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Abstract

In 2010 and 2011, the School Improvement Grant (SIG) program gave some of

the United States’ lowest performing public schools thousands of dollars per-student,

accompanied by an overhaul of governance and faculty. In this paper I evaluate the

SIG program’s effectiveness at improving rates of testing proficiency (attaining a

passing grade or higher) at low-performing elementary and middle schools. I show

that SIG increased rates of math proficiency on state standardized tests by 11.4%

(up 4.2 - 5.0 percentage points, from a baseline of 40.2%), and increased rates of

reading proficiency on state standardized tests by 9.5% (up 3.7 - 4.0 percentage

points, from a baseline of 39.4%). I estimate marginal and cumulative effects of

SIG dollars on schools’ testing proficiency, showing that a major factor determining

SIG’s effectiveness was funding intensity (dollars per-pupil received by schools).

Additionally, I analyze school district finances to show that SIG funds fully passed

through into school expenditures, meaning that SIG did not displace or otherwise

impact other sources of school funding.
∗Much thanks to Lesley Turner, Christopher Carpenter, Andrea Moro, and the faculty of the

Vanderbilt University Department of Economics for their helpful feedback and advice in writing this

paper.
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1 Introduction

An extensive literature documents the effect of school resources on students’ academic

success, establishing that smaller class sizes (Krueger, 1999; Angrist and Lavy, 1999;

Hoxby, 2000; Krueger and Whitmore, 2001; Chetty et al., 2011) and school spending

(Cellini, Ferreira, and Rothstein, 2010; Martorell, Stange, and McFarlin, 2016; Hong and

Zimmer, 2016) can produce meaningful improvements in student outcomes. However,

spending alone may not necessarily improve educational outcomes (Hanushek and Lind-

seth, 2003; 2009).1 These findings highlight the fact that increases in school funding have

the potential to be effective policy tools for improving schools, but that the effectiveness

of such funding is not guaranteed, and that school funding increases do not always lead

to school improvements.

I contribute to this literature by evaluating the School Improvement Grant (SIG) pro-

gram, which in 2010 and 2011 provided a temporary funding increase to low-performing

public schools accompanied by an overhaul of these schools’ faculty and governance.

Using a differences in differences design that leverages school-by-year variation in SIG

receipt across SIG-eligible elementary and middle schools, I find that SIG increased the

percent of students achieving a passing grade (attained a score of proficient or higher) on

their state’s math and reading standardized tests by 4.2 - 5.0 percentage points and 3.7 -

4.0 percentage points respectively, up from a baseline of about 40% of students scoring

at-or-above proficient on these tests. I show that SIG effectiveness was dependent on

per-pupil SIG funding, that SIG led to no significant gains in testing proficiency when

per-pupil funding was low, and that SIG interventions with sufficiently small awards (less
1Hanushek and Lindseth note that the United States’ real per-pupil educational expenditures more

than tripled over the four decades preceding 2005, but that these spending increases were accompanied
by no increase in American students’ educational outcomes (test scores, graduation rates) relative to
students in other developed countries (Hanushek and Lindseth, 2009). Furthermore, Hanushek argues
that increases in per-pupil spending, when not accompanied by policies that tie student outcomes to
teacher and administrator incentives, have largely been policy failures, and that little data are available
(little data were available when Hanushek published his 2003 paper) on the success of monetary transfers
to schools when such transfers are accompanied by incentive programs (Hanushek, 2003).
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than $2,000 per-pupil) may have even negatively impacted recipient schools (see Figure

8). I also show that the effect of SIG funding exhibited diminishing marginal returns,

with the marginal effect of an additional SIG dollar being indistinguishable from 0 for

SIG awards in excess of about $10,000 per-pupil (shown in Figure 9). My findings on the

relationship between per-pupil funding and SIG effectiveness contextualize my results in

light of the federal government’s evaluation of SIG, Dragoset et al. (2017), which finds no

significant impact of SIG on schools’ academic outcomes, but which estimates its results

over a set of schools with relatively little per-pupil funding compared to schools in my

analysis.

