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Abstract  

This paper provides a more comprehensive evaluation of the role of financial resources 
available to public schools on student achievement. Specifically, I estimate the short- and long-
term impact on student performance of each type of school expenditure: operating, minor capital, 
and major capital. I use a dynamic regression discontinuity design that relies upon the exogenous 
variation in public school funding created by marginally approved or failed local referenda to 
fund school districts. I find that only the approval of additional operating expenditures and 
exclusively in the short-term has a positive effect on the student test scores: about 0.033 standard 
deviations (0.27 percentage points) increase in math proficiency scores in the first year following 
the approval of an additional $1,000 extra per pupil operating expenditure. I also examine four 
channels - class size, attendance, discipline, and teachers’ compensation - through which each 
type of expenditure could affect the performance of students. I find that the subsequent increase 
in the average expenditure on instructional staff is the only channel that can explain the positive 
effect of additional operating expenditure. Finally, I do not find any long-term effect on student 
performance for any type of school expenditures. 
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I. Introduction 

Human capital is one of the most important determinants of success in the job market 

(Becker, 1964; Goldin and Katz, 2009). Educational system produces human capital by 

combining various inputs with the available educational technology.2 We expect that, as with 

other productions, more inputs into the educational system will lead to more output in the form 

of human capital. The main purpose of this paper is to examine the empirical evidence for this 

relationship. Specifically, this paper focuses on the public school system3, various types of 

school expenditures4, and test scores5. Using a causal framework, which is discussed in details 

later, I find that operating expenditures has a positive but short-term impact on student test scores 

(mainly through their impact on the compensation of the instructional staff). However, major 

capital expenditures seem to have no impact on student outcomes.  

The relationship between various types of school expenditures and student outcomes has 

important policy implications. Public schools in the Unites States are mostly funded through 

local property taxes, which means that wealthier districts have more resources to put towards 

education than poorer districts. This variation in funding has led to an inequality of opportunity 

for students (Jennings, 2012), which in turn leads to few children of low income families moving 

into higher income brackets (Breen, 2010; Brown, 2013). A centralized school funding system 

that provides all school districts with identical per pupil allowance might solve this problem, but 

is not politically viable in most states, much less across the whole country. Another option is to 

focus federal and state resources on programs/projects that have the most impact on improving 

the educational attainment of students in disadvantaged school districts. By examining the effect 

of various types of expenditures (i.e. operating, minor capital, and major capital expenditures) on 

educational outcomes and the channels through which these effects take place, this study aims to 

help policymakers decide between different programs and projects, for instance, building a new 

classrooms versus increasing the salary of the educational staff.  

                                                            
2 One can rely on the same terminology to describe other elements of this production function. For example, 
teachers can be viewed as those who provide the “labor” and school facilities act as the “capital” input of this 
production function. The curriculum, teaching techniques, computers and other educational enhancing software and 
hardware can be grouped as the elements of “technology” in this “production” function. The outcome, human 
capital, is harder to measure, but proxies such as test scores and measurable social skills are the indicators that are 
used in the literature to evaluate the output of the schools’ human capital production function.  
3 As the main educational system in most societies. 
4 As the proxies for different inputs (labor versus capital) in the human capital production function of schools. 
5 As proxy for human capital. 
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Previous empirical studies do not agree on the impact of financial resources on student 

outcomes. The Coleman report (Coleman et al., 1966) is the first attempt to study the role of 

“school quality.”6 The report finds that, on average, school quality has only a small effect on 

student achievement; the socio-economic status of the student’s family is much more important. 

However, this report also finds that the least economically advantaged groups benefit the most 

from higher school quality. Follow-up studies have found evidence for (Hanushek, 1986; Cellini 

et al., 2010; Neilson and Zimmerman, 2014; Hong 2016; Martorell et al., 2016) and against 

(Greenwald, 1996; Card and Krueger, 1996; Jackson et al., 2016) the Coleman report; Even 

meta-analyses disagree about which side of the argument has produced more reliable evidence in 

support of their case.7 In order to resolve this disagreement and to better understand the true 

effect of school expenditure, some studies have shifted their focus to long-term outcomes such as 

income in adulthood.8 These results have also been inconclusive (Card and Krueger, 1996), 

although more recent papers, equipped with better data and a more reliable causal framework, 

have found that school spending does indeed lead to better educational outcomes and eventually 

higher income (Jackson et al., 2016; Hyman, 2017). 

Despite this extensive body of work and its many important contributions, there are 

significant limitations in the previous work. The most important shortcoming of early work is its 

inability to identify a causal effect of spending on outcomes (Jackson et al., 2016). More recent 

work has addressed this issue;9 However, these recent studies either estimate the impact of total 

expenditures (e.g., Jackson et al., 2016; Kogan et al., 2016; Lavertu and St. Clair, 2017), or of 

major capital expenditures only (e.g., Cellini et al., 2010; Hong and Zimmer, 2016; and Martorell 

et al., 2016). This paper is the first to provide causal estimates of the effects of each of the three 

major spending categories - operational expenditures (e.g. teacher salaries and supplies), minor 

capital expenditures (e.g. maintenance and painting), and major capital expenditures (e.g. 

buildings and major renovations). 

                                                            
6 In this report, the quality of schools is measured based on “…curriculums offered [(i.e. academic, commercial, and 
vocational)], school facilities such as textbooks, laboratories, and libraries, such academic practices as testing for 
aptitude and achievement, and the personal, social, and academic characteristics of the teachers and the students 
bodies in the schools” (Coleman et al., 1966). 
7 For an example of these conflicting views see the exchange between Hanushek (1994) and Hedges et al. (1994). 
8 The idea here is to show that better funding for schools matter in the long-term even if the short-term analysis of its 
impact on test scores is inconclusive. 
9 for example, see Cellini et al. (2010), Hong and Zimmer (2016), Jackson et al. (2016), Martorell et al. (2016), and 
Hyman, (2017). 
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In a perfectly designed experimental study, one would randomly assign school districts to 

different expenditure levels in each category and then compare the resulting student outcomes. 

This is of course not feasible, but one can mimic such an experiment with a quasi-experimental 

approach that relies on marginally approved or rejected school funding referenda.10 For example 

and in the context of this paper, the Ohio laws require school districts to rely on local referenda 

to change the amount of revenue that they receive through local resources. The law also requires 

districts to specify the purpose of additional requested funding. The results of these referenda are 

not random - for instance, schools that badly need additional funding might be more likely to win 

a referendum for new funding. But by restricting attention to the referenda where the margin of 

victory is small, one gets results that are almost random – there is not that much difference 

between a district that wins a referendum by a few votes and one that loses a referendum by a 

few votes. This quasi-random assignment of funding to districts means that this paper can 

identify the causal effect of the additional funding (for different purposes) on the student 

outcomes. Similarly, this framework allows for the causal analysis of the channels (e.g. teachers’ 

salary and class size) through which additional funding for various purposes affects student 

outcomes.  

Since school funding may not affect student outcomes immediately, this paper looks at both 

short-term (1 year) and long-term (up to 5 years) effects.11 The main practical challenge of 

studying the long-term effect is that those school districts that marginally reject additional local 

school funding (i.e. the control group) may approve it in the next referendum. Such non-

compliance would lead to the attenuation bias, so that it would appear as if the extra funding has 

no effect on the educational outcome in the long-run. To account for the dynamic nature of 

school funding, I use a modified version of an estimation technique originally proposed by 

Cellini et al. (2010). The effect of approving additional funding for a school district in year t 

affects student outcomes in year t+τ directly and also indirectly through its effect on the 

probability of approving other funding proposals between these two points in time. These other 

proposals also have a direct and indirect effect on student outcomes in year t+τ, which we can 

estimate and account for. My modifications to the original dynamic regression discontinuity 

design proposed by Cellini et al. (2010) are to allow for the school funding to be more than just 

                                                            
10 Cellini et al. (2010) are the first to employ this approach in the context of school funding in California. 
11 For the case of major capital expenditures, this paper also looks at effects up to 10 years following the approval of 
a project by voters.   
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one type, and also to incorporate a difference-in-differences structure within it.12 The latter 

requires a significantly less restrictive identifying assumption since it only requires the treatment 

and control groups to have a parallel trend in the level of outcome variables, as opposed to 

requiring identical levels. The methodology section of this paper discusses this technique in 

greater detail. 

The main student outcome that I examine in this paper is the district-level math proficiency 

rate13 in school years 1996-97 through 2014-1514. These tests are administered to 9th graders 

prior to 2006 and 10th graders afterward.15 This paper also looks at four possible channels 

through which the additional school funding can affect the students’ attainment: class size 

(student to teacher ratio), student attendance rate, discipline (disciplinary actions per 100 

students), and average expenditure on instructional staff. Moreover, I compare the effect of extra 

funding on schools located in relatively poor neighborhoods versus the ones located in relatively 

rich ones. Throughout my analysis, I account for the variation in the amount of per-pupil funding 

that schools receive following a successful referendum (i.e. heterogeneous treatment assignment 

is accounted for). 

I find a positive and statistically significant effect for the additional operating expenditures 

in the short term, i.e. 0.033 standard deviations (0.27 percentage points) increase in math 

proficiency rate one year following the commencement of new funding, and no effect for 

additional minor or major capital expenditures. The latter is in line with the findings of Cellini et 

al. (2010) and Mortell et al. (2016), who do not find any significant effect of additional major 

capital expenditures on test scores in California and Texas public schools.16 Moreover, I find that 

the additional expenditure on instructional staff is the main driver of the effect of operating 

expenditures on students. This is contrary to the findings of Fryer (2013) and de Ree et al. 

                                                            
12 The original technique developed by Cellini et al. (2010) is essentially a simple difference between the outcomes 
of the treatment and control group post-treatment. In other words, they implicitly assume that the pre-treatment 
difference between the two groups is zero. 
13 The Ohio Department of Education categorizes students in five groups based on their test scores: “limited”, 
“basic”, “proficient”, “accelerated”, and “advanced”. Throughout this paper, the proficiency rate is calculated based 
on those students that score “proficient” or above in a test. The minimum percentage of correct answers necessary to 
be proficient in a subject varies slightly for different subjects and from one year to another, but it is generally about 
42 percent. 
14 The reason to choose this specific test score is that it is available for more years. 
15 This paper normalizes the math proficiency rates in each year to account for the changes in tests and the grades of 
students who took them. 
16 Some studies have found statistically significant effect of building schools on educational outcome in the U.S. 
(e.g. Hong and Zimmer, 2016) and in developing countries (e.g. Duflo, 2001). 



6 
 

(forthcoming) who do not find a causal relationship between financial incentives of teachers and 

student outcomes. I also find that additional funding for school districts, regardless of whether it 

is for operational, minor capital, or major capital expenditures, has a negligible effect on class 

size, attendance rate, and discipline of students. Finally, I find that additional funding has a 

significantly greater effect on school districts located in poorer neighborhoods, from four to nine 

times of the average effect depending on the year.17  

The contribution of this paper to the literature is threefold. First, to the best of my 

knowledge, this is the first paper that gives causal estimates of the effects of different 

expenditure types in the public school system. While I limit my analysis in this paper to three 

types of expenditures - operating, minor capital, and major capital expenditures – one can easily 

extend this framework to accommodate more granular breakdown of the types of school 

expenditures. Second, this paper examines various channels through which each type of funding 

could affect student test scores. Previous work either did not examine any channels or did so in a 

limited way18. Finally, this paper improves the dynamic regression discontinuity design proposed 

by Cellini et al. (2010) by incorporating a difference-in-differences structure (as opposed to the 

single-difference structure of the original model).   

The rest of this paper is organized as follows. Section II reviews the various aspects of 

public school funding in Ohio. Section III describes the empirical methodology of this study and 

provides a detailed description of the improved dynamic regression discontinuity design utilized 

in this paper. Section IV introduces the data sources along with descriptive statistics and the 

results of the parallel trend tests. Section V presents the results of the preferred model along with 

various robustness checks. Section VI concludes with suggestions for future research. 

 

 

  

                                                            
17 This finding is in line with that of Jackson et al. (2016) and Lafortune et al. (forthcoming), and contrary to that of 
Hyman, (2017). 
18 That is, the examined channels were limited to a very few ones, sometimes only one, such as the classroom 
quality, or the researchers examined various channels only in the context of major capital expenditures. 
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II. Public School Funding in Ohio 

In the 2015-16 school year, public schools in Ohio spent about $9,915 per pupil (ODE, 

2017). Between 1991 and 2013, Ohio has been ranked about 19th on average among 50 states 

and the District of Columbia in per pupil expenditures (NCES, 2017). About 10% of the total 

school expenditures in Ohio have been consistently spent on construction projects, school 

maintenance, and renovations, while around 45 percent are spent on the salary and benefits of the 

instructional staff (NCES, 2017).19 As Figure I shows, Ohio is very similar to the rest of the U.S. 

in terms of the share of expenditures on capital structures versus instructional staff.  

