estimated via 

Table 1
Summary Statistics

Variables M SD Minimum Maximum

Current operating expenditure per-pupila 8,551 1,197 6,063 15,244
Taxable share ratio, 50% thresholdb 1.06 0.09 0.30 1.23
Taxable share ratio, 40% thresholdb 1.04 0.12 0.29 1.23
Taxable share ratio, 30% thresholdb 0.98 0.18 0.29 1.19
State aid share, 50% thresholdc 0.07 0.05 0.01 0.42
State aid share, 40% thresholdc 0.07 0.04 0.01 0.42
State aid share, 30% thresholdc 0.06 0.04 0.01 0.42
Median voter's tax shared 0.44 0.21 0.11 2.12
Median household incomee 47,883 15,257 21,189 187,170
% Students in free or reduced-price lunchf 46.83 15.65 0.00 90.37
% Students in special educationf 16.39 3.78 6.26 41.25
% Students limited English proficiencyf 0.80 1.62 0.00 18.26
% Adults college-educatede 14.03 6.49 3.70 40.10
Homeownership ratee 71.08 10.61 36.39 97.33
% African Americane 4.07 5.28 0.00 32.09
District enrollmentf 3,765 7,701 111 100,316
% Age 5-17e 19.13 2.06 11.33 30.73
% Age 65+e 28.31 5.68 12.68 49.04
% of homeowners with a disabilityb 11.10 6.68 1.40 37.96

aAuthors’ calculations based on data from the annual F-33 Survey of School District Finances from the National Center for Education Statistics (NCES) and 
enrollment data from the NCES Common Core of data. bAuthors’ calculations based on county-level exemption amounts from the Kentucky Department of 
Revenue, micro data from the 5% samples from 2000 Census and the 2009–2013 American Community Survey provided by IPUMS; district-level senior 
and disabled adult counts from the U.S. Census Bureau, and district-level data on assessed property value from the Kentucky Department of Education. 
cAuthors’ calculations based on district-level state aid data from the annual F-33 Survey of School District Finances from the National Center for Educa-
tion Statistics (NCES), enrollment data from the NCES Common Core of Data, and the data used to compute “Taxable share ratio” and “Median voter’s 
tax share.” dKentucky Department of Education. eAuthors’ calculations based on data from the U.S. Census Bureau. fAuthors’ calculations from the NCES 
Common Core of Data. gAuthors’ calculations based on county-level exemption claimant counts from the Kentucky Department of Revenue and data on 
the numbers of homeowners, seniors, and disabled adults per district from the U.S. Census Bureau.
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GMM. In both sets of results, the coefficient on the taxable 
share ratio, or the exemption price elasticity, has the 
expected negative sign while the coefficient on the median 
voter’s share of state aid has the expected positive sign. 
The OLS estimates of the exemption price elasticity tend 
to be larger in magnitude than their GMM counterparts, 
while the OLS estimates of the aid share coefficient tend 
to be smaller. The bottom four rows of the table report the 
results of the standard GMM specification tests. The Wu–
Hausman test strongly rejects the null hypothesis of the 
exogeneity of the taxable share ratio and the median vot-
er’s share of state aid in two of the three GMM specifica-
tions. Thus, the GMM estimates are more plausible than 
the OLS estimates provided that we have used valid instru-
ments for the endogenous regressors. The results of the 
instrument validity tests are encouraging. For all three 
specifications, the p values from the Kleibergen–Paap 
underidentification test indicate that the set of instruments 
are correlated with the endogenous regressors at the 99% 
confidence level.3 The p values of the Hansen’s J test for 
the exogeneity of the surfeit of instruments range from 0.2 
to 0.37, meaning that the test fails to reject the null 

hypothesis of exogeneity for all three specifications. Full 
tables of the first-stage GMM results are provided in the 
online Supplemental Appendix B.