Regarding the cost-effectiveness of the SIG program, an average SIG-receiving school

in my analysis saw an increase in testing proficiency of 0.04σ - 0.05σ (σ denoting stan-

dard deviations of testing proficiency, i.e. normalized testing proficiency) per $1,000 of

per-pupil funding. I find that SIG was most cost-effective among schools whose funding

fell in the middle tercile of per-pupil funding ($3,600 - $7,000 per-pupil), with schools in

the first tercile seeing no appreciable gains at all, and schools in the third tercile seeing

only slightly larger gains in testing proficiency than schools in the second tercile. Among

these second tercile schools, I find that SIG increased testing proficiency by an average of

0.07σ - 0.10σ per $1,000 of per-pupil spending. As a point of reference, Hong & Zimmer

(2016) estimate the impact of a completely different kind of school spending increase

(capital expenditures) on schools’ testing proficiency and find an increase of 0.08σ per

$1,000 of per-pupil spending.

Dragoset et al. (2017) and this paper are the only papers known to this author that

attempt to evaluate the effectiveness of SIG over a sample of schools from across the

country. However, existing work has evaluated SIG in smaller, local contexts. Carlson &

Lavertu (2018) uses a regression discontinuity design to show that among Ohio schools,

SIG receipt improved math and reading scores by 0.2 standard deviations on average.

Sun, Penner & Loeb (2017) utilize a school-by-year differences in differences design
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limited to schools in San Francisco, finding that SIG significantly improved test scores

at schools in San Francisco. LiCalsi et al. (2015) use a student-by-year differences in

differences design on student-level testing data from Massachusetts, finding that SIG

led to robust gains in student test scores in that state. Dee (2012) utilizes a regression

discontinuity design at the school-by-year level in California to find that SIG improved

school performance in that state.

In contrast to the papers above that find SIG to have been effective in one or a

handful of states, Dragoset et al. (2017) uses a student-by-year regression discontinuity

design on data from 260 SIG-receiving schools across 22 states to find that SIG receipt is

not significantly associated with improvements in student outcomes. Sun, Penner & Loeb

(2017), and Carlson & Lavertu (2018) both argue that the findings of Dragoset et al.

(2017) may differ from their own because schools in different states may have implemented

SIG interventions in less effective ways than schools in the states they examine, resulting

in null estimates of SIG’s national effectiveness. I contribute to the ongoing discussion

surrounding SIG’s effectiveness by showing, in contrast to Dragoset et al. (2017)’s federal

evaluation of the SIG program, that SIG was effective at improving testing outcomes

when examining schools across the country (my analysis uses 368 SIG-receiving schools

across 38 states). My findings likely differ from Dragoset et al. (2017) because Dragoset

et al. (2017)’s regression discontinuity design limits their analysis to schools clustered

around the threshold for SIG eligibility, which also tended to be schools that received

smaller SIG awards than typical schools meeting SIG’s primary eligibility criteria.2

My analysis utilizes more schools, and examines a wider geographic scope of data (i.e.

data come from more states than any other analysis) than any other study evaluating

SIG, affording my analysis a high degree of external validity relative to existing papers.

I am able to run an analysis with wider geographic coverage than previous evaluations
2The average school in Dragoset et al. (2017) had received slightly more than $4,000 of SIG funding

per-pupil, while the average school in my analysis received $6,100 of SIG funding per-pupil.

4



of SIG because I leverage a metric of school achievement that is available over a much

larger group of schools. Existing evaluations of SIG to date have used average test

scores as the outcome measure of interest for assessing SIG’s effectiveness. However, a

downside of this is that test score data are available over very limited sets of schools and

school years in comparison to the metric I use in this paper - school-level proficiency

rates, which measure the percent of students at a school that attained a score on their

state’s annual standardized test that was considered proficient or higher by their State

Education Agency. The advantage of examining proficiency rates over test scores is

that data on proficiency rates are available from the Department of Education’s (DoE)

EDFacts dataset from schools across the country. However, a drawback of EDFacts is

that it only includes two to three years of pre-treatment data. Because of this, I run

a parallel analysis on testing proficiency data with nearly a decade of pre-treatment

observations gathered from the State Education Agencies of California and Massachusetts.