[Figure I about here] 

As of March 2017, Ohio has 612 traditional school districts that cover the whole state and 

are mainly funded through the local sources.20 As Figure II shows, about 50 percent of the total 

school budget in Ohio has been consistently financed by local sources, which makes this state a 

good representative of the Unites States as a whole (NCES, 2017). The remaining 50 percent is 

divided between resources provided through the state (40 percent) and the federal government 

(10 percent). The federal funding for schools in Ohio is similar to the rest of the country in that 

resources are allocated through nation-wide programs such as No Child Left Behind or the 

American with Disability Act.  

[Figure II about here] 

State funding for schools in Ohio has experienced various changes over the years and has 

been the subject of four state Supreme Court litigations.21 The main approach has been to fund 

schools based on a per-pupil formula that takes into account the ability22 of school districts to 

raise taxes (ODE, 2017).23 This is known as the “foundation” formula which determines how 

much funding a school district should receive through the State government to achieve the 

minimum per pupil funding that it should have (also determined by the State government). The 

                                                            
19 The rest of the 45% is divided between expenditures on non-instructional staff, supplies and supports, and “non-
specified” expenditures.  
20 We limit the domain of this study to these traditional school districts. As of March 2017, Ohio has 49 joint 
vocational school districts, and approximately 370 public community schools (i.e. charter schools) that are not 
included in this analysis. 
21 For a good review of the historical and recent approaches to school funding in Ohio, see Pittner et al. (2010) 
22 The ability reflects the value of properties in a school district, its median income, and the average federal adjusted 
gross income of its residents. 
23 The only exception to this main approach happened in fiscal years 2010 and 2011, in which an “Evidence Based 
Model” was used. This model identifies the needs of students in different groups in financial terms and then 
allocates money to schools based on the population of students in these groups. This model was abandoned 
following the election of a new Governor (i.e. John Kasich). 
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problem with this approach is that legislators use the available budget, not the actual needs of 

students which usually exceeds the available budget, to determine the minimum per pupil 

revenue that a school district should receive. Historically, this approach has resulted in the under-

provision of funding for low-income districts and the creation of one of the most unequal school 

funding systems in the U.S. by 1991 (Pittner et al. 2010). The four Ohio Supreme Court 

decisions24, which all found the school funding system to be unconstitutional, did not force a 

specific new system. As a result, the main problem with the system (i.e. its reliance on local 

funding) has remained unchanged. By 2009, Ohio is still ranked high (19th) in terms of 

inequality in its public-school funding (Pittner et al. 2010). However, these litigations have had 

some positive impacts, such as the creation of the Ohio School Facilities Commission (in 1997). 

As part of its programs, the Commission provides matching funds25 for districts to build new 

schools (OFCC, 2017).26  

Local funding for school districts in Ohio is provided through property and income taxes. In 

2017, 190 school districts in Ohio use income taxes (0.25 percent to 2 percent) in addition to the 

property taxes to support their mission (ODT, 2017). School districts can also issue bonds in 

order to finance major capital investments and (additional) property taxes are used to pay back 

the borrowed money and interest. Ohio laws require any income tax in excess of 1 percent 

municipal tax and any property tax that exceeds an aggregate 10 mills per dollar valuation27 of a 

property to be subjected to the decision of voters, and a single majority vote is sufficient to pass 

a new tax (OSOS, 2017). The school districts are required to identify the “purpose” of a tax, 

which allows this study to determine whether the purpose of a tax is to fund a type of 

“operational expenditure” versus “minor capital expenditure”. Bonds are always classified as a 

“major capital expenditure”. The following are examples for a property tax levy (hereafter levy), 

a bond, and an income tax proposal: 

                                                            
24 The cases are known as DeRolph (I through IV) vs. State, and were litigated between 1997 and 2002 by the 
supreme court of Ohio. The first case was filed in a lower court in 1991.  
25 As of February 2017, depending on the wealth of a district, the share of state in these projects ranges from 12% to 
98% in various projects. There is also one project that is funded 100% by the state. School districts are ranked based 
on their need and they have 13 months from the time that their project is approved to raise their local share (through 
bond referendums). If a school district fails to raise its local share within this time limit, it is considered a “lapsed” 
district but it can still receive the funding at a later time if it gets the necessary vote to raise the local share of the 
necessary funding for its project (OFCC, 2017). 
26 The age and condition of schools in relatively poor districts were among main motivations for these school 
districts to sue the State in the first place. 
27 Practically, all new property taxes that have passed in the past two decades are in addition to this 10 mills 
threshold.  
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Proposed Tax Levy  

Urbana City School District 
A renewal of a tax for the benefit of the Urbana City School District for the purpose 
of current operating expenses at a rate not exceeding 14.8 mills for each one dollar 
of valuation, which amounts to $1.48 for each one hundred dollars of valuation, for 
a continuing period of time, commencing in 2016, first due in calendar year 2017. 

Proposed Bond Issue  

Urbana City School District 
Shall bonds be issued by the Board of Education of the Urbana City School District 
for the purpose of paying a portion of the local share of school construction under 
the State of Ohio Classroom Facilities Assistance Program and other improvements, 
including construction of a new high school and K-8 building, handicap accessibility 
and security measures, equipment, furnishings, and site improvements, together with 
all necessary appurtenances thereto, in the principal amount of $31,355,000 to be 
repaid annually over a maximum period of 28 years, and an annual levy of property 
taxes be made outside the ten-mill limitation, estimated by the county auditor to 
average over the repayment period of the bond issue 7.15 mills for each one dollar 
of tax valuation, which amounts to $0.715 for each one hundred dollars of tax 
valuation, commencing in 2014, first due in calendar year 2015, to pay the annual 
debt charges on the bonds, and to pay debt charges on any notes issued in 
anticipation of those bonds? 

Proposed Income Tax  

Northeastern Local School District.  
Shall an annual income tax of 1 percent on the earned income of individuals residing 
in the school district be imposed by the Northeastern Local School District, for a 
continuing period of time, beginning January 1, 2014, for the purpose of current 
expenses? 

 
What makes Ohio special compared to other states is a 1976 legislation known as House Bill 

(HB) 920. According to HB 920, any property tax approved by voters is frozen based on the 

valuation of a property in the year of referendum, and therefore, the dollar value that is received 

by a school district remains constant for the duration of the approved levy. As a result, HB 920 

has forced district boards of education in Ohio to use new referenda regularly (and also to rely on 

income tax) to keep up with the financial needs of their districts. Panels A, B, and C of Table I 

provide a descriptive statistic of all school district referenda in Ohio from 1996 to 2015 for 

bonds, levies, and income tax referenda respectively.  

[Table I about here] 

Panel A of Table I provides the summary statistics of bond referenda for school districts in 

Ohio between 1996 and 2015. The total number of referenda in one year varies between 24 and 
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138 and the average size of these bonds28 varies between $6,918 and $14,695 (constant-2015 

dollars) per pupil. The average length of these bonds exceeds 24 years and the approval rate is 

variable in different years from as low as 26 percent to as high as 67 percent. Panel B of Table I 

presents the summary statistics for school district related levies that were voted on between 1996 

and 2015. In comparison to the other two types of referenda (i.e. bond and income tax) the 

number of levies on the ballot is almost three times more than the other two. The total number of 

levies in one year reaches its highest level in 2004 with 479 issues on the ballot. The share of 

levies related to a minor capital expenditure varies between 22 percent and 46 percent in 

different years. The average size of levies29 ranges between $593 and $861 per pupil per year in 

various years. The average length of a levy that is not for the continuing period of time (CPT) is 

about 5 to 8 years. The percentage of levies that are for CPT is between 14 percent and 30 

percent over this time period. The approval rate of levies is more than bonds, and with the 

exception of one year, never drops below 55 percent.  

Finally, Panel C of Table I provides the summary statistics of income tax referenda to fund 

school districts in Ohio between 1996 and 2014.30 The number of income tax referenda in a year 

is generally the lowest of the three types, but increases over time and exceeds the number of 

bonds in some recent years. The average size of income tax proposals31 is similar to that of tax 

levies but slightly higher and varies between $805 and $1,317 per pupil per year in various years. 

A big distinction between income tax and levy proposals is that a much lower percentage of the 

former is for minor capital expenditures only. In fact, there are years with zero income tax 

proposals to increase minor capital expenditures. With the exception of 2014, the average share 

of proposals to increase capital expenditures through an additional income tax is less than 14 

percent of all income tax referenda in a year. The length of non-CPT income tax proposals and 

the percentage of the CPT tax proposals are very similar to that of levies discussed above. 

                                                            
28 I use the dollar value a bond mentioned on the ballot to calculate any dollar values associated with a bond. 
29 The size of a levy is calculated based on the millage rate of the issue on the ballot and the total taxable value of 
the properties in a school district. 
30 The income tax referenda for school year 2015-16 are not presented in the table due to the fact that necessary 
information to calculate the size and per pupil size of the tax issues on the ballot has not been released by the ODT 
as of March 2017. 
31 To calculate the dollar value of an income tax proposal, I use the rate specified in the issue on the ballot and the 
total “federal adjusted gross income” of individuals living in a school district. The Ohio taxable income (which is 
not available at the district level for some years in the data) is about 95% of the “federal adjusted gross income”, so I 
multiply the values by 0.95 to impute the size of the income tax proposals.  
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Finally, the approval rate of income tax proposals is generally between bonds and levies and 

varies between 26 percent and 64 percent. 

III. Empirical Methodology 

School funding that is provided through local referenda has a unique dynamic. Although one 

can rely on referenda that are marginally approved or rejected (i.e. a sharp regression 

discontinuity) as a way to create a quasi-randomized assignment of funding to school districts, 

those school districts that fail to receive funding may ask for it again in the next period and 

receive it. As a result, there is a non-compliance issue that is quite different from a usual fuzzy 

regression discontinuity and cannot be addressed by the techniques devolved for this type of 

regression discontinuity.32 

Without accounting for the dynamic nature of the school funding through referenda, one can 

estimate the intent-to-treat (ITT) effect by simply comparing the educational outcome of school 

districts that receive extra funding in referenda with small vote margins (i.e. the treatment group) 

to school districts that fail to receive additional funding in similar other close referenda (i.e. the 

control group). Unfortunately, the ITT estimates are biased toward zero due to the non-

compliance problem mentioned above. The main goal of this section is to show how one can go 

from the easily estimated ITT effects to more interesting but complex treatment-on-the-treated 

(TOT) effects. The latter is the effect of school funding on the student outcome in the absence of 

the non-compliance issue. In other words, the TOT effect shows how much extra funding affects 

various educational outcomes if one can randomly assign school districts to the treatment and 

control group and prevent the schools in each group from leaving their designated group.  

In order to evaluate the TOT effect of school funding on student outcome, this paper utilizes 

two estimation techniques. The first and main estimation technique of this paper is an extension 

of the dynamic regression discontinuity design, proposed by Cellini et al. (2010). In this paper 

their model is improved to not only account for different types of school funding, but also to 

have a difference-in-differences (DID) structure. The new model relies on significantly fewer 

assumptions compared to the original one.33 To use the terminology developed by Cellini et al. 

                                                            
32 The type of non-compliance that the usual fuzzy regression discontinuity models address is the one that happens 
at the time of treatment assignment. The non-compliance in the case of school funding mainly happens in the years 
following the year of treatment assignment.  
33 The identification in a difference-in-differences structure relies on the assumption that the treatment and control 
groups would have had the same trends in the outcome of interest if the treatment group had not received the 
treatment. The simple-difference model of the type suggested by Cellini et al. (2010) requires not only the trends but 
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(2010), and also to distinguish my estimator from theirs, I call mine the “DID-Recursive” 

estimator (the original estimator is known as the “Recursive” estimator). I formally introduce this 

estimator later in sub section III.B. but the general idea is explained in an example below. 

Assume there are two groups of school districts that are otherwise equivalent. One group 

(i.e. the treatment group) receives an extra funding in year zero, while the other group (i.e. the 

control group) receives the same funding with a one-year delay (see Panel A of Figure III). 