We now discuss the GMM estimates of the price and aid 
share parameters in detail. In column 4 of Table 2, we present 
the results for the model in which we assumed that the median 
voter was a claimant if the share of claimants in the bracket 
that contained the median income exceeded 50%. The coef-
ficient on the taxable share ratio, or the exemption price elas-
ticity, is statistically significant at the 95% confidence level 
and has the expected negative sign but is small in magnitude. 
A 10% increase in taxable share of the median home value 
relative to the taxable share of aggregate value leads to a 
decrease in per pupil current expenditure of about −0.55%. 
The effect of the median voter’s share of gross market value, 
or the tax share price elasticity, is almost twice as large and is 
statistically significant at the 99% confidence level. A 10% 
increase in the median voter’s tax share leads to a 0.9% 
decrease in per-pupil current expenditure. The magnitude is 
consistent with estimates from previous studies. In their 
study of New York’s STAR exemption, Eom et  al. (2014) 
estimate a tax share elasticity of −0.041, while Brien and 

Table 2
Regression Estimates for the Current Expenditure Model

Ordinary least squares Generalized method of moments

  (1) (2) (3) (4) (5) (6)

  50% Threshold 40% Threshold 30% Threshold 50% Threshold 40% Threshold 30% Threshold

Taxable share ratio −0.069*** (0.019) −0.053*** (0.015) −0.035*** (0.010) −0.055** (0.023) −0.030 (0.019) −0.040*** (0.012)

State aid share 0.822*** (0.115) 0.810*** (0.111) 0.772*** (0.114) 0.898*** (0.123) 0.888*** (0.125) 0.836*** (0.135)

Median voter's tax share −0.081*** (0.027) −0.083*** (0.028) −0.077*** (0.028) −0.092*** (0.027) −0.083*** (0.029) −0.083*** (0.028)

Median household income 0.047 (0.046) 0.039 (0.047) 0.023 (0.048) 0.042 (0.047) 0.046 (0.047) 0.028 (0.048)

% Students FRPL 0.001** (0.000) 0.001** (0.000) 0.001** (0.000) 0.001* (0.000) 0.001** (0.000) 0.001** (0.000)

% Students IEP 0.004*** (0.001) 0.004*** (0.001) 0.004*** (0.001) 0.004*** (0.001) 0.004*** (0.001) 0.004*** (0.001)

% Students LEP 0.003 (0.002) 0.003 (0.002) 0.002 (0.002) 0.002 (0.002) 0.002 (0.002) 0.002 (0.002)

% Adults with B.A.+ −0.001 (0.002) −0.001 (0.002) −0.001 (0.002) −0.001 (0.002) −0.001 (0.002) −0.001 (0.002)

Homeownership rate 0.000 (0.001) 0.000 (0.001) 0.000 (0.001) 0.001 (0.001) 0.000 (0.001) 0.000 (0.001)

% African American 0.003 (0.004) 0.003 (0.004) 0.003 (0.004) 0.003 (0.004) 0.002 (0.004) 0.004 (0.004)

Enrollment −0.917*** (0.159) −0.916*** (0.162) −0.888*** (0.164) −0.909*** (0.159) −0.932*** (0.160) −0.846*** (0.157)

Enrollment squared 0.041*** (0.011) 0.041*** (0.011) 0.039*** (0.011) 0.040*** (0.011) 0.042*** (0.011) 0.037*** (0.011)

% Age 5−17 years 0.002 (0.002) 0.002 (0.002) 0.002 (0.002) 0.002 (0.002) 0.002 (0.002) 0.002 (0.002)

% Age 65+ years 0.003*** (0.001) 0.003*** (0.001) 0.003** (0.001) 0.003** (0.001) 0.003** (0.001) 0.003** (0.001)

% Homeowners with a disability 0.001 (0.001) 0.001 (0.001) 0.001 (0.001) 0.001 (0.001) 0.001 (0.001) 0.001 (0.001)