Thus, this paper includes two analyses. The first analysis evaluates SIG’s effectiveness at

elementary and middle schools in California and Massachusetts, where available data

afford me with a large span of years. The second analysis utilizes data from EDFacts to

evaluate SIG’s effectiveness at elementary and middle schools across the country (schools

across 38 states), where the span of available years is more limited, but the geographic

scope of data is expansive.

1.1 Background on The SIG Program

The SIG program was established in 2001 by Title I section 1003(g) of the Elementary

and Secondary Education Act, distributing approximately $500 million of annual formula-

based grants to schools across the country. Local education agencies (school districts)

apply for SIG on behalf of schools in their district. A school district may receive SIG

based on their application, which includes a plan of implementation for how the school dis-

trict’s grant funding will be distributed and spent among each of their SIG-eligible schools.
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A school is eligible for SIG receipt if it is (1) eligible to receive Title I aid (i.e.

has a relatively high proportion of students residing in econoically disadvantaged, low

socio-economic status households), and (2) falls within the bottom 5%-performing of all

Title-I-eligible schools in their state.3 The definition of “bottom 5% performing” varies

across states (in most cases this metric is the average of the past 3 years of schools’

standardized test scores, but in some cases states average over a different number of

years, or use metrics other than test scores, such as Adequate Yearly Progress).

If a school receives SIG, it is awarded a temporary increase in funding (an average

SIG-receiving school in my analysis received $6.1 thousand dollars per-pupil) which

is usually distributed in regular installments over a three-year period. In addition to

receiving an increase in funding, SIG-receiving schools are required to undergo one of four

school-level interventions (though in practice only two of these interventions were widely

implemented), which would require schools to overhaul their school governance and fac-

ulty, resulting in the replacement of the principal in most cases and the replacement of at

least 50% of teaching staff in about a quarter of cases. These interventions were called the

Transformation Model (replace principal, identify student needs, implement significant

instructional reform based on these needs, develop new systems of evaluation that take

student progress into account and are tied to real personnel decisions i.e. hiring/firing

of teachers & administrators), the Turnaround Model (all of the requirements of the

Transformation Model, and replace 50% or more of current teaching staff), the Restart

Model (convert school into a charter school), and the School Closure Model (close school

and move students to other schools in the district).4

In 2009, with the passage of the American Recovery and Reinvestment Act, the US

Department of Education received an unprecedented, one-time increase in funding of $3
3Technically, schools that meet eligibility criterion (1), but not (2), are still eligible to receive SIG.

However, SIG funds are explicitly prioritized for schools that meet both eligibility criteria (1) and (2),
and in practice over 94% of SIG funds in cohorts 1 and 2 were distributed to schools that met both (1)
and (2). For this reason, I focus my analysis on schools that met criteria (1) and (2).

4School Closure Model was implemented in fewer than 1% of SIG-receiving schools.
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billion for the SIG program, which was distributed to SIG-eligible schools in two waves

over the 2010-2011 through 2013-2014 school years. The first wave, called “cohort 1,” was

distributed over the years 2010-2013. The second wave, called “cohort 2,” was distributed

over the years 2011-2014. In this paper, I utilize data on SIG receipt, eligibility, and

grant award amounts from schools in SIG cohorts 1 and 2 to show that SIG was effective

at improving testing proficiency in these schools. Although later cohorts of schools

continued to receive SIG grants after cohorts 1 and 2, data from these schools are highly

limited in such a way that makes my school-by-year differences-in-differences methodology

impossible for these schools. Hence, for data limitation reasons, I focus my analysis on

the effectiveness of SIG in cohorts 1 and 2.