Assume there is no other funding available in the following years. If the effect of funding on 

educational outcome only depends on the number of years that has passed since the treatment 

(and not the calendar year that the treatment takes place)34, the control group follows the “same 

path” as the treatment group as shown in Panel A of Figure III. In all years following the initial 

treatment, the usual models can only detect the difference between the treatment and control 

group at the end of that year (i.e. the ITT effects). However, one can construct the TOT effect for 

a given year by adding up the ITT effects between year zero and the year of interest. Figure III 

shows, for example, how TOT5 (i.e. TOT effect at the end of the fifth year) is constructed from 

ITT effects in that year and all previous years.35 Since in practice there is no guarantee that the 

treatment and control group share an identical pre-treatment level of the outcome variable, Panel 

B of Figure III shows how the addition of a DID structure allows for the proper identification of 

the TOT effect.36 

[Figure III about here] 

In our simple example, we have zero compliance in the control group and throughout this 

six-year period, and none of the two groups receive any additional funding beyond the one time 

that they receive it in year zero or one. In practice, we will account for all deviations from this 

simple example (the mathematical discussion is presented in sub section III.B). Conceptually, 

however, the more complicated TOT estimator is nothing more than a weighted sum of these ITT 

                                                                                                                                                                                                
also the levels of the outcome of interest for the treatment and control groups to be the same in the absence of the 
treatment assignment. 
34 This is the core assumption of this estimation technique. It is a reasonable assumption in the context of school 
funding since there is no reason to believe that, everything else being equal, more funding in one year has a different 
effect comparing to other years that is not captured in the calendar year and relative year fixed effects which are 
included in the preferred model. 
35 To construct the standard error for this TOT estimator, one can rely on the delta method. 
36 Note that asymptotically, there is no need for this DID stricture since the pre-treatment levels would be the same if 
the sample size approaches the infinity. 
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effects with weights being the probability of receiving treatment in any year following the initial 

assignment of the school districts to treatment and control groups.  

The second one is a slightly modified version of the “One-Step” estimator suggested by 

Cellini et al. (2010). This is simply a regression of the educational outcome on the history of 

school funding referenda. As it is discussed later, this estimator is biased, but other authors have 

mainly relied on it because of its simplicity (see for example Martorell et al., 2016). Because of 

that, this paper reports the results for this estimator to provide a basis to compare its findings to 

that of others. It is worth noting that the model is improved to account for the fact that schools 

may receive different types of funding as opposed to the binary case of bond referenda to build 

new school facilities that is being commonly studied by other authors (for example see Cellini et 

al. (2010), Hong, and Zimmer (2016), and Martorell et al. (2016)). I formally introduce this 

estimator in sub section III.C. 

For now, we limit the types of school funding to three types of operational expenditures (O), 

major construction projects (C), and smaller capital improvements and maintenance (S) to match 

our data on school funding referenda and also to simplify the explanation of the estimators and 

the mathematical equations. This methodology, however, can be easily extended to include a 

more detailed break-down of the types of funding that a school receives. The remainder of this 

section is organized as follows: Subsection III.A introduces the basic models that are the 

building blocks of the more complicated estimators used in this paper. Subsections III.B and 

III.C provide a detail description of the DID-Recursive and One-Step estimators respectively 

which are the two TOT estimators of this paper. Finally, subsection III.D explains how the 

models can be modified to account for the heterogeneity of treatment assignment. Throughout 

this section, the paper generally adopts the mathematical notation developed by Cellini et al. 

(2010), but whenever necessary, modifications and new notations are introduced.  

III.A. Basic Model 

The following equation shows a simple model that relates the outcome of interest to 

different types of potential treatments:  

 𝑌 , 𝑘 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑢 ,    ∀𝜏 0 (1) 

where 𝑌 ,  is an output of interest in school district j, 𝜏 years after the time of treatment 

assignment (i.e. t), 𝑘  is a constant term representing the average value of the outcome of interest 
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in the schools that receive no funding, 𝜏 years after the time of treatment assignment (i.e. t), and 

𝑢 ,  is the error term.37 𝑂 ,  , 𝐶 , , and 𝑆 ,  are three indicator variables associated with the type 

of additional expenditures authorized by the voters at time t for school district j and they are 

defined as follows:38 

𝑂 , 1 𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑗 𝑎𝑝𝑝𝑟𝑜𝑣𝑒𝑠 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 ≅ 1 𝑣 , 𝑣∗  

𝐶 , 1 𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑗 𝑎𝑝𝑝𝑟𝑜𝑣𝑒𝑠 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑚𝑎𝑗𝑜𝑟 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 ≅ 1 𝑣 , 𝑣∗  (2) 

𝑆 , 1 𝐷𝑖𝑠𝑡𝑟𝑖𝑐𝑡 𝑗 𝑎𝑝𝑝𝑟𝑜𝑣𝑒𝑠 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑚𝑖𝑛𝑜𝑟 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 ≅ 1 𝑣 , 𝑣∗  

where 𝑣 , , 𝑣 , , and 𝑣 ,  are the vote share in favor of approving additional operational 

expenditures, additional major, and minor capital expenditures, respectively. 𝑣∗ is the required 

threshold vote share in favor of a type of expenditure to be considered passed.39 In Ohio, this 

threshold is 50 percent and any funding proposal that receives 50 percent plus one vote in favor 

of it is considered approved by the voters. In this framework, if the assignment of funding was 

random, 𝛼 , 𝛽 , and 𝛾  would be the causal effects of interest that show how much additional 

funding in various types of expenditures affects the outcome of interest 𝜏 years after the time of 

treatment assignment. 

If the assignment of a school district to a treatment group was completely random, a simple 

OLS regression would be enough to reveal the causal effect of a specific type of funding on the 

outcome of interest. However, it is possible that other determinants of an educational outcome in 

a school district (which are all grouped in the error term in equation 1) are correlated with the 

vote shares (i.e. 𝑣 , , 𝑣 , , and 𝑣 , ), and therefore correlated with the three indicator variables for 

                                                            
37 The preferred model includes some additional control variables: A control variable for the amount of state funding 
allocated to the major capital projects in a school district and three indicator variables to identify the type of the 
proposed tax, i.e. whether it is a new tax, renewal/replacement of an existing one, or removal/reduction of an 
existing one. 
38 The use of “approximately equal” sign is to account for some practical aspects of the data. For example, assume a 
school district has two measures on the ballot in one period to increase its operational expenditures. Assume one of 
them is approved with 100 to 99 votes while the other one is rejected by 101 to 98 votes. Since one of the measures 
is approved, the value of 𝑂 ,  is one, but the vote share, which we use the average values of votes for and against the 
measures, is less than 0.5 (i.e. 198/398). 
39Any school district that fails to approve all types of additional expenditures would be considered as part of the 
control group. Moreover, the treatment groups are only realized after approval vote share exceeds the threshold. For 
example, a school district that has asked for all types of expenditures but only received approval for additional 
operational expenditures would be categorized as part of the treatment group that only receives operational 
expenditures (i.e. the values of the indicator variables for this school district would be 𝑂 , 1 , 𝐶 , 0, and 𝑆 ,

0). 



15 
 

the type of funding that a school district receives (i.e. 𝑂 ,  , 𝐶 , , and 𝑆 , ). For example, residents 

of wealthy districts may spend more time and energy on the education of their children and may 

also be more willing to pay higher taxes to fund their schools. Therefore, a simple regression 

would reveal a spurious positive correlation between school funding and educational attainment, 

while both variables are driven by an underlying third variable, the wealth of parents. Using a 

simple regression in the absence of the random assignment of school funding creates biased 

results for the three parameters of interest (i.e. 𝛼 , 𝛽 , and 𝛾 ).  

However, this is not a problematic issue if there is some exogenous variation in the vote 

shares (Cellini et al. 2010). For referenda that are close to the threshold vote share, one can argue 

that it is almost as good as a random assignment for a school district to end up on one side (and 

receive additional funding) or the other side (and not receive any funding). Following Cellini et 

al. (2010), we use a regression discontinuity technique that retains all of the referenda but also 

accounts for the variation that comes from the referenda not close to the threshold vote share by 

adding a polynomial of order 𝑔40 in vote shares, i.e. 𝑃 , 𝑣 , , 𝑣 , . Theoretically, we know that: 

 𝐸 𝑢 , 𝑣 , , 𝑣 , , 𝑣 , lim
→

𝑃 , 𝑣 , , 𝑣 , , 𝑣 ,  (3) 

So, if one defines a new error term as follows, by definition it would be independent of 𝑣 , , 𝑣 , , 

and 𝑣 ,  (and therefore 𝑂 ,  , 𝐶 , , and 𝑆 , ): 

 𝜀 , 𝑢 , 𝐸 𝑢 , 𝑣 , , 𝑣 , , 𝑣 , 𝑢 , lim
→

𝑃 , 𝑣 , , 𝑣 , , 𝑣 ,  (4) 

This means we can rewrite equation (1) as follows, and the new error term would not be 

correlated with the three variables of interest: 

 𝑌 , 𝑘 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 𝜀 ,    ∀𝜏 0 (5) 

Equation (5) assumes that the school districts in the treatment and control groups have similar 

levels and trends of the outcome variable in the absence of the treatment assignment. This is a 

big assumption and one can significantly relax it by modifying this equation to have a difference-

in-differences (DID) structure. To do so, let us assume there is a pre-treatment period in which: 

 𝑌 , 𝑘 𝑇𝑟𝑒𝑎𝑡𝑚𝑛𝑒𝑡 𝜀 ,  (6) 

                                                            
40 The preferred model of this paper uses a polynomial of order three.  
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where Treatment is a (J3) vector of indicator variables to identify the school districts that 

belong to the treatment group O, C, or S (but have not been treated yet). Combining the data 

from the pre-treatment period with any of the post-treatment data provides us with a DID 

structure as shown in the following equation: 

𝑌 , 𝑘 𝐴𝑓𝑡𝑒𝑟 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 𝜀 ,     
 ∀𝜏 0 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝜏 1 (7) 

The new variable is After which is an indicator variable for the observations that belong to the 

post-treatment-assignment period. The values of 𝑂 ,  , 𝐶 , , and 𝑆 ,  (as well as 𝑣 , , 𝑣 , , and 𝑣 , ) 

are set to zero for the observations in the pre-treatment period, and as a result, 𝛼 , 𝛽 , and 𝛾  

have a difference-in-differences interpretation.41 Through this simple modification, equation (7) 

no longer relies on the assumption that the levels of the outcome variable of interest are similar 

across the treatment and control group, and only assumes that the trends are the same.  

 

III.B. DID-Recursive Estimator 

An unbiased approach to estimating the TOT effects is to base them on the ITT effects. In 

this sub-section, I first show how the ITT values are estimated, and then explain how they are 

used to construct the TOT estimators. 

We can write the ITT effect of approving a measure to increase the funding of a school 

district on the student outcomes 𝜏 years later as follows: 

 𝑌 , 𝑘 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 𝜀 ,     ∀𝜏 0 (8) 

𝛼 , 𝛽 , and 𝛾  are ITT estimators since we neither force the control group to not receive any 

type of funding in years between 𝑡 and 𝑡 𝜏, nor do we keep the treated group from passing 

other measures to alter its funding. Note that equation (8) is exactly the same as equation (5), and 

by slightly modifying the notation, we are more specific about the interpretation of the parameter 

estimates. Therefore, we can modify it the same way we did before for equation (5) so that it has 

a DID structure: 

𝑌 , 𝑘 𝐴𝑓𝑡𝑒𝑟 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 𝜀 ,      
 ∀𝜏 0 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑤𝑖𝑡ℎ 𝜏 1  (9) 

                                                            
41 Note that 𝑂 ,  , 𝐶 , , and 𝑆 ,  are the same as TreatmentAfter that is used in the DID literature. 
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Note that equation (9) is also the same as equation (7).42  

While 𝛼 , 𝛽 , and 𝛾  are unbiased in estimating the ITT effect of additional school 

funding on the student outcome, they are not estimated efficiently in the above equation. The 

error term, 𝜀 , , includes unobserved covariates that are variable at the district-referendum 

level, but constant over time. If one pools the data used to estimate different values of 𝜏 in 

equation (9) to estimate all of them together, various fixed effects can be added to the model to 

increase precision. The new model for this pooled data is as follows: 

𝑌 , , 𝑘 ∑ ∑ 𝐴𝑓𝑡𝑒𝑟 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 ,

𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 1 𝜏 𝑥 ∑ 1 𝜏 𝑥 𝑅 , 𝑇 𝜀 , ,   (10) 

where 1 𝜏 𝑥  is an indicator variable identifying the data related to individual DID models 

that were estimated separately in equation (9) for each 𝜏, 𝑅 ,  is district-referendum fixed effects, 

and 𝑇  is the calendar year fixed effects.43 It is important to note that pooling the data in the way 

demonstrated in equation (10), without adding any new variables, has no effect on the parameter 

estimates mathematically. In other words, if one does not add the fixed effects to equation (10), 

the coefficients are identical to those estimated using equation (9) separately for each 𝜏 0. 

Therefore, the fact that observations for 𝜏 1 are repeated multiple times in the pooled data 

has no effect on the parameter estimates.44  

Now that it is clear how ITT effects are estimated (without bias), I move on to show how 

this paper calculates the TOT effects. Mathematically, one can view the ITT parameters as the 

result of taking the total derivative of 𝑌 ,   with respect to 𝑂 ,  (i.e. 𝛼 ,

,
), 𝐶 ,  (i.e. 