Observations 2,525 2,525 2,525 2,525 2,525 2,525

Clusters 176 176 176 176 176 176

Under identification p value .001 <0.001 <0.001

Endogeneity test p value <0.001 <0.001 <0.001

Weak IV F−Stat 49.818 56.335 207.024

Hansen’s J p value 0.253 0.200 0.371

Note. Standard errors clustered at district level in parentheses. FRPL = free or reduced-price lunch; LEP = limited English proficiency; IEP = Individualized Education Plan; IV 
= instrumental variable.
*p < .1. **p < .05. ***p < .01.
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Sjoquist (2014) estimate an elasticity of −0.099 in their study 
of Georgia’s Homeowner’s Tax Relief Grant exemption.

It is conceivable that the exemption price elasticity is 
considerably weaker than the tax share elasticity because the 
exemption has a small impact on the median voter’s tax 
price in most districts and consequently has low salience. 
The idea that weak demand among seniors contributes to the 
low exemption price elasticity is less plausible in light of our 
results. The percentage of homeowners in a district who are 
aged 65 years or older is positively related to current expen-
diture per-pupil and is statistically significant at the 95% 
level in all three specifications.

In the fifth and sixth columns, we report the results for 
alternative specifications for which we assumed thresholds 
of 40% and 30% for classifying the median voter as a claim-
ant. The exemption price elasticity is somewhat weaker in 
these specifications and is statistically insignificant when we 
assume a threshold of 40%. The magnitude of the tax share 
elasticity is similar across the three specifications, as is the 
effect of the median voter’s share of state aid. In all three 
specifications, the aid share coefficient has the expected 
positive sign and is statistically significant at the 99% confi-
dence level. A 10–percentage point increase in the aid share 
leads to a 9% increase in current expenditure per pupil. The 
remaining discussion of results will utilize the estimates 
from the specification based on the 50% threshold.

Simulation of the Effects on Expenditure and Property Tax 
Rates

We can use the exemption price and aid share elasticities 
to estimate the impact of the homestead exemption on current 
operating expenditure. For each district, we calculated an 
estimate of what the median voter’s aid share would be in 
2013 if the homestead exemption did not exist. Specifically, 
we used the gross-of-exemption assessed value estimates and 
the formulas for SEEK and Tier 1 aid to derive estimates of 
the aid amounts that districts would receive if the homestead 
exemption did not exist. We also removed the exemption 
component from the aid share formula. To estimate the effect 
of the exemption on the median voter’s tax price, we simply 

took the difference between the taxable share ratio and 1. We 
then combined these differences with the relevant elasticities 
to arrive at estimates of the price and income effects.

In Table 3, we report the percentage changes in the 
median voter’s tax price, state aid per dollar of median 
household income, and the median voter’s aid share that are 
attributable to the homestead exemption along with the price 
and aid effects on current expenditure per pupil. The first 
three rows report the results for districts in which it is 
unlikely that the median voter claimed the homestead 
exemption (i.e., the share of homeowners in the bracket con-
taining the median income who were senior or disabled was 
less than 50%). The net impact varies among districts with 
different proportions of gross property value lost to the 
exemption (i.e., exemption loss rates). Consequently, we 
report separate results for nonclaimant, median voter dis-
tricts at the 5th, 50th, and 95th percentiles of the 2013 distri-
bution of exemptible property shares. For the district at the 
5th percentile exemptible property share, the existence of 
the homestead exemption raises the median voter’s tax price 
by about 3%, which leads to a price effect equal to −0.16%. 
This downward pressure on expenditure is offset by the 
increase in the median voter’s aid share that results from the 
base loss driven by the homestead exemption as well as the 
price increase, which raises the value of state aid to the 
median voter. The 0.1–percentage point increase in aid share 
leads to a positive expenditure effect equal to 0.11%, which 
largely offsets the price effect, leading to a trivial −0.06% 
net effect on expenditure. The district with the median 
exemption loss rate experiences a 7.38% increase in tax 
price, which imposes downward pressure on expenditure 
equal to about −0.39%. The aid effect is large enough to pro-
duce a small net increase in expenditure of 0.06%. The dis-
trict with the 95th percentile exemption loss rate experiences 
a tax price increase that is about twice as large as that of the 
district with the median exemption loss rate along with an 
increase in state aid per dollar of median income that is 
somewhat larger. The large price increase significantly raises 
the value of state aid to the median voter, leading to an aid-
driven income effect that is more than three times as large as 
that experienced by the district with the median exemption 