2 Data

Data on schools that received School Improvement Grants (grant dollar amounts, per-

pupil amounts, SIG intervention model implemented) are available from U.S. Department

of Education (2018), which links State Education Agency reports on SIG awarded to

schools in SIG cohorts 1 and 2. My primary analysis focuses on elementary and middle

schools in DoE (2018) that were highly eligible for SIG (i.e. met both SIG eligibility

criteria (1) and (2) noted in the second paragraph of section 1.1) in either SIG cohort

1 or 2. DoE (2018) reports that some schools’ SIG funding could be altered after SIG

rollout had already begun (eg. if a State Education Agency made continuation of funding

dependent on future measures of school performance). DoE (2018) identifies which

schools allowed SIG funding alteration, and data from all such schools are dropped

from this paper’s analysis due to concerns about endogeneity of funding amount and

SIG effectiveness.5 Thus, all schools used in this paper’s analysis were assigned a grant
5Wherever later SIG funding was made contingent upon school performance after initial receipt of

SIG funds, the dollar amount is not even observed in DoE (2018) because data on total SIG awards
reported in DoE (2018) were gathered in the first year after initial SIG rollout (i.e. data were gathered
in 2011 for cohort 1, and in 2012 for cohort 2). Hence, total grant amounts for schools whose awards
were to be contingent upon later performance were not yet determined at the time that DoE’s data were
gathered, and are reported as missing values. As noted in the main body of the text, these schools are
excluded from this paper’s analysis.
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amount based purely on information available before receipt of that grant. Note that no

schools in my analysis received SIG in both cohorts 1 and 2.

For measures of school performance on standardized tests, I link data on SIG receipt

with school-level proficiency rates from the U.S. Department of Education’s EDFacts

datasets, which provide the percent of students scoring proficient on their state’s stan-

dardized tests in math and reading at the school-by-year level beginning in the 09/10

school year for math proficiency and the 08/09 school year for reading proficiency. I

eliminate schools from my analysis that have no pretreatment data on math or reading

proficiency in EDFacts. I also eliminate schools that are located in states whose standard-

ized tests completely changed during the first year of SIG rollout, making test scores and

proficiency rates before and after SIG rollout not comparable to one another (there were

three such states: TX, OR, MI). Finally, 31 schools that adopted unusual intervention

models (Restart Model, School Closure Model) were also dropped from the analysis

due to the fact that there were too few schools that adopted these intervention types

to make achievable an assessment of these interventions’ effectiveness. After dropping

these schools, I am left with a sample of 782 schools across 38 states, 368 of which

received a SIG award.6 Summary statistics for these schools can be found in Table 1,

which compares schools that received SIG to those that did. In the appendix, Table A1

compares SIG-receiving schools across terciles of how many per-pupil SIG dollars each

school received.

In addition to math and reading proficiency rates from EDFacts, I also link math

and reading proficiency rates gathered separately from the state education agencies of

California and Massachusetts, which have data on math and reading proficiency rates

at the school-by-year level extending as far back as the 02/03 and 01/02 school years

respectively. These data help establish that, at least in these two states, no pretrends in

math or reading scores exist that are associated with SIG receipt. Tables A2 and A3
6Estimates of main results without these restrictions are included in the Appendix.
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report summary statistics for schools in the CA + MA subset analysis.

From the National Center for Education Statistics’ Common Core of Data (CCD),

I link school-by-year data on enrollment, teacher counts, student demographics, and

number of free/reduced-price lunch eligible students, as well as district-by-year data on

school finances (categorized expenditures and revenues). For a map of the United States

overlaid with of all of the schools used in this paper’s analysis, see Figure A1.

Table 1: Summary Statistics, Analysis Schools

Awarded SIG No SIG
Obs. Mean SD Obs. Mean SD

Panel A
Baseline Characteristic
% Students Math Proficient 368 40.2 18.0 414 40.6 16.4
% Students Reading Proficient 368 39.4 17.3 414 42 16.2
Math Prof. (Standardized) 368 -1.9 0.94 414 -1.8 0.90
Reading Prof. (Standardized) 368 -2.0 0.82 414 -1.8 0.74
Enrollment 368 457 212 414 465 248
Classroom Teachers 368 31.4 14.0 414 31.4 16.2
Student-Teacher Ratio 368 15.6 9.3 414 16.0 10.9
% Non-Hispanic White 368 17.1 25.9 414 18.6 24.8
% Free/Red. Price Lunch Elig. 368 83.3 13.6 414 80.3 16.1