𝛽 ,

,
), or 𝑆 ,  (i.e. 𝛾 ,

,
). Intuitively, this means that the ITT effect works 

through an additional operational (or capital) expenditures approved in year t for the treatment 

group, and also through all future behaviors of treatment and control groups in approving or 

rejecting other measures to fund their school districts.  

                                                            
42 Similar to equation (7), values of 𝑂 ,  , 𝐶 , , and 𝑆 ,  (as well as 𝑣 , , 𝑣 , , and 𝑣 , ) are set to zero for the 
observations in the pre-treatment period, and as a result, 𝛼 , 𝛽 , and 𝛾  have a DID interpretation. 
43 To be precise, given the DID structure of the models, it is not necessary to pool the data in order to include these 
fixed effects. However, pooling the data prevents the loss of power significantly. Also note that 𝑎𝑓𝑡𝑒𝑟 1 𝜏 𝑥  
combinations are effectively the “relative year (𝜏)” fixed effects.  
44 The effect on standard errors is negligible. 
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This total derivative can be decomposed45 into a series of partial derivatives as shown in the 

following equation: 

𝛼 ,

,

,

,
∗ ,

,
∑ ,

,
∗ ,

,

,

,
∗ ,

,

,

,
∗ ,

,
  

𝛽 ,

,

,

,
∗ ,

,
∑ ,

,
∗ ,

,

,

,
∗ ,

,

,

,
∗ ,

,
 (11) 

𝛾 ,

,

,

,
∗ ,

,
∑ ,

,
∗ ,

,

,

,
∗ ,

,

,

,
∗ ,

,
  

The right-hand side variables demonstrate channels through which approving additional 

operational (capital) expenditures in year 𝑡 affects the outcome of interest in year 𝑡 𝜏 directly, 

as well as indirectly through affecting the probability of approving future referenda for different 

types of funding and their effects on the outcome of interest in year 𝑡 𝜏.46 Since 𝑂 ,  , 𝐶 , , and 

𝑆 ,  are assigned in a fashion that mimics a random assignment (by focusing on the marginally 

passed or failed referenda), any future behavior of treatment and control groups in approving 

funds is a causal effect of the assignment that they receive in year 𝑡. Note that partial derivatives 

(as opposed to total derivatives) have a TOT interpretation so that the above equations could be 

simplified as follows: 

 𝛼 𝛼 ∑ 𝛼 ∗ 𝜋 𝛽 ∗ 𝜋 𝛾 ∗ 𝜋   

 𝛽 𝛽 ∑ 𝛼 ∗ 𝜑 𝛽 ∗ 𝜑 𝛾 ∗ 𝜑   (12) 

 𝛾 𝛾 ∑ 𝛼 ∗ 𝜔 𝛽 ∗ 𝜔 𝛾 ∗ 𝜔   

where 𝜋 ,

,
, 𝜋 ,

,
, and 𝜋 ,

,
, represent the (intent-to-treat) effects of 

approving a measure to only increase operational expenditures in year t on the approval of 

additional operational, major capital, and minor capital expenditures in year 𝑡 ℎ, respectively. 

𝜑 ,

,
, 𝜑 ,

,
, and 𝜑 ,

,
 as well as 𝜔 ,

,
, 𝜔 ,

,
, and 𝜔

                                                            
45 Recall the law of total derivative: if 𝑍 𝑓 𝐾, 𝐿  then 
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46 The following total derivatives are assumed to be zero: ,
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,
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,
, ,

,
 , and ,

,
. This is because the 

value of 𝑂 ,  , 𝐶 , , and 𝑆 ,  are determined together and we assume that in a close referendum in which people could 
vote for multiple types of expenditures, the passage of one of the measures cannot affect the passage of the other 
ones. This is a reasonable assumption since in a close referendum people are not aware of the outcome before the 
votes are counted. 
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,

,
 have a very similar definition to 𝜋 , 𝜋 , and 𝜋  and the only difference is that the effects 

on the future referenda are measured with respect to the passage of a measure to increase the 

capital expenditures today. These values can be estimated using equation (10) and an appropriate 

left-hand side variable.47  

Based on equation (12) we can find the value of the TOT estimators. First, one should note 

that when 𝜏 0, the ITT and TOT effects are the same since the control and treatment group do 

not have the time to change their treatment assignments.48 Therefore: 

 𝛼 𝛼 ,    𝛽 𝛽 ,    𝛾 𝛾  (13) 

for 𝜏 1 we have: 

𝛼 𝛼 𝛼 ∗ 𝜋 𝛽 ∗ 𝜋 𝛾 ∗ 𝜋  

 𝛽 𝛽 𝛼 ∗ 𝜑 𝛽 ∗ 𝜑 𝛾 ∗ 𝜑  (14) 

𝛾 𝛾 𝛼 ∗ 𝜔 𝛽 ∗ 𝜔 𝛾 ∗ 𝜔  

Substituting the values from equation (13) in (14) and rearranging the equations gives us: 

𝛼 𝛼 𝛼 ∗ 𝜋 𝛽 ∗ 𝜋 𝛾 ∗ 𝜋  

 𝛽 𝛽 𝛼 ∗ 𝜑 𝛽 ∗ 𝜑 𝛾 ∗ 𝜑  (15) 

𝛾 𝛾 𝛼 ∗ 𝜔 𝛽 ∗ 𝜔 𝛾 ∗ 𝜔  

All of the right-hand side variables are ITT parameters that can be estimated using models of the 

form shown in equation (10).  

Since we have shown how 𝛼 , 𝛽 , and 𝛾  (TOT estimators of order 𝜏 1  are a 

function of ITT estimators of order 𝜏 1, we can extend this recursive technique to TOT 

estimators of order 𝜏 1. For example, for 𝜏 2 we can use equation (12) and rearrange it as 

follows: 

                                                            
47 In practice, the value of 𝑂 ,  , 𝐶 , , and 𝑆 ,   are determined based on the first time that a measure appears on the 
ballot for school district j to add additional funding for year t. This is to have a more conservative parameter 
estimate in case a school district tries to change its initial assignment to the control group (or the type of treatment) 
in follow up referenda for that specific year. However, the value of 𝑂 , , 𝐶 , , and 𝑆 , , which appear as the 
left-hand side variables, are determined based on the actual treatment assignment of a school district in year t+h.  
48 The existence of multiple referenda in one year, as well as the possibility to vote for future funding well-in-
advance, allows for ITT and TOT at time zero to be unequal. This issue happens to about 15% of the school district-
year combinations in our data base. For now, we ignore this issue and as a result our parameter estimates are lower 
bounds of the actual effect. 
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𝛼 𝛼 𝛼 ∗ 𝜋 𝛽 ∗ 𝜋 𝛾 ∗ 𝜋  

 𝛽 𝛽 ∑ 𝛼 ∗ 𝜑 𝛽 ∗ 𝜑 𝛾 ∗ 𝜑  (16) 

𝛾 𝛾 𝛼 ∗ 𝜔 𝛽 ∗ 𝜔 𝛾 ∗ 𝜔  

It is worth noting that all TOT parameters inside the summation are calculated in the previous 

steps for 𝜏 0 and 𝜏 1. Generalizing the above equations, we have the following: 

𝛼 𝛼 𝛼 ∗ 𝜋 𝛽 ∗ 𝜋 𝛾 ∗ 𝜋  

 𝛽 𝛽 ∑ 𝛼 ∗ 𝜑 𝛽 ∗ 𝜑 𝛾 ∗ 𝜑  (17) 

𝛾 𝛾 𝛼 ∗ 𝜔 𝛽 ∗ 𝜔 𝛾 ∗ 𝜔  

These equations show how the TOT estimators are calculated, but one needs to estimate the 

standard errors for these parameters as well. This requires the application of the delta method. In 

order to use the delta method, the cross-model covariance matrix of coefficients in each model is 

required. This is an empirically easy task if instead of using four models of the form shown in 

equation (10) to estimate {𝛼 , 𝛽 , 𝛾 }, {𝜋 , 𝜋 , 𝜋 , {𝜑 , 𝜑 , 𝜑 , and {𝜔 , 𝜔 , 𝜔  

separately, one pools the data and estimates them all in one model. To pool four models of the 

type shown in equation (10), one needs to define a set of indicator variables for data related to 

each model and interact them with all variables (including all fixed effects).49 Similar to the 

previous case of pooling data, this type of pooling does not affect the parameter estimates in any 

way, but provides the variance-covariance matrix of all coefficients, which is a necessary input 

for the delta method. The estimated pooled model is the following: 

 𝑌 , , , 𝑘 ∑ 1 𝑉 𝜗∈ ∑ 1 𝑉 𝜗 𝐸𝑄. 23∈ 𝜀 , , ,  (18) 

                                                            
49 These indicators should be included in the model as separate dummy variables. This is necessary to estimate the 
constant term of each model properly. 
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where 𝑌 , , ,  is the outcome of interest of type V for school district j in year t, which is 

measured 𝜏 years after the treatment assignment. There are four types for V: a student outcome 

(or other variables of interest), and three outcomes related to the approval or denial of additional 

operating, major capital, and minor capital expenditures (an indicator variable or a per pupil 

dollar value). 1 𝑉 𝜗  is an indicator variable that takes the value “one” if the left-hand side 

variable is a type 𝜗 outcome. 𝐸𝑄. 23  is the right-hand side of equation (10) when the left-hand 

side variable is an outcome of type 𝜗. Finally, 𝜀 , , ,  is the error term. 

III.C. One-Step Estimator 

An alternative but potentially biased method of estimating the TOT effects is to regress the 

outcome of interest on the history of referenda in school districts. Equation (19) shows this 

model:50  

𝑌 , 𝑘 ∑ 𝛼 𝑂 , 𝛽 𝐶 , 𝛾 𝑆 , 𝑃 , 𝑣 , , 𝑣 , , 𝑣 , 𝜃 𝑚 ,

𝜃 𝑚 , 𝜃 𝑚 , 𝐷 𝑇 𝜀 ,  (19) 

The new variables 𝑚 ,  , 𝑚 ,  ,and 𝑚 ,  are indicators for the presence of referenda in 

school district j in year 𝑡 𝜏 to provide additional funding for operational, major capital, and 

minor capital expenditures, respectively. 𝜏̅ is the number of past periods that are included in the 

history of referenda for a school district.51 𝐷  and 𝑇  are district and calendar year fixed effects 

(respectively) that account for time-invariant factors in a school district, as well as district-

invariant factors in a specific year. Note that the model allows the coefficients of the polynomial 

to change with the relative year (i.e. 𝜏). The above equation is based on the assumption that the 

effect of passing a measure on the outcome of interest only depends on the time that has elapsed 

since a referendum (i.e. 𝜏) and not the specific calendar year that the measure was on the ballot 

(i.e. t).52  

If one uses a simple OLS to estimate the above model, the estimated values for variables of 

interest (i.e. 𝛼  and 𝛽 ) have a treatment-on-the-treated (TOT) interpretation. This is due to the 

                                                            
50 For simplicity, I modify the subscript related to the time so that it is centered around the time that the outcome of 
interest is observed (i.e. year t).  
51 In practice, one should use a large enough number that the inclusion of one more year in the past does not affect 
the parameter estimates for the more recent years. Specifically, I use eleven years history of school funding 
referenda for any given year. These eleven years include the year that the outcome of interest is measured (i.e. year 
“zero”). 
52 This is a standard assumption in this literature. See Cellini et al. (2010) and Martorell et al. (2016) for two recent 
examples. 
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fact that OLS holds the rest of the history of referenda in a school district constant. However, this 

one-step estimator is biased (Cellini et al., 2010). While the error term in the above equation is 

not correlated with the variables (given the existence of a polynomial in vote shares), the 

variables may affect each other. For example, passing a referendum in year t-1 may affect the 

probability of passing another one in year t. This is essentially the problem of over-controlling 

(i.e. “bad control variables”) discussed by Angrist and Pischke (2008, pp. 64-68). As they show 

in great detail, the inclusion of any control variable (e.g. a referendum in year  𝑡 𝜏 1) that 

itself is an outcome of the variable of interest (e.g. a referendum in year 𝑡 𝜏) biases the 

estimation of the coefficient of interest (e.g. 𝛼 ). One should also note that this model does not 

allow for a DID structure to be built into it, so this model relies on more restrictive assumptions 

of typical one-difference models.  

III.D. Heterogenous Treatment Assignment 

Up to this point, the treatment groups have been defined using an indicator variable for 

receiving additional operational and/or capital expenditures. This simplification helped to 

explain the above-mentioned estimators. In practice, the amount of money received by each 

school district is not the same as others. One can account for this heterogeneous treatment 

assignment by substituting the indicator variables for the passage of an issue on the ballot (i.e. 

𝑂 , , 𝐶 , , and 𝑆 , ) with the actual per pupil dollar value of the additional funding that a school 

district receives. The preferred model of this paper uses per pupil expenditure in thousands of 

2015 dollars for the treatment variables (i.e. 𝑂 , , 𝐶 , , and 𝑆 , ). 