Table 3
Simulated Impacts of the Homestead Exemption on Current Expenditure per Pupil, FY 2013

District scenarios
% Change in 

price Price effect
Change in state aid  
per dollar of income

Aid share 
change Income effect Net effect

Claimant minority districts  
  5th percentile exemption loss 2.99 −0.16 0.16 0.11 0.10 −0.06
  Median exemption loss 7.38 −0.39 0.26 0.50 0.45 0.06
  95th percentile exemption loss 14.53 −0.74 0.37 1.56 1.41 0.67
Claimant majority districts −42.02 3.31 0.29 −3.36 −2.94 0.65
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loss rate. This aid effect exceeds the price effect by a large 
enough degree to yield a modest net increase in expenditure 
of 0.67%. Most of the districts in this range are rural. 
Specifically, about 92% of the districts in the top decile of 
the exemption loss rate were designated as “rural” by the 
U.S. Census Bureau in 2013.

The simulation results for the average district in which 
homestead exemption claimants constitute the majority of 
homeowners near the median income are presented in the 
fourth row of Table 3. In these districts, we assumed that the 
owner of the median value home took the homestead exemp-
tion. The homestead exemption reduces the median voter’s 
tax price by 42%, on average, which leads to a large, positive 
price effect of 3.3%. Though the price reduction puts signifi-
cant upward pressure on the median voter’s demand for edu-
cation spending, it also greatly reduces the value of state aid 
to the median voter. Even though the average district in this 
group receives an increase in state aid that is comparable to 
what other districts receive, the price reduction is large 
enough to produce a decrease in the median voter’s share of 
state aid of 3.4%, which yields a negative aid–driven income 
effect of 2.94%, which offsets most of the positive price 
effect, yielding a net expenditure increase of 0.65%. In 2013, 
11 districts were in this group. About 27% of them were 
rural, 18% were either in cities or suburbs, but a narrow 
majority (55%) were classified as “town” districts by the 
U.S. Census Bureau. This category denotes small communi-
ties located within urban clusters.

Overall, these results suggest that in the districts in which 
the median voter was unlikely to have taken the homestead 
exemption but the overall tax base loss due to the exemption 
was low, the price effects were small enough in magnitude 
that the almost universally modest aid effects offset them 
almost completely. In the small number of districts in which 
the median voter likely did not claim the exemption, but the 
proportion of gross property value lost to the exemption was 
high, the positive net expenditure effects were nontrivial. In 
the small number of districts where it is highly probable that 
the median voter took the exemption, the reductions in tax 
price were remarkably large but were largely offset by nega-
tive aid-driven income effects, leading to a modest degree of 
upward pressure on current expenditure. Overall, it does not 

appear that the existence of the exemption has substantially 
affected the distribution of resources between rural and 
nonrural districts.

The net expenditure impacts influence the level of tax 
relief received by homestead exemption claimants through 
changes in property tax rates. We estimated these effects 
with the following steps. First, we converted the net expen-
diture changes into dollar amounts. We then estimated the 
changes in property tax revenue by multiplying the changes 
in expenditure levels with the district share of own-source 
revenue from the property tax, assuming that these propor-
tions are fixed. We arrived at the change in the property tax 
rate by dividing the property tax revenue changes by the dis-
trict’s assessed value. The exemption offset arising from the 
expenditure demand effect in a district is given by