Panel B
School Type
Elem. School (Dummy) 368 0.36 0.48 414 0.24 0.43
Middle School (Dummy) 368 0.34 0.48 414 0.39 0.49
Elem./Middle School (Dummy) 368 0.30 0.46 414 0.37 0.48

Panel C
SIG Characteristics
Per-School SIG Dollars Awarded 368 $2.4 M $1.4 M 414 $0 $0
Per-Pupil SIG Dollars Awarded 368 $6.1 K $4.3 K 414 $0 $0
Cohort 1 (Dummy) 368 0.67 0.47 414 0.56 0.29
Cohort 2 (Dummy) 368 0.33 0.47 414 0.44 0.29
Turnaround Model (Dummy) 368 0.26 0.44 414 0 0
Transformation Model (Dummy) 368 0.74 0.44 414 0 0

Notes: Baseline characteristics for each school were calculated by taking school-level averages over the
five years preceding initial SIG receipt. Standardized math and reading proficiencies are z-scores, by

state and school type. M denotes millions of dollars; K denotes thousands. Note that enrollment reports
the number of students enrolled between grades 3 and 8 (i.e. total enrollment in age groups that take
standardized tests), whereas student/teacher ratios and SIG per-pupil report quantities that are divided

by total school enrollment which includes students in grades below grade 3.
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3 Empirical Analysis

3.1 Comparison of Mean Proficiency Rates

Even when examining raw means of proficiency rates over time at treated versus control

schools, there is a clear suggestion of SIG effectiveness. In California and Massachusetts,

where the observable time horizon of my data is greatest, plotting averages of math and

reading proficiency rates (normalized by state, year, and grade level) at treated versus

control schools yields Figure 1. Figure 1 clearly shows that mean proficiency rates at

SIG-receiving schools increased relative to SIG-non-receiving schools in CA and MA

when SIG rollout occurred. For a discussion of my normalization of proficiency rates,

see Appendix section 8.1. For figures that plot mean proficiency rates in California and

Massachusetts that have not been normalized, and that do not pool together observations

from both states, see Figures A2 - A4 which again suggest that SIG was effective.

Figure 1: In the CA + MA Combined Sample, Mean Proficiency Rates at SIG-Receiving
Schools Improved Relative to Schools That Did Not Receive SIG

Notes: Only years where data were available in both states are plotted (hence the
exclusion of 2013 and 2015, which are missing in CA and MA, respectively).

To address the concern that attrition is driving the trends seen in Figure 1, I also

provide Figures A6, A7, and A8, which plot mean proficiency rates only from schools

that did not attrit from the data through to 2018. These figures confirm that, even
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when attriting schools are eliminated from the data, a divergence of proficiency rates

among SIG-receiving and SIG-non-receiving schools beginning exactly at the rollout of

SIG remains clear.

Means from the EDFacts (national) data, which include observations from 38 states

(including DC) tell the same story as that seen in California and Massachusetts (albeit

with a limited number of pre-treatment periods), that SIG-receiving schools’ math and

reading proficiency rates increased relative to SIG non-receiving schools. Figure 2 shows

mean proficiency rates in the EDFacts data, by SIG receipt.

Figure 2: Nationally, Mean Math & Reading Proficiency at SIG-Receiving Schools
Improved Relative to Schools That Did Not Receive SIG

3.2 Estimation Strategy

In this section I lay out my strategy for estimating the causal effect of SIG on schools’

proficiency rates in math and reading. To do this, I utilize a school-by-year stacked differ-

ences in differences design7 (as well as stacked event studies) based on Goodman-Bacon

(2018) and Deshpande & Li (2019). The following equation describes this paper’s main

school-level differences in differences specification (1) and event study specification (2):
7The results of my analysis are not meaningfully different when a basic differences in differences

approach (without stacking) is opted-for.
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Yist = µis + µts + β(post)t × (Rec. SIG)i + δXist + εist (1)