An additional level of addressing the heterogeneity in treatment assignment is to use a more 

detailed classification of school funding instead of the three general categories (i.e. operational, 

minor capital, and major capital expenditures) used here. The main limitation here is the extent 

to which the referenda in a state have a specific language that is helpful for this purpose. In Ohio, 

one can clearly identify the three types of school funding referenda mentioned above.  

IV. Data 

This study uses various data sources. The first and the most important one is the referendum 

reports from the Ohio Secretary of State Office (OSOS).53 Ohio holds state-wide referenda 

                                                            
53 The data necessary for this study had to be extracted from these reports. Adam Isen generously shared part of the 
data base that he prepared for his paper and, therefore, reduced the amount of data entry for this paper. For more 
information about his work please see Isen (2014). 
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multiple times a year. The main ones take place on May and November of each year with some 

special elections on February, March, and August. The referendum reports provide the list of 

issues on the ballot and the number of votes for and against it. Moreover, these reports provide a 

brief description of each issue with all necessary information to identify the purpose of the 

requested funding for a school district (i.e. operational versus capital expenditures), the dollar 

value of the requested funding, and the period of the time that the new tax will be in place.54 

Section II of this paper provides year-by-year descriptive statistics of these funding proposals. 

Here I present an aggregated description of the referendum data that is used in this paper.55 Note 

that for every district-year combination, I only use the first time that a district requests extra 

funding in the form of additional taxes to commence in that year (if any) to identify the type of 

treatment assignment that it receives. For example, if a school district asks to levy a tax for a 

period of 5 years to begin in year 2010 in multiple referenda, the result of the first referendum is 

used to determine its treatment assignment. As it was mentioned before, this is to produce more 

conservative estimates in case some school districts in the control group (who do not receive any 

funding the first time they ask for it for a specific school year) were able to switch their 

assignment in follow up referenda before that specific school year ends. Table II presents the 

summary statistics of the aggregated data based on the purpose of the issue on the ballot. The 

total number of referenda for operating expenditures is slightly more than the combined number 

of referenda for various types of capital expenditures. On average, the size of a tax proposal to 

increase operational expenditures is about 3.4 times more than a proposal to increase minor 

capital expenditures in a year: $984.37 and $288.87 per pupil expenditure in 2015 dollars, 

respectively. Major capital expenditures have an average (life-time) size of about $10,000 (in 

                                                            
54 To identify the beginning year of a new tax (𝜏 0), this paper uses a combination of the date of referenda and the 
commencement year of a tax. This creates a level of heterogeneity in treatment that we ignore here. For example, 
assume two school districts decide to increase an identical amount of additional tax for their operational 
expenditures, but one of these two requests the additional funding in August 2010 and the other one in February 
2011 (with commencement years being 2010 and 2011 respectively). We consider the “effective school year” for the 
beginning year of both taxes to be the school year 2010-11 even though these two school districts do not receive an 
identical amount of funding in that year. Given that planning and budgeting for a school year usually takes place 
before the beginning of that year, it is reasonable to assume that this additional funding in the middle of the year 
does not have an actual effect on the outcome of interest in that year. Starting with the next year (𝜏 1 , both 
school districts in our example receive an identical extra funding for the whole year. 
55 Out of 612-613 school districts that are present in our data base for years between 1996 and 2015, we include 602 
of them in our analysis. Part of the removed school districts are those that are combined or divided at some point in 
the years covered in this study. Other school districts share an entity (i.e. Lake County School Financing District) 
that has the power to levy taxes to fund schools, and just to be sure about the proper allocation of raised funds to 
school districts, we remove these districts from the data base as well.  
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2015 dollars) per pupil. Additional operating expenditures are usually approved for a shorter 

period of time comparing to the minor capital expenditures, 5.24 and 8.76 respectively. That 

being said, about 26 percent of the proposals for additional operating expenditures and 23 

percent of the proposals for additional minor capital expenditures do not have a time limit and 

the related taxes are proposed to be collected in perpetuity. The average number of years to repay 

the principal and interests for the issued bonds related to major capital expenditures is about 27 

years. The highest approval rate of referenda belongs to minor capital expenditures (68.60 

percent), followed by operating expenditures (58.39 percent), and then major capital 

expenditures (45.72 percent). Finally, the percentage of close referenda in each category, defined 

as those with vote share between 45-55 percent, are 32.15 percent, 28.24 percent, and 37.43 

percent for operating, minor capital, and major capital expenditures, respectively. 

[Table II about here] 

Figure IV shows the distribution of vote share in favor of measures to receive additional 

funding for operational (Panel A) minor capital, and major capital expenditures (Panels B and C, 

respectively). It is worth nothing that the bell-shape of the vote distribution in both panels, as 

well as the similarity of the number of measures that are marginally rejected or approved, 

provides us with more confidence in our identification technique that relies on the randomness of 

the treatment assignment for schools that are close to the 50 percent vote margin.  

[Figure IV about here] 

The second main data base used in this study is the results of the math proficiency tests for 

students subject to high school graduation tests. Prior to the school year 2005-06, the proficiency 

in 9th grade core courses56 was required for graduation. Starting in the school year 2005-06, the 

Ohio Graduation Test was introduced and required proficiency in 10th grade core courses. The 

high school graduation math proficiency data covers school years from 1996-97 to 2014-15.57 

Figure V shows the school district average proficiency rates in math. Average math proficiency 

rates for Ohio appear to be constant over time for each grade but increase by about 10 percent 

between grades 9 and 10. The standard deviation also decreases for 10th graders. In earlier years, 

                                                            
56 Proficiency in five subject areas is required for graduation: mathematics, writing, reading, science and social 
studies. The subject areas did not change in 2006. 
57 David Brasington very generously shared his data for 1996-97 to 2004-05 period with us. For the application of 
this data in his work see, for example, Brasington and Haurin (2009). His data base uses 8th graders math proficiency 
rates for the academic year 2004-05 because of the lack of data on 9th and 10th graders. The data for 2005-06 forward 
is available through ODE website.  
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the value of standard deviation is about 13 percent, while in later years, it reduces to about 8 

percent. We normalize the math proficiency rates of a school district in each year to account for 

the fact that the test may have changed from one year to another and also, they are administered 

to students of different grades over this period of time. 

[Figure V about here] 

Other important district level variables that this paper looks at are the district level total per 

pupil expenditures, average expenditures on instructional staff, student to teacher ratio (all 

available through NCES), attendance rate, and disciplinary actions per 100 students (all available 

through ODE). These variables are available for different school years and Table III provides 

summary statistics for these variables for the school districts included in this study. First, one 

should note the variation in the size of school districts that are included in this analysis. While 

the average and median number of students in a school district are about 2,850 and 1,787 

respectively, there are school districts that serve as few as 67 and as large as 76,504 students. 

The average per pupil expenditures in 2015 dollars is about 12 thousand dollars with a standard 

deviation of 4 thousand dollars. The average expenditure on instructional staff (in 2015 dollars) 

is about 96 thousand dollars with a standard deviation of about 14 thousand dollars. For both 

variables, there is great variation across school and over time for the size of these two 

expenditure variables. The average number of students per teacher is about 17. The variable 

ranges from only 4 students to 54 students per teacher. Attendance rate is the variable with the 

least range. Over the past decade, Ohio school districts experienced between 89 percent to 98 

percent attendance rate, amounting to an average of 96 percent. Finally, the number of 

disciplinary actions per 100 students is most likely the variable with the most variation in this 

table. From 0 to 261 disciplinary actions per 100 students, school districts in Ohio are very 

different in terms of the type of students that they serve. The average and median values, 

however, are about 16 and 10 actions per 100 students respectively, which shows most of school 

districts do not experience that much trouble with their students.  

[Table III about here] 

Before moving forward, it is necessary to examine whether the school districts that succeed 

in securing various types of additional funding (the treatment groups) and those who fail to do so 

(the control group) are otherwise similar. Specifically, one needs to test whether the treatment 

and control groups are balanced with respect to various outcome variables before they receive 
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the extra funding. Since the DID-Recursive estimator has a difference-in-differences structure, 

we are less worried about the balance in levels of the outcome variables across treatment and 

control groups prior to the treatment assignment, and only need to establish a similar pre-

treatment trend in these variables.  

Table IV provides the results of the pre-treatment balance test for the trends of various 

outcome variables. The regression models used for Panel A and B are only different in one set of 

variables: only the model used for Panel B includes polynomials (of order three) in vote shares 

(i.e. three polynomials since there are three types of referenda depending on the type of 

additional expenditure proposed in a referenda). All models regress an outcome of interest 

measured before a referendum is proposed (I include up to three years before a referendum) on 

set of variables related to that referendum. These variables are as follows: three variables for the 

type of per pupil expenditures (in thousands of 2015 dollars) proposed (i.e. operating, minor 

capital, and major capital expenditures); a relative time trend variable, Tau, that  takes values -3, 

-2, and -1 depending on the year that the outcome of interest is measured relative to the year of a 

referendum (e.g. -1 means the outcome of interest is measured one year before a referendum); 

three interaction terms between Tau and the three variables mentioned previously (these 

interaction terms are the main variables of interest and reported in the Table IV); a control 

variable for the state-provided additional funding for major capital projects; three indicator 

variables to identify the type of the proposed tax (i.e. whether it is a new tax, 

renewal/replacement of an existing one, or removal/reduction of an existing one); and finally, 

school district and calendar year fixed effects.  

[Table IV about here] 

As the parameter estimates in Table IV Panel A reveal, even without the inclusion of the 

vote share polynomials, the treatment and control groups have a similar trend with regard to most 

of the outcome variables. Those few cases in which a treatment group appears to have a 

differential trend compared to the control group, the inclusion of the vote share polynomials 

takes care of these differential trends as depicted in Panel B. Parameter estimates presented in 

this panel provides the necessary evidence that shows once polynomials of order three in vote 

shares are included in the model, treatment and control groups have very similar trends in the 

main outcomes of interest prior to the treatment assignment. 

V. Results 



27 
 

Before presenting the main results, it is important to examine how approving various types 

of additional funding affects the total expenditure in a school district. Figure VI shows these 

effects for 10 years following a reform in three graphs using simple ITT models of the form 

shown in equation (9). Panel A shows that approving an additional operating expenditure 

(measured in per pupil thousands of 2015 dollars per year) increases the total per pupil 

expenditure for slightly less than the approved size of a referenda (about 24 percent less), and the 

effect remains relatively constant over time. Panel B shows that approving additional funding for 

minor capital projects (measured in per pupil thousands of 2015 dollars per year) leads to an 

increase in the total per pupil expenditure that exceeds the size of the reform (about 47 percent 

more). This is expected, as school districts may combine available funds through State and 

Federal government for renovation with the funding that they receive through additional local 

taxes. Panel C shows that approving an additional $1,000 for a major capital project (measured 

in 2015 dollars) leads to an additional total per pupil expenditure close to the approved extra 

funding over the course of five years following the reform (i.e. year zero through four, in which 

year zero is the year of commencement for an approved additional tax).58 Overall, these graphs 

show that the approval of additional taxes by voters leads to a real increase of a similar size in 

total school expenditures.  

[Figure VI about here] 

Table V illustrates the main result of this paper. It shows how approving various types of 

school expenditures affects the school district level math proficiency rates of students who take 

Ohio high school graduation tests. The main variables of interest are the size of the approved 

additional funding for various purposes, which are measured in per pupil thousand of 2015 

dollars (per year for operating and minor capital expenditures and per project for major capital 

expenditures). Across various panels, I find a short-term effect for additional operating 

expenditures, but not for any types of capital expenditures. The preferred results are presented in 

Panel B, which shows that for every $1,000 (constant-2015) additional yearly per pupil 

expenditure approved by the voters for operating expenses, the math proficiency rate of students 

increases by about 0.033 standard deviations (0.27 percentage points) one year following the 

commencement of the new tax. The effect size is not significant for year zero, as well as two 

                                                            
58 Note that this effect comes solely from the local sources since the availability of data allows the model to control 
for the additional matching fund that a school district receives from the State for its major capital projects.  
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through four, but the parameter estimate has a similar size. The effect goes away in the fifth year 

following the referenda. Both Panel C (which uses a simpler but biased estimator of the TOT 

effect) and Panel A (which shows the ITT effects) display a very similar pattern in which the 

effect of additional funding is reduced significantly by the fifth year following a referendum. 

[Table V about here] 

Despite the fact that the parameter estimates for both types of capital expenditures are 

statistically insignificant, it is worth noting that the major capital expenditures seem to have a 

consistent negative effect on test scores for at least the first six years included in this analysis. 