	 Offset
V H

Hdi
i Di

i

=
−( )∆τ

τ
*

*
, 	 (8)

where D = senior or disabled, τi denotes the property tax 
rate in district i, ∆τi  is the change in the rate attributable to 
the effect of the homestead exemption on demand for current 
education expenditures, VDi  is the average gross-of-exemp-
tion home value of senior (disabled) homeowners, and H 
denotes the homestead exemption amount. We do not have 
district-level data on home values by age group and disabil-
ity status. Consequently, we utilize the average values 
obtained from the IPUMS American Community Survey 
microdata for 2009 to 2013. We assume that the average 
home values for senior and disabled homeowners in a dis-
trict are equal to the average values for that district’s Public 
Use Microdata Area (PUMA).4

Estimates of the homestead exemption offsets are 
reported in Table 4 for the same selection of districts utilized 
for Table 3. Since the net effects of the homestead exemption 
on expenditure in districts in which median voter was not 
likely to have claimed the exemption and that are also char-
acterized by low-to-moderate exemption loss rates are small, 
the predicted property tax rate decreases are miniscule 
(−0.14 and 0.25, respectively), leading to almost no effect on 
the tax relief received by senior and disabled households. 
We see modest impacts elsewhere. Among districts in which 

Table 4
Simulated Impacts of the Homestead Exemption on Property Tax Rates and Exemption Offsets, FY 2013

District scenarios
% Change in property 

tax rate
% Change in offset for 

senior
% Change in offset for 

disabled

Claimant minority districts
  5th percentile exemption loss −0.14 0.47 0.33
  Median exemption loss 0.25 −0.92 −0.55
  95th percentile exemption loss 5.91 −11.94 −11.67
Claimant majority districts 1.61 −6.32 −3.52
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the median voter likely did not claim the exemption but 
which have high exemption loss rates, the estimated expen-
diture increase leads to a property tax rate increase of 5.9%, 
which decreases the tax offsets received by senior and dis-
abled homeowners by roughly 12%, on average. The impact 
of the demand shifts on the tax relief received by homestead 
exemption claimants in districts in which the median voter is 
likely to be among them is considerably weaker. The esti-
mated expenditure increase leads to a property tax increase 
of 1.6% that increases the level of property tax relief received 
by the average senior homeowner by 6% while cutting into 
the relief received by the average disabled homeowner by 
3%. These results suggest that the spending shifts generated 
by the exemption are generally not large enough to produce 
significant differences in the tax relief received by senior 
and disabled homeowners across districts.

Impact on Academic Performance

In this section, we determine whether the expenditure 
shifts driven by the homestead exemption are large enough 
to have substantive impacts on academic performance. Our 
performance measures are the school-level subject area indi-
ces utilized in Kentucky’s education accountability system. 
The index score for a particular subject is the weighted sum 
of the proportions of students scoring at each achievement 
level. In ascending order, these achievement levels are nov-
ice, apprentice, proficient, and distinguished. For each dis-
trict, the Kentucky Department of Education computes the 
academic indices for three levels of schooling: elementary 
(Grades 4–5), middle (Grades 6–8), and high (Grades 9–12). 
Some school buildings contain more than one level. We uti-
lize the indices for math, reading, science, and social studies 
since they are available for most of the time span covered by 
the expenditure analysis (2001–2010). We estimate the 
achievement models separately for the elementary, middle, 
and high school levels. Prior to estimating the models, we 
transformed the academic indices into z scores since the cut 
points for the achievement categories changed in the 2005–
2006 school year.

We estimated the following model for the achievement 
index in s subjects (math, reading, science, and social stud-
ies), k schools, at L levels (elementary, middle, or high) for t 
years (2001–2010):

   A E X Y uskLt skL sL kt skl kt sLt skLt= +∅ + + +µ β* * , 	 (9)

where A denotes the academic index in a particular subject 
at a specific schooling level for a school in year t. The term 
µskL represents a subject-school-level fixed effect. Ekt  is 
school current operating expenditure per pupil in year t. 
Xkt  is a vector of time-varying, school-level demographic 

variables. Y captures state-wide temporal shocks and u cap-
tures time-varying, unmeasured subject-school-level-year 
idiosyncrasies.