Yist = µis + µts +
∑
τ ̸=−1

βτSIGi × 1{τ = T}+ δXist + εist (2)

where Yist is the outcome of interest at school i in stack s in treatment year t (treat-

ment year differs from calendar year because cohort 1 schools received SIG beginning

in 2010-2011, whereas cohort 2 schools received SIG beginning in 2011-2012). µis are

school-by-stack fixed effects, and control for level differences between schools that are

invariate across years. µts are treatment-year-by-stack fixed effects and control for

level differences between outcomes across treatment years that are invariate across

schools. δXist denote other controls, which vary depending on the specification being

estimated, but variously include state-by-year fixed effects, school-level-by-year fixed

effects (school-level is a dummy that can take one of three values depending on if a

school is an elementary school, middle school, or a mixed elementary/middle school), and

state-by-school-level-by-year fixed effects, all of which are designed to control for shifts in

state testing regimes, which largely occur at the state-by-year level, but sometimes occur

only for cetain grade levels in certain states (i.e. at the state-by-school-level-by-year level).

A key assumption of my estimation strategy is that, in absence of SIG receipt, SIG-

receiving and non-SIG-receiving schools’ proficiency rates would have evolved in parallel

with one another in the years following SIG receipt. More precisely, in order for my

identification strategy to be unbiased, it must be assumed that after controlling for level

differences between treated and control schools with fixed effects, the proficiency rates of

control schools provide an unbiased estimate of what proficiency rates at treated schools

would have been in absence of SIG receipt. Furthermore, in order for my school-level

results to be applicable at the student level (i.e. in order for my results to identify the

impact of SIG on the probability of a given student scoring proficient, if that student’s

learning environment is treated with the same intervention as SIG-receiving schools in

the treated group), then it must also be assumed that differential student sorting did
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not occur at SIG-receiving versus SIG-non-receiving schools in any way that impacted

proficiency rates at those schools.

Potentially likely scenarios that could challenge the validity of my research design are

if (i) financial spillovers of SIG impacted non-SIG sources of funding at treated schools

(ii) financial spillovers occurred that impacted resources at control schools, as would

be most likely in situations where control schools were located in school districts that

received SIG, or (iii) where differential student sorting occurred at treated or control

schools as a result of SIG, especially in the first year of treatment.

To address (i) and (ii), I first show that at the level of the school district, SIG passed

through into total district revenues and expenditures at rates that suggest dollar-for-dollar

pass-through. The results of my estimations over district finances indicate that SIG

receipt led to an increase in school districts’ revenues and expenditures nearly identical

to the amount of SIG funding received, indicating that SIG receipt did not significantly

impact other sources of district finances. Thus, any potentially likely instances of (i)

and (ii) are limited to changes in resources within districts, not across them, such as

could happen if SIG receipt induced district administrators to alter the allocation of

district resources between in-district schools. To address the possibility of within-district

spillovers, I first show that my event study results are robust to the exclusion of all control

schools located within SIG-receiving districts, and additionally show that with regards

to the only measure of school-level capital that I observe (total number of teachers)

control schools in SIG-receiving districts saw no change relative to control schools in

SIG-non-receiving districts.

To address (iii) beyond the comparison of means graphs that I have already shown, I

run my preferred event study specification on student enrollment, and on enrollment shares

by race and FRLE status to show that no immediate change in student characteristics

occurred at treated schools relative to control schools.
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3.3 Estimation of SIG’s Impact on School-Level Outcomes

First, in Table 2 I show estimates of β from equation (1) run on proficiency rates in the

EDFacts sample where the only post-treatment period used is the first year immediately

following the final year of SIG funding received by each school. Table 2 shows that

immediately following SIG-receipt, schools that received SIG saw gains in math and

reading proficiency relative to SIG-eligible schools that did not receive SIG. These results

are similar to those from the California & Massachusetts SEA sample (shown in Table

A4), though results for math scores in the national sample (Table 2) are slightly more

modest than those in the California & Massachusetts subset.