One may argue that the major capital projects takes a few years to be completed and one should 

not expect any positive effect until later years. Moreover, the fact that a school’s administration 

is occupied with a major construction project provides potential explanation for a short term 

negative effect (e.g. through the reduction in supervision). To assess whether the effect of 

building a school on test scores appear in later years, I expand the time horizon of the analysis to 

include up to 10 years following the commencement year of a referendum. To better visualize 

the result, Figure VII presents the effect of approving a major capital project (measured in per 

pupil thousands of constant-2015 dollars) on the students test scores. As it is clear from this 

Figure, the effect is never positive and mainly statistically insignificant. Therefore, one can 

conclude that this paper does not find any evidence for short-term or long-term effects of major 

capital expenditures on educational outcome of students.  

[Figure VII about here] 

The next step is to analyze various channels through which the additional funding for school 

districts can affect student achievement. This paper looks at four channels: student to teacher 

ratio, student attendance rate, prevalence of disciplinary actions, and average expenditure on 

instructional staff. Table VI presents the results of this analysis. With the exception of the 

average expenditure on instructional staff, none of the other channels show any potential in 

explaining the relationship between the extra funding for schools and test scores. Results in 

Panel D of Table VI show that the approval of a new tax to spend an additional $1,000 (in 2015 

dollars) per pupil operating expenditure leads to an average of $292 (in 2015 dollars) extra 

expenditure (although statistically insignificant) on the instructional staff one year following the 

commencement of the new tax. This effect increases dramatically in the second year following 

the commencement of the new tax to $830 (in 2015 dollars) and it becomes statistically 
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significant. The effect continues to rise in the following years and reaches $1856 (in 2015 

dollars) in the fifth year following the commencement of a new tax. It is important to note that 

the effect on the average expenditure on instructional staff increases over time, but the effect on 

test scores only appears in a short period following the commencement of a new tax (see Panel B 

in Table V). This is an indication that the passage of such a referendum creates a short-term 

increase in the motivation of teachers. This could be a short term financial or non-financial 

motivation. Teachers may initially notice that their salaries and benefits has increased and 

became more motivated in their work but then this extra earning becomes less noticeable over 

time. The non-financial motivation can come from, for example, the good feeling that teachers 

may have when their community votes in favor of a measure that will lead to an increase in their 

salary. The feeling that voters appreciate their work may lead to an initial increase in their efforts 

but over time, this type of motivation loses its effect.  

[Table VI about here] 

While the above explanation seems plausible for the referenda related to the additional 

operating expenditures, it is important to examine why the referenda related to minor capital 

expenditures do not seem to have a similar impact on test scores. Panel D of Table VI reveals 

that this type of referendum increases the average expenditures on the instructional staff even 

more than the referenda passed to increase operating expenditures. The key to resolving this 

puzzle is to notice the standard errors in Panel D of Table VI and Panel B of Table V. In both 

tables, the standard errors are much larger for the case of referenda to increase minor capital 

expenditures. Additional minor capital expenditures approved by the voters may lead to some of 

the schools moving the money around and increasing the salary and benefits of the instructional 

staff. However, not every school district could or would do this, which one can infer from the 

size of standard errors in Panel D of Table VI (comparing values in the row for operating 

expenditures to the ones for minor capital expenditure). If there is a higher variation in the 

number of schools that redirect part of the new resources to be spent on the instructional staff, 

the effect on the student test scores would have a higher variation as well, resulting in higher 

values for standard errors in Panel B of Table V. Therefore, the results in Tables 5 and 6 are fully 

consistent with the explanation offered earlier for how the approval of additional funding for 

school districts affects the student test scores through the increase in the expenditure on the 

instructional staff.   
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The next step is to test the robustness of the main results of paper (i.e. the effect of 

approving various types of additional funding for schools on test scores). Here I offer two 

robustness checks and a set of pseudo regressions that are presented in Tables 7 and 8, 

respectively. First, the whole analysis is repeated for the reading proficiency rate of the students 

who are subject to the Ohio high school graduation tests59 and the results are presented in Panel 

A of Table VII. The approval of additional operating expenditure increases the reading 

proficiency very similar to the math proficiency examined before. The effect is statistically 

significant for the first and second years following the commencement of a new tax, increasing 

the proficiency rate for reading by about 0.047 and 0.063 standard deviations (0.56 and 0.69 

percentage points) for every $1,000 (constant-2015) additional yearly per pupil expenditure 

approved by the voters, respectively. The effect becomes statistically insignificant for the third 

and fourth years and disappears in the fifth year following the commencement year of a new tax. 

The effect from minor capital expenditures is generally statistically insignificant (similar to the 

results for math proficiency) while the parameter estimates are positive and of similar size as the 

ones observed for the operating expenditures. In line with the previous findings, the major capital 

expenditures have a negative but statistically insignificant effect on the reading proficiency rates.  

[Table VII about here] 

For the second robustness check, the same model as the one used for our main results (i.e. 

table V) is used, but the data is limited to only close referenda (i.e. the ones with 45 percent to 55 

percent vote share). The effect for the approval of operating expenditures is larger and 

statistically significant for both the commencement year and the first year following it: 

respectively about 0.046 and 0.062 standard deviations (0.35 and 0.48 percentage points) 

increase in math proficiency rates for every $1,000 (constant-2015) additional yearly per pupil 

expenditure approved by the voters. A very similar pattern as before is observed for both minor 

and major capital expenditures, but the negative effect of major capital expenditures on test 

scores becomes statistically significant in some years: a reduction of about 0.011 to 0.019 

standard deviations (0.20 to 0.24 percentage points) in math proficiency rate for every $1,000 

(constant-2015) additional per pupil expenditure on a major capital project approved by the 

voters. 

                                                            
59 The data for this test score is available for years 2005 to 2014. 
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Table VIII presents the results of the pseudo regressions in which I analyze the effect of 

future referenda on a range of variables in the past. One would expect that the approval of 

additional funding for any of the three purposes in the future would not have any effect on the 

important variables of interest in the past. To do these pseudo regressions, this paper uses a 

simple DID model using only two periods before the commencement of a new tax, i.e. 𝜏 2 

the pretreatment period and 𝜏 1 the (pseudo) posttreatment period. The structure of model 

and the included covariates are very similar to the equation (9). As Table VIII shows, there is no 

evidence that future new taxes have any effect on the level of math proficiency rate, total per 

pupil expenditure, average expenditure on instructional staff, student-teacher ratio, student 

attendance rate, and prevalence of disciplinary actions in previous years.  

[Table VIII about here] 

The last step in the analysis of the effect of extra funding on schools is to see what type of 

students benefit more from. Specifically, it is important to see whether poor students benefit 

more than rich students from additional funding for their schools. The nature of data used in this 

paper does not allow a direct assessment of the impact of additional funding on these two groups 

of students. The next best option is to look at the school districts in places with high and low 

poverty rates among children and assess whether there is any differential effect. To do so, I use 

the school district level poverty rates among children estimated by Census (2017) for year 1995 

to rank the school districts. Then I split the data to only include school districts with poverty 

rates in the top 30 percent (“poor school districts”) in one subsample and the ones with poverty 

rates in the bottom 30 percent (“rich school districts”) in another subsample. The rest of the 

analysis is identical to the one done for the main results (i.e. Table V) but with these two data 

bases used separately in the estimations. The results are shown in Table IX. It is very clear that 

the poor school districts drive the results for the effect of operating expenditures on math 

proficiency rates. While the effect of additional operating funding for rich school districts is 

small and statistically insignificant, the poor school districts experience effects as large as 0.123 

standard deviations (about 1.98 percentage points)60 increase in math proficiency rates in the first 

year following the commencement year of a tax. This effect remains relatively stable for up to 

                                                            
60 This effect is for every $1,000 (constant-2015) additional yearly per pupil operating expenditure approved by the 
voters. 
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four years following the commencement year and then is reduced significantly in the fifth year.61 

On the other hand, the negative effect of major capital projects on math proficiency rates that 

was observed before seems to be driven by the rich school districts. The effect becomes 

statistically significant in the second year following the commencement of a new tax to pay for 

the new bonds issued to pay for a major project: Every additional $1,000 (constant-2015) 

approved to be spent on a major project decreases the math proficiency rates in rich school 

districts by about 0.007 standard deviations (about 0.10 percentage points). The effect becomes 

even stronger in the fourth and fifth year: a reduction of about 0.013 and 0.008 standard 

deviations (about 0.18 and 0.13 percentage points), respectively.  

[Table IX about here] 

VI. Conclusions 

This paper analyzes the effect of various types of public school expenditures on test scores 

of students in Ohio. Specifically, it compares the impact of operating versus minor capital versus 

major capital expenditures on the math proficiency rate of students who are subject to Ohio high 

school graduation tests. Moreover, this paper examines four channels (i.e. student-to-teacher 

ratio, student attendance rate, disciplinary actions per 100 students, and average expenditure on 

instructional staff) through which the additional expenditures in either of these three categories 

could potentially affect the performance of students.  

The preferred model shows a positive and statistically significant effect of the operating 

expenditures on the math proficiency rates in the short run, i.e. 0.033 standard deviations (0.27 

percentage points) in the first year following the commencement year of a new tax for an 

additional $1,000 constant-2015 per pupil operating expenditure. However, I do not find any 

long-term effect for the additional operating expenditures or any effect (neither short-term nor 

long-term) for both types of capital expenditures. The additional funding in these three categories 

has no economically significant impact on the class size (student-to-teacher ratio), attendance 

rate, or discipline of students. However, the average expenditure on instructional staff increases 

with the approval of additional operating expenditures, indicating that incentives of the teachers 

is a main channel through which the test score of students can be affected. Finally, this paper 

                                                            
61 The parameter estimates are not all statistically significant. 
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provides evidence that the extra operating expenditure has a much higher effect (4 to 9 times 

higher than average effect) on schools that are located in relatively poor districts.  

This study should encourage policy makers at the state and federal level to focus their 

limited resources on areas that have an effect on students’ achievements. Various studies, 

including this one, have not been able to identify any effect for major capital expenditures on 

student outcomes. This suggests that less money at the state and federal level should be allocated 

to construction projects. On the other hand, this paper shows that spending on teachers is an 

effective way to increase test scores, especially in the school districts that serve students of lower 

socio-economic status. Therefore, policies that aim at increasing the quality of teachers, for 

example through equalizing the power of schools to hire and compensate high quality teachers, 

are the most promising ones to affect the educational achievement of students. 

Future studies should focus their attention on other channels that additional funding can 

affect student outcomes (such as college preparation courses or extracurricular activities) and 

specifically the ones that have the most effect on the students of lower socio-economic status. An 

important limitation of this study is the lack of student-level data due to the unwillingness of the 

officials in the state of Ohio to allow access to such data. However, state officials throughout the 

Unites States are becoming more open to allowing researchers to access student-level data. This 

student-level data would provide a more detailed picture of who benefits most from additional 

school funding. Finally, it is worth noting that the methodology of this paper can be utilized in 

other contexts, for example, to study the effect of various types of referenda to increase taxes on 

housing prices or the number of new businesses. This is a natural extension of existing studies on 

these topics (see for example Enami, Reynolds, and Rohlin, 2018). 
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Figure I: Capital expenditure and spending on the instructional staff in Ohio vs. the United 
States as a share of total expenditure. 

Source: U.S. Department of Education, National Center for Education Statistics, Common Core of Data (CCD) and 
own calculations. 
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Figure II: Share of school budget financed through the local sources. 

 
Source: U.S. Department of Education, National Center for Education Statistics, Common Core of Data (CCD) and 

own calculations. 
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Figure III: The relationship between the Treatment-on-the-Treated (TOT) estimator and 
the Intent-to-Treat (ITT) estimators. 
Panel A) Without the Need for a Difference-in-Differences Structure   

  

 

 

 

 

 

 

Panel B) With a Need for a Difference-in-Differences Structure 

 
Note: The treatment-on-the-treated (TOT) estimator in the long run is equal to the sum of intent-to-treat (ITT) 

estimators (assuming the control group receives a similar treatment one year later than the treatment group and 
it is otherwise similar to the treatment group). 
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Figure IV: Distribution of vote share in favor of measures to spend more operational and 
capital expenditures. 
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Sources: Referendum reports from the OSOS and own calculations. 
Notes: The data covers years from 1996 to 2015 for 602 Ohio school districts included in this paper. Only referenda 

related to the first time a school district requested additional funding in the form of a new tax to be commenced 
in a specific year are included. The total number of referenda included in Panels A, B, and C are 3350, 1452, 
and 1074 respectively.  
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Figure V: Average math proficiency rate of school districts in Ohio for students subject to 
the high school graduation requirement.   

 

Sources: David Brasington personal data base (1996-2004), ODE (2005-2014), and own calculations. 
Notes: The data includes 602 Ohio school districts included in this paper. The year corresponds to the Fall semester 

of a school year. The dotted line displays the standard deviation. Math proficiency rates for 1996-2003 is for 
9th graders, 2004 is for 8th graders (due to the absence of data for 9th or 10th graders), and the rest is for 10th 
graders.  
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Figure VI: The effect of approving various types of additional funding for school districts 
on per pupil total expenditure. 
 