School expenditure is potentially correlated with omitted, 
time-varying characteristics that are also correlated with 
academic performance (Papke, 2005). Consequently, we uti-
lize two instruments for expenditure: the annual tercile rank 
of a school’s expenditure and the unweighted average dis-
trict level, per pupil expenditure among districts in neigh-
boring counties. The justification for the tercile rank measure 
is the same as that which was put forward in defense of the 
tercile rank IV used in the expenditure analysis.5 The ratio-
nale for the use of the average per-pupil expenditure of 
neighboring counties as an IV is that competition for house-
holds and prestige should induce correlation between a 
school’s expenditure and the expenditure levels of its neigh-
bors. However, the average among neighbors should only be 
related to a school’s own academic performance through its 
effect on a school’s own expenditure, conditional on school 
demographic and economic characteristics (Eom et  al., 
2014; Gupta et al., 2009; Ross & Nguyen-Hoang, 2013). For 
all the subject areas and school levels, the instruments sat-
isfy two criteria: from underidentification tests, we find that 
the instruments are jointly correlated with the endogenous 
regressors; in overidentification tests, we fail to reject the 
joint exogeneity of the surfeit of instruments at the 95% con-
fidence level. These tests provide evidence of the validity of 
the instruments.

The control variables utilized are the percentage of a 
school’s students who are in the free or reduced-price lunch 
program, the African American share of school enrollment, 
along with total enrollment and its square. School-level 
measures of the special education program and limited 
English proficiency shares of enrollment are not available. 
Consequently, we used the district-level measures in our 
achievement models. As we did with the expenditure model, 
we carry out the fixed effects transformation to control for 
time-invariant idiosyncrasies and include year effects. We 
estimate the model via two-step GMM with clustering by 
school to obtain inference statistics that are consistent and 
coefficient estimates that are efficient in the face of hetero-
skedasticity and school-level autocorrelation. The first and 
second-stage results are reported in the online Supplemental 
Appendix C. We find that the Wu–Hausman endogeneity 
test fails to reject the null hypothesis of exogeneity for all of 
the achievement equations, which suggests that the endoge-
neity of spending is not significant. Consequently, we utilize 
the OLS estimates of the achievement models.

In Table 5, we report the OLS coefficient on expenditure 
for each subject and school level. The full tables are pro-
vided in the online Supplemental Appendix D. At the ele-
mentary level, expenditure per-pupil is positively related to 
all four subject indices. With the exception of the equation 
for reading, the effect of expenditure is statistically signifi-
cant at the 95% confidence level or higher. A 10% increase 
in per-pupil expenditure increases the elementary math 
index by 0.02 standard deviations. The expenditure effects 
on science and social studies are about two thirds as large. 
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Expenditure is significantly related only to the social studies 
index at the middle school level and the science index at the 
high school level.

We use the coefficients from the academic index models 
and the net expenditure effects presented in the previous 
section to estimate the performance impacts of the home-
stead exemption (Table 6). Specifically, we assume that the 
percentage changes in spending brought about by the 
exemption at the school level are equal to the percentage 
changes at the district level. This approach is justifiable 
provided that expenditure changes tend to be allocated to 
schools within a district in proportion to their initial budget 
shares. Since the net expenditure effects for the district with 
the 5th and 50th percentile exemption loss rates are near 
zero, the impacts on academic performance are also negli-
gible. For the district with the 95th percentile exemption 
loss rate, the achievement impacts are larger but still quite 
small. The net increase in expenditure attributable to the 
homestead exemption leads to increases in the elementary 
math, social studies, and science, middle school social stud-
ies, and high school science in the neighborhood of one 
thousandth of a standard deviation. We see similar impacts 
for districts in which the median voter is likely to have been 
a claimant. These impacts are small relative to many inter-
ventions that have been studied by education researchers 
and economists.6