 
Panel A) Operating expenditure (an additional $1,000/year (in 2015 dollars) per pupil) 

 
 
 
Panel B) Minor Capital expenditure (an additional $1,000/year (in 2015 dollars) per pupil) 
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Panel C) Major Capital expenditure (an additional $1,000/project (in 2015 dollars) per 
pupil) 

 
 
Sources: NCES, OSOS, ODT, and own calculations. 
Notes: The data includes 602 Ohio school districts and 5174 referenda included in this paper. The graphs show 

simple ITT effects estimated separately for each Tau using equation (9). In each model, the dependent variable 
is the per pupil total expenditure (measured in thousands of 2015 dollars) Tau years following a referendum. 
The three main variables of interest graphed in Panels A, B, and C are the size of various additional 
expenditure approved for a school district (i.e. operating, minor capital, and major capital expenditures, 
respectively). These variables are also in per pupil thousands of 2015 dollars (the operating and minor capital 
expenditures are per year, while the major capital expenditure is per project). The solid line in each graph is the 
ITT effect and the dashed lines are the 90% confidence intervals. Please see the methodology section for the 
list of control variables included in the analysis. 
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Figure VII: The effect of approving major capital expenditures on math proficiency of 
students. 

 
 
Note: The solid line is the TOT effect calculated using the DID-Recursive estimator introduced in equation (17), 

which relies on ITT values estimated using a model based on equation (18) using L=10. The main variable of 
interest (which the effect for is shown above) is the size of an approved major capital expenditure measured in 
per pupil thousands of constant-2015 dollars. The standardized math proficiency rates are for students 
subjected to Ohio high school graduation tests. The dashed lines represent 90% confidence intervals. Please see 
the methodology section for the list of control variables included in each model. The total number of 
observations in the pooled model is 313,165. 
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Table I: Year-by-year summary statistics of Ohio school district referenda (1996 to 2015) 

Panel A. Bond referenda 

Year 
Number of 
referenda 

Average size of a 
project 

(Millions of $2015) 

Average size per 
pupil per project 

($2015) 
Length % Pass 

1996 65 22.72 8234.85 25.02 26.15 

1997 105 17.78 6942.65 24.51 42.86 

1998 117 19.85 8047.28 24.68 39.32 

1999 129 15.75 6918.31 24.81 55.81 

2000 138 26.00 10358.78 24.96 61.59 

2001 84 27.26 8976.53 25.35 50.00 

2002 93 47.27 11251.78 26.60 44.09 

2003 96 34.44 11386.88 27.29 33.33 

2004 88 26.17 9809.57 27.02 44.32 

2005 79 28.56 11394.28 27.82 34.18 

2006 77 21.27 8907.96 26.64 37.66 

2007 82 20.76 8756.38 26.89 34.15 

2008 93 31.23 9931.79 27.56 44.09 

2009 60 23.22 11661.87 30.43 35.00 

2010 60 28.49 12962.55 33.72 31.67 

2011 38 24.88 10694.71 32.21 26.32 

2012 44 27.95 11180.98 31.73 47.73 

2013 46 33.35 13193.51 34.02 39.13 

2014 38 37.87 14694.79 34.22 42.11 

2015 24 37.31 13134.40 35.21 66.67 
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Panel B. Levy referenda 

Year 
Number of 
referenda 

% Capital 
exp. 

Average size per 
year 

(Millions of $2015) 

Average size 
per pupil per 
year ($2015) 

Length % CPT % Pass 

1996 149 36.91 2.87 637.72 5.05 25.50 63.09 

1997 289 36.33 1.66 593.60 5.54 13.84 66.78 

1998 277 38.27 2.15 607.42 6.29 15.88 65.70 

1999 305 45.90 1.90 601.64 7.54 16.07 71.15 

2000 310 36.45 2.86 670.65 7.33 20.00 78.06 

2001 255 34.51 2.19 712.60 6.22 17.65 71.76 

2002 255 30.20 2.33 784.01 5.68 19.61 67.84 

2003 314 28.34 2.70 862.71 5.83 23.25 59.24 

2004 479 23.59 3.31 861.29 5.97 27.14 47.81 

2005 393 24.17 3.03 859.16 6.01 22.14 58.78 

2006 321 33.02 2.80 791.06 6.48 22.74 55.45 

2007 318 36.48 2.34 712.56 6.38 24.21 56.60 

2008 327 33.64 3.14 743.28 6.40 28.13 59.02 

2009 285 27.72 2.63 713.84 6.69 20.70 63.51 

2010 338 22.49 2.63 818.06 6.67 25.74 55.03 

2011 300 22.00 2.98 803.29 5.87 27.67 55.33 

2012 276 22.46 2.84 743.20 6.06 22.83 60.14 

2013 278 24.82 2.33 781.32 6.22 28.06 58.99 

2014 247 30.36 1.81 701.27 5.81 22.27 69.23 

2015 106 33.96 1.44 714.30 6.36 30.19 78.30 
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Panel C. Income tax referenda 

Year 
Number of 
referenda 

% Capital 
exp. 

Average size per 
year 

(Millions of $2015) 

Average size 
per pupil per 
year ($2015) 

Length % CPT % Pass 

1996 23 8.70 2.29 840.43 5.09 52.17 26.09 

1997 21 0.00 1.99 917.29 6.05 9.52 38.10 

1998 20 0.00 1.25 943.56 4.47 25.00 35.00 

1999 25 8.00 1.43 905.89 5.00 48.00 52.00 

2000 37 5.41 1.76 1110.55 5.30 27.03 35.14 

2001 19 10.53 1.58 1002.98 5.00 42.11 36.84 

2002 27 3.70 1.80 1062.05 5.11 33.33 40.74 

2003 47 0.00 1.97 1202.09 4.86 40.43 34.04 

2004 85 1.18 1.52 1087.30 4.85 37.65 36.47 

2005 79 2.53 1.57 1115.05 4.94 39.24 32.91 

2006 76 3.95 2.47 1153.11 7.10 31.58 43.42 

2007 63 12.70 2.33 1227.05 6.63 26.98 33.33 

2008 59 13.56 2.21 1047.58 8.88 44.07 27.12 

2009 50 12.00 1.25 1098.26 9.65 20.00 64.00 

2010 67 7.46 2.01 1159.75 7.39 23.88 49.25 

2011 48 4.17 2.78 1159.56 5.56 33.33 31.25 

2012 40 2.50 2.35 1317.56 6.03 27.50 42.50 

2013 49 6.12 1.90 1242.20 6.14 24.49 51.02 

2014 33 21.21 0.48 804.70 7.26 18.18 48.48 
Sources: Referendum reports from the OSOS, school district property and income tax data from ODT, and own 

calculations. 
Notes: The data covers all referenda related to the 612 traditional school districts in Ohio. The year refers to the 

calendar year that a referendum takes place. The average size (and average size per pupil) refers to the dollar 
value associated with a tax proposal on the ballot. The dollar value for bond measures (Panel A) is based on the 
total dollar value of a bond recorded in the referendum reports. The size of a levy (Panel B) is calculated based 
on the millage rate of the issue on the ballot and the total taxable value of the properties in a school district, and 
it is for one year. The dollar values for the income tax measures (Panel C) are imputed based on the total 
“federal adjusted gross income” of individuals living in a school district, and it is for one year. “% Capital 
exp.” refers to the issues on the ballot that are for the minor capital expenditures purposes only. Bond referenda 
are all for major capital expenditure purposes. Length refers to the average length of issues that are not 
considered for “continuing period of time (CPT)”. “% CPT” refers to the percentage of the issues that are 
considered for CPT. Panel C does not include the data for year 2015 because as of writing of this paper, ODT 
has not released the data for this year. 
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Table II: Aggregated summary of the referendum data. 

Type of referenda 
Number of 

unique 
school dist. 

Number of 
referenda 

Per pupil average 
size requested 

(2015$) 

Length 
(year) 

% 
CPT 

% 
Pass 

% 
Close 

Operational Exp. 545 3350 984.37/year 5.24 26.15 58.39 32.15 

Capital Exp.        

     Minor 508 1452 288.87/year 8.76 22.80 68.60 28.24 

     Major 523 1074 10185.31/life-time 27.29 - 45.72 37.43 

Sources: Referendum reports from the OSOS and own calculations. 
Notes: Only referenda related to the first time a school district requested additional funding in the form of a new tax 

to be commenced in a specific year are included. The data covers years from 1996 to 2015 for all 602 Ohio 
school districts included in this analysis. The total number of unique school districts with at least one 
referendum over this period is 594. Length refers to the average length of issues that are not considered for 
“continuing period of time (CPT)”. For major capital expenditures, Length refers to the number of years it will 
take to repay the principal and interests of the issued bonds. “% CPT” refers to the percentage of the issues that 
are considered for CPT. “% Close” refers to the percentage of the referenda that have a vote margin between 
45% and 55% (included) in favor of the issue on the ballot.  
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Table III. The district level descriptive statistics of main variables of interest 

Variable 
Years 

Included 
Mean 

Standard 
Deviation 

Min Max Median 

Number of Students 1997-2013 2850 4610 67 76504 1787 

Per Pupil Expenditure 
($2015) 

1997-2013 11879.9 3933.61 1664.04 147527.70 10866.16 

Average Expenditure 
on Instructional Staff 
($2015) 

1997-2013 95969.62 14065.76 39120.14 170903.00 94462.06 

Student to Teacher 
Ratio 

1997-2013 17.39 2.36 3.70 53.50 17.36 

Attendance Rate (%) 2005-2015 96.13 1.67 89.00 97.50 97.50 

Disciplinary Actions 
per 100 Students 

2005-2015 15.93 20.47 0.00 260.90 9.70 

Sources: NCES, ODE and own calculations. 
Notes: The data includes 602 out of 612 Ohio school districts that are included in this paper. Year corresponds to the 

Fall semester of a school year. 
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Table IV. Parallel trend tests for the main variables of interest. 
 

Math 
proficiency rate 
(Standardized) 

Per Pupil 
Expenditure 

($2015) 

Average 
Expenditure on 

Instructional 
Staff ($2015) 

Student-
teacher 

ratio 

Attendance 
rate (%) 

Disciplinary 
actions 

(per 100 
students) 

Panel A. without controls for vote share  

Operating 
exp. * Tau 

-0.001 0.049 0.064 0.025 0.00033 -0.234 
(0.007) (0.047) (0.098) (0.021) (0.00020) (0.233) 

 

      
Minor Capital 
exp. * Tau 

0.001 0.068 0.465 0.097 0.00007 0.392 
(0.028) (0.150) (0.550) (0.082) (0.00060) (0.543) 

       
Major Capital 
exp. * Tau 

-0.001 -0.007 -0.009 -0.002 0.00004 -0.005 
(0.001) (0.004) (0.017) (0.004) (0.00004) (0.031) 

Panel B. with controls for vote share  

Operating 
exp. * Tau 

-0.002 0.044 0.048 0.025 0.00032 -0.233 
(0.007) (0.047) (0.098) (0.021) (0.0002) (0.236) 

 

      
Minor Capital 
exp. * Tau 

0.001 0.065 0.428 0.091 0.00002 0.431 
(0.028) (0.150) (0.555) (0.081) (0.0006) (0.535) 

 

      
Major Capital 
exp. * Tau 

-0.001 -0.005 -0.010 -0.002 0.00004 -0.005 
(0.001) (0.004) (0.017) (0.004) (0.00003) (0.031) 

Number of 
Observations 

22638 18642 18643 18515 10425 10425 

Sources: NCES, ODE, ODT, OSOS, David Brasington personal data base for district level math proficiency rates, 
and own calculations. 

Notes: Standard errors are clustered at the school district level. The data includes 602 out of 612 Ohio school 
districts that are included in this paper. Math proficiency rate is for students that are subjected to the Ohio high 
school graduation tests and are standardized for each year. Panel A regresses an outcome of interest on the 
following variables: three variables for the type of per pupil expenditures (in thousands of 2015 dollars) 
proposed (i.e. operating, minor capital, and major capital expenditures); a relative time trend variable, Tau, that  
takes values -3, -2, and -1 depending on the year that the outcome of interest is measured relative to the year of 
a referendum (e.g. -1 means the outcome of interest is measured one year before a referendum); three 
interaction terms between Tau and the three variables mentioned before (these interaction terms are the main 
variables of interest and reported in the above table); a control variable for the state provided additional 
funding for major capital projects; three indicator variables to identify the type of the proposed tax (i.e. 
whether it is a new tax, renewal/replacement of an existing one, or removal/reduction of an existing one); and 
school district and calendar year fixed effects. Regression models for Panel B have the same variables and 
three polynomials of order three in vote share for each type of referendum (i.e. operating, minor capital, and 
major capital expenditures). 
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Table V. The Impact of approving various types of additional funding on the school district 
level standardized math proficiency rate of students who are subject to the Ohio high 
school graduation tests. 

Approved type 
of expenditure 

         Years relative to the commencement year of a tax measure (𝜏) 
𝜏 0 𝜏 1 𝜏 2 𝜏 3 𝜏 4 𝜏 5 

Panel A. ITT effects 
 

Operating exp. 0.026 0.031 0.020 0.027 0.030 0.015 
(0.019) (0.019) (0.020) (0.022) (0.022) (0.023) 

Capital exp.       
     Minor -0.010 -0.013 0.053 0.017 -0.084 0.018 

(0.065) (0.061) (0.063) (0.070) (0.080) (0.077) 
       

     Major ≅ 0 -0.004 -0.003 -0.002 -0.007 -0.005 
(0.003) (0.003) (0.004) (0.003) (0.005) (0.004) 

 

Panel B. TOT effects: DID-Recursive 
 

Operating exp. 0.026 0.033 0.022 0.024 0.023 0.004 
(0.019) (0.020) (0.021) (0.021) (0.021) (0.021) 

Capital exp.       
     Minor -0.010 -0.005 0.064 0.025 -0.075 0.019 

(0.065) (0.061) (0.061) (0.068) (0.076) (0.070) 
       
     Major ≅ 0 -0.004 -0.004 -0.003 -0.008 -0.006 

(0.003) (0.003) (0.004) (0.004) (0.006) (0.005) 
 

Panel C. TOT effects: One-Step 
 

Operating exp. 0.009 0.082 0.059 0.060 0.047 0.024 
(0.028) (0.033) (0.033) (0.035) (0.033) (0.033) 

Capital exp.       
     Minor -0.078 0.052 0.044 0.009 -0.138 0.023 

(0.081) (0.098) (0.092) (0.097) (0.103) (0.099) 
       
     Major 0.001 -0.012 -0.006 ≅ 0 -0.002 -0.006 

(0.006) (0.007) (0.005) (0.006) (0.005) (0.004) 
Notes: Clustered standard errors (at the school district level) are in parenthesis. Parameter estimates represent the 

effect of approving additional expenditures (operating, minor capital, and major capital expenditures) for 
school districts (measured in per pupil constant-2015 thousands of dollars: per year for operating and minor 
capital expenditures and per project for major capital expenditures) on the standardized math proficiency rates 
of students subjected to Ohio high school graduation tests. The effects are measured in various points after the 
commencement year of a new tax (𝜏 0 represents the commencement year, 𝜏 1 represents one year after 
the commencement, and so on). All parameters in Panels A and C are estimated in two separate regressions 
based on equations (18) and (19) respectively (using 𝐿 6 and 𝜏̅ 10 in these two equations). Please see the 
methodology section for the list of control variables in each model. The total number of observations for 
Panels A and C are 217,554 and 5,407 respectively. Parameters in Panel B are estimated using equation (17) 
and are based on the parameters estimated in Panel A. 
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Table VI. The Impact of approving various types of additional funding on the school 
district level student-to-teacher ratio, attendance rate, disciplinary actions per 100 
students, and average expenditure on instructional staff 

Approved type 
of expenditure 

         Years relative to the commencement year of a tax measure (𝜏) 
𝜏 0 𝜏 1 𝜏 2 𝜏 3 𝜏 4 𝜏 5 

Panel A. Student to Teacher Ratio 
 

Operating exp. -0.028 -0.001 0.099 0.066 0.102 0.153 
(0.047) (0.053) (0.065) (0.066) (0.072) (0.084) 

Capital exp.       
     Minor -0.055 0.030 0.282 0.206 0.393 0.323 

(0.168) (0.196) (0.316) (0.285) (0.270) (0.243) 
       

     Major 0.007 0.010 ≅ 0 0.007 0.003 0.020 
(0.007) (0.010) (0.01798) (0.020) (0.023) (0.017) 

 

Panel B. Attendance Rate (%) 
 

Operating exp. -0.0005 -0.0002 -0.0003 0.0007 ≅ 0 0.0005 
(0.0005) (0.0005) (0.0006) (0.0007) (0.0007) (0.0008) 

Capital exp.       
     Minor 0.0021 0.0001 0.0044 0.0059 0.0031 0.0037 

(0.0024) (0.0016) (0.0024) (0.0028) (0.0028) (0.0024) 
       
     Major -0.0001 ≅ 0 ≅ 0 ≅ 0 -0.0001 ≅ 0 

(0.0001) (0.0001) (0.0002) (0.0002) (0.0002) (0.0002) 
 

Panel C. Disciplinary Actions per 100 Students 
 

Operating exp. -0.374 0.147 0.150 -0.277 -0.221 0.299 
(0.460) (0.554) (0.631) (0.729) (0.888) (1.055) 

Capital exp.       
     Minor -1.009 0.076 -1.711 -3.247 -1.286 -1.975 

(1.604) (1.461) (1.528) (1.827) (1.672) (1.986) 
       
     Major 0.175 0.103 0.026 0.110 0.021 -0.027 

(0.094) (0.097) (0.120) (0.133) (0.153) (0.247) 
 

Panel D. Average Expenditure on Instructional Staff (thousands of constant-2015 dollar) 
 

Operating exp. -0.014 0.292 0.830 1.015 1.456 1.856 
(0.266) (0.351) (0.334) (0.344) (0.368) (0.397) 

Capital exp.       
     Minor -0.595 1.675 0.741 2.402 3.755 2.629 

(1.053) (0.712) (1.256) (1.227) (1.562) (1.547) 
       
     Major 0.047 0.021 0.030 0.078 0.041 0.059 

(0.040) (0.052) (0.068) (0.068) (0.073) (0.080) 
Notes: Clustered standard errors (at the school district level) are in parenthesis. Parameter estimates represent the 

effect of approving additional expenditures (operating, minor capital, and major capital expenditures) for 
school districts (measured in per pupil constant-2015 thousands of dollars: per year for operating and minor 
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capital expenditures and per project for major capital expenditures) on the dependent variable specified for 
each panel. The effects are measured in various points after the commencement year of a new tax (𝜏 0 
represents the commencement year, 𝜏 1 represents one year after the commencement, and so on). Parameters 
in each panel represent the TOT effects using the DID-Recursive estimator based on a separate equation (17) 
(in which 𝐿 6) and a corresponding equation (18). Please see the methodology section for the list of control 
variables. The total number of observations for each panel is as follows: A: 195,028; B and C: 88,476; D: 
195,379.  

 
 
 
 

Table VII. Robustness checks 
Approved type 
of expenditure 

         Years relative to the commencement year of a tax measure (𝜏) 
𝜏 0 𝜏 1 𝜏 2 𝜏 3 𝜏 4 𝜏 5 

Panel A. Reading proficiency rate (standardized) in Ohio high school graduation tests (OHSGT) 
 

Operating exp. 0.015 0.047 0.063 0.027 0.028 -0.008 
(0.017) (0.021) (0.022) (0.024) (0.027) (0.027) 

Capital exp.       
     Minor -0.013 0.041 0.085 0.027 -0.020 0.059 

(0.058) (0.071) (0.053) (0.065) (0.057) (0.064) 
       

     Major 0.005 -0.003 -0.007 -0.002 -0.003 -0.007 
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 

 
Panel B. Math proficiency rate (standardized) in OHSGT using only close referenda 

 
Operating exp. 0.046 0.062 0.044 0.048 0.012 -0.011 

(0.024) (0.030) (0.038) (0.034) (0.039) (0.036) 
Capital exp.       
     Minor 0.007 0.041 0.097 0.063 -0.088 0.055 

(0.070) (0.070) (0.065) (0.075) (0.082) (0.077) 
       
     Major ≅ 0 -0.007 -0.013 -0.008 -0.019 -0.011 

(0.005) (0.006) (0.006) (0.006) (0.007) (0.006) 
Notes: Clustered standard errors (at the school district level) are in parenthesis. Parameter estimates represent the 

effect of approving additional expenditures (operating, minor capital, and major capital expenditures) for 
school districts (measured in per pupil constant-2015 thousands of dollars: per year for operating and minor 
capital expenditures and per project for major capital expenditures) on the dependent variable specified for 
each panel. The effects are measured in various points after the commencement year of a new tax (𝜏 0 
represents the commencement year, 𝜏 1 represents one year after the commencement, and so on). Parameters 
in each panel represent the TOT effects using the DID-Recursive estimator based on a separate equation (17) 
(in which 𝐿 6) and a corresponding equation (18). Please see the methodology section for the list of control 
variables. The total number of observations for Panels A and B are 85,514 and 100,336 respectively. Close 
referenda used for Panel B are the referenda with vote shares between 45% and 55%. 

 
 
Table VIII. Pseudo regressions 
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Math 

proficiency rate 
(Standardized) 

Per Pupil 
Expenditure 

($2015) 

Average 
Expenditure on 

Instructional 
Staff ($2015) 

Student-
teacher 

ratio 

Attendance 
rate (%) 

Disciplinary 
actions 

(per 100 
students) 

Operating exp. -0.009 0.183 0.208 0.065 0.0006 -0.586 
(0.023) (0.133) (0.332) (0.053) (0.0006) (0.728) 

Capital exp.       
     Minor -0.020 -0.282 0.998 0.148 -0.0007 1.177 

(0.088) (0.352) (1.475) (0.270) (0.0018) (1.638) 
       

     Major -0.002 0.001 -0.048 -0.001 ≅ 0 -0.027 
(0.004) (0.011) (0.049) (0.008) (0.0001) (0.126) 

Number of 
Observations 

10295 8616 8616 8562 4062 4062 

Notes: Clustered standard errors (at the school district level) are in parenthesis. All parameter estimates are pseudo 
effects estimated in DID models in which observations for two years prior to a referendum (𝜏 2) is 
considered as pretreatment period and observations related to one-year prior to a referendum (𝜏 1) is 
considered as posttreatment period. The data is limited to only these two periods. Parameter estimates represent 
the (placebo) effect of approving additional expenditures (operating, minor capital, and major capital 
expenditures) for school districts (measured in per pupil constant-2015 thousands of dollars: per year for 
operating and minor capital expenditures and per project for major capital expenditures) on the dependent 
variable specified in each column. The model has a similar structure and covariates as equation (9). Please see 
the methodology section for the list of control variables. 
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Table IX. The differential Impact of approving various types of additional funding on the 
school district level standardized math proficiency rate of students who are subject to the 
Ohio high school graduation tests who live in high vs. low poverty districts 

Approved type 
of expenditure 

         Years relative to the commencement year of a tax measure (𝜏) 
𝜏 0 𝜏 1 𝜏 2 𝜏 3 𝜏 4 𝜏 5 

Panel A. Higher poverty 
 

Operating exp. 0.037 0.123 0.102 0.187 0.123 0.044 
(0.064) (0.070) (0.075) (0.077) (0.075) (0.085) 

Capital exp.       
     Minor -0.537 -0.105 -0.018 -0.165 -0.454 -0.025 

(0.262) (0.268) (0.290) (0.278) (0.366) (0.360) 
       

     Major 0.002 0.004 0.010 ≅ 0 0.011 0.006 
(0.006) (0.008) (0.007) (0.008) (0.009) (0.008) 

 
Panel B. Lower Poverty 

Operating exp. 0.024 0.026 0.011 0.026 0.026 0.034 
(0.023) (0.023) (0.022) (0.025) (0.019) (0.021) 

Capital exp.       
     Minor 0.001 -0.040 0.021 0.008 -0.032 -0.003 

(0.047) (0.088) (0.059) (0.072) (0.077) (0.065) 
       
     Major ≅ 0 -0.003 -0.007 -0.002 -0.013 -0.008 

(0.004) (0.004) (0.004) (0.005) (0.005) (0.004) 
Notes: Clustered standard errors (at the school district level) are in parenthesis. Parameter estimates represent the 

effect of approving additional expenditures (operating, minor capital, and major capital expenditures) for 
school districts (measured in per pupil constant-2015 thousands of dollars: per year for operating and minor 
capital expenditures and per project for major capital expenditures) on the school district level standardized 
math proficiency rate of students who are subject to the Ohio high school graduation tests. The effects are 
measured in various points after the commencement year of a new tax (𝜏 0 represents the commencement 
year, 𝜏 1 represents one year after the commencement, and so on). Parameters in each panel represent the 
TOT effects using the DID-Recursive estimator based on a separate equation (17) (in which 𝐿 6) and a 
corresponding equation (18). Please see the methodology section for the list of control variables. The total 
number of observations for Panels A and B are 169,558 and 176,400 respectively. Panel A (B) values are 
estimated using only the portion of data that belongs to the school districts with top (bottom) 30% poverty rates 
among children living in that school district in 1995, i.e. about 180 school districts. About 73% (70%) of these 
school districts are still in the same group in 2015. 

 