Conclusion

Tax offsets such as Kentucky’s homestead exemption for 
the senior and disabled are appealing to policymakers since 
they potentially enhance the vertical equity of the combined 

state–local tax system while scoring political points with 
senior voters (a relatively engaged group) at no apparent 
cost to the state. However, because of the role that taxable 
property wealth plays in the generation of local revenues and 
in many state aid formulas, property tax relief programs such 
as Kentucky’s homestead exemption can have unintended 
consequences, particularly for rural districts since they tend 
to have above-average densities of disabled and senior 
residents.

In this study, we examine the impact of the homestead 
exemption in Kentucky on school district current expendi-
tures, property tax rates, and academic achievement. We find 
that the exemption influences school district expenditure 
through price and income effects but that these impacts tend 
to be offsetting. In districts where the median voter is not a 
claimant, district-wide use of the exemption erodes the tax 
base, which increases the median voter’s share of the cost of 
locally financed education spending. This tax price increase 
puts downward pressure on the median voter’s demand for 
K–12 education spending. The tax base erosion due to the 
exemption increases state aid per-pupil due to Kentucky’s 
progressive aid formula. The additional aid places upward 
pressure on demand for education spending. When the 
median voter is not a claimant, the higher tax price increases 
the value of state aid to the median voter, which enhances 
the positive aid-driven income effect. The interplay between 
the price and income effects is different in districts where it 
is likely that the median voter is a claimant. Though the 
exemption greatly reduces the tax price of the median voter 
and increases the amount of state aid received by the district, 
the price reduction decreases the value of state aid to the 
median voter, which offsets the positive price effect. The net 

Table 5
Expenditure Coefficients From the Academic Index Equations by School Level and Subject Area

School level Math Reading Science Social studies

Elementary 0.18*** 0.07* 0.12*** 0.11***
Middle 0.06 0.07 0.06 0.17***
High 0.05 0.11 0.16** 0.05

*p < .10. **p < .05. ***p < .01.

Table 6
Homestead Exemption Impacts on Elementary, Middle, and High School Academic Performance, Standard Deviations

District scenarios
Elementary 

math
Elementary 

science
Elementary 

social studies
Middle school 
social studies

High school 
science

Claimant minority districts
  5th percentile exemption loss −0.0001 −0.00008 −0.00007 −0.0001 −0.0001
  Median exemption loss 0.0001 0.00007 0.00006 0.0001 0.00009
  95th percentile exemption loss 0.001 0.0008 0.0007 0.001 0.001
Claimant majority districts 0.001 0.0009 0.0009 0.001 0.001
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effect on expenditure depends on the relative magnitudes of 
the price and aid-driven income effects. In our analysis, we 
find that the exemption price elasticity is modest. 
Consequently, the price effect of the exemption on expendi-
ture is negligible in the vast majority of areas where the frac-
tion of property wealth that is exemptible is small and it is 
almost completely offset by the aid effect. In areas where the 
exemption claims a large fraction of property wealth, but the 
median voter is not likely to claim the exemption, the median 
voter’s tax price is significantly higher but due to the low 
price elasticity, the increase in state aid to the district, and 
the increased value of aid to the median voter due to the 
price increase, these districts experience modest net gains in 
expenditure. In districts where it is likely that the median 
voter is a claimant, the exemption greatly reduces the tax 
price of the median voter and increases the amount of state 
aid, but the price reduction reduces the benefit that the 
median voter derives from aid to a large enough degree that 
the net increase in expenditure is modest. None of the esti-
mated expenditure increases are large enough to produce 
substantial improvements in student achievement. Nor do 
they produce property rate increases high enough to signifi-
cantly cut into the tax relief received by senior and disabled 
homeowners.

Overall, the results suggest that Kentucky’s homestead 
exemption provides relatively generous tax relief to senior 
and disabled homeowners without significantly reducing 
the resources available to the vast majority of districts or 
affecting the resource and academic achievement gaps 
between rural and nonrural districts. This is primarily due 
to the offsetting effect of additional state aid and to the 
low-price elasticity associated with the exemption. The 
modest magnitude of the price elasticity could be the result 
of the low salience of the exemption among nonclaimants. 
Another possible contributing factor is the minimum local 
effort requirement that districts in Kentucky must meet to 
receive funding from SEEK, the state’s minimum founda-
tion grant program. Another critical contextual factor 
uncovered in this study is the exclusive use of relative tax-
able property wealth to measure local fiscal capacity. The 
examination of the impacts of exemptions for the senior 
and disabled in states with less stringent local effort 
requirements and funding formulas in which relative tax-
able property wealth plays a less central role would sharpen 
our understanding of the impacts of this important tax 
relief mechanism on school district budgets.
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Notes

1. Grandmont (1978) shows that the median voter model can be 
generalized to multidimensional policy spaces provided that voter 
preferences can be written in a way that each voter’s preferred set 

of policies is proportional to a single voter characteristic such as 
income or innate ability.

2. Following Evans and Kessides (1993), as an informal check 
of the orthogonality of the tercile rank IV, we run the first-stage 
regression of the taxable share ratio over the instruments and the 
control variables. We then generate predicted values of the taxable 
share ratio and divide them into terciles. If the correlation between 
the error term of the taxable share ratio does not change the ter-
cile rank, then the tercile rank of the predicted taxable share ratio 
should be almost the same as the tercile rank of the actual measure. 
In our sample, the fraction of district-year observations with pre-
dicted ranks that equal the actual ranks is 0.74. While we do not 
have a formal test statistic, the close correspondence between the 
actual and predicted ranks provides support for the orthogonality 
of the instrument.

3. Evidence of identification of the endogenous variables does 
not rule out the possibility that the instruments are only weakly corre-
lated with the endogenous regressors. Weak identification can poten-
tially produce a serious degree of small-sample bias. We obtained 
the Kleibergen–Paap weak identification test statistics and compared 
them to the critical values provided by Stock and Yogo (2005). These 
critical values are defined so as to ensure that the bias of GMM is no 
more than 10% of the bias of OLS at the 95% confidence level. For 
all three of our specifications, the Kleibergen–Paap statistic exceeds 
the critical value. The Kleibergen–Paap statistic is robust to within-
cluster correlation in the errors. However, the Stock–Yogo critical 
values require an assumption of iid. errors. Critical values for the 
Kleibergen–Paap statistic have not yet been developed. This is prob-
lematic since autocorrelation could be present. When one is dealing 
with potential within-cluster correlation in a GMM context, Baum 
et al. (2007) recommend reporting the Kleibergen–Paap statistic and 
using the Stock–Yogo critical values with caution.

4. Public Use Microdata Areas (PUMAs) are population clus-
ters of roughly 100,000 people. The PUMA is the lowest level of 
geography in the IPUMS microdata.

5. As we did with the tercile rank IV in the expenditure equation, 
we examined the correspondence between the tercile ranks of pre-
dicted expenditure from the first-stage regressions and the tercile 
ranks of actual expenditure as an informal test of the orthogonality 
of the tercile rank IV. We found that the predicted ranks matched 
the actual ranks for 96% of the observations at the elementary level, 
92% at the middle school level, and 94% at the high school level. 
These results suggest that the correlation between per-pupil spend-
ing and the error disturbance is not likely to be strong enough to 
undermine the orthogonality of the IV.

6. Yeh (2010) compiles estimates of the effect sizes of 22 edu-
cational interventions, ranging from the 0.5 standard deviation 
increases in test performance attributed to comprehensive school 
reform to the 0.001 standard deviation increase generated by char-
ter schools. The largest impacts that we find roughly correspond to 
the weakest interventions in Yeh’s review.
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