Z-score results in Table 2 show estimated impacts of SIG on standardized testing

proficiency, and must be multiplied by the relevant standard deviations to be interpreted

in terms of percentage points. In the case of the observations used to estimate Table

2, the standard deviations are 14.8 percentage points for math proficiency, and 14.3

percentage points for reading proficiency. So, in Table 2’s row 3 where the estimated

impact of SIG on proficiency z-scores in math range from 0.28 to 0.29 standard deviations,

this can be interpreted as the average SIG-receiving school seeing a short-run increase

in math proficiency of 4.1 to 4.3 percentage points. In row 5, where reading z-scores

increased by an estimated 0.24 - 0.26 standard deviations, this can be interpreted as the

average SIG-receiving school seeing a short-run increase in reading proficiency of 3.4 -

3.7 percentage points.

The estimates shown in Table 2 (and in Table A4) show that school-level testing

proficiency increased at SIG-receiving schools relative to SIG-non-receiving schools dur-

ing the years of SIG rollout, and this increase remains robust after controlling for level

differences between schools,school years, school years by state, and school years by school

level.
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Table 2: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency at Elementary & Middle
Schools Nationally

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 4.88*** 4.95*** 4.17***
(1.219) (1.226) (1.172)

N 2,344 2,344 2,344

Reading % Proficient 3.69*** 3.97*** 3.72***
(0.875) (0.882) (0.872)

N 3,641 3,641 3,641

Math % Prof. (Z-Score) 0.28*** 0.29*** 0.28***
(0.084) (0.084) (0.084)

N 2,344 2,344 2,344

Math % Prof. (Pctile. Rank) 4.9*** 5.22*** 4.61***
(1.57) (1.604) (1.725)

N 2,344 2,344 2,344

Reading % Prof. (Z-Score) 0.24*** 0.25*** 0.26***
(0.063) (0.064) (0.066)

N 3,641 3,641 3,641

Reading % Prof. (Pctile. Rank) 2.1** 2.28** 2.53**
(1.068) (1.069) (1.16)

N 3,641 3,641 3,641
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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Table 3 shows the estimated impact of SIG on other school characteristics of schools

in the national sample (number of math/reading proficient students, percent non-hispanic

white, percent FRLE, total enrollment, total teachers), and confirms that the number of

teachers, and number of math and reading proficient students increased at SIG-receiving

schools, whereas other school characteristics did not change.

The results shown in Table 3 indicate that SIG receipt led to a 17 - 18 percentage

point increase in the number of math-proficient students, and 17 percentage point increase

in the number of reading-proficient students at SIG receiving schools, relative to control

schools. The coefficients shown on total teachers indicate that SIG-receiving schools saw,

on average, an increase of 2.41 - 3.15 teachers. Estimates on all other coefficients are

insignificant. Estimates on class size are available but are not shown in Table 3, are not

statistically significant, though are of negative sign.

The fact that, as shown in Table 3, SIG led to a significant short-run increase in

testing proficiency and teaching staff at SIG-receiving schools, but no significant change

to enrollment characteristics over the same time period is consistent with a state of the

world in which the increases in testing proficiency that I observe at treated schools are

attributable to SIG receipt, and are causal and due to a shift in teaching resources at

SIG-receiving schools.
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Table 3: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School Characteristics

Outcome Measure Specification

(1) (2) (3)

Math Prof. Students (log) 0.18*** 0.17*** 0.17***
(0.04) (0.04) (0.04)

N 2,344 2,344 2,344

Reading Prof. Students (log) 0.17*** 0.17*** 0.17***
(0.033) (0.034) (0.036)

N 2,344 2,344 2,344

Enrollment (log) 0.02 0.01 0.04
(0.035) (0.037) (0.039)

N 2,344 2,344 2,344

Teachers 2.41*** 2.5*** 3.15***
(0.842) (0.806) (0.922)

N 4,286 4,286 4,286

% Non-Hisp. White -.29 -.31 -.09
(0.411) (0.413) (0.438)

N 3,127 3,127 3,127

% FRLE -.02 0.02 0.5700
(1.082) (1.112) (1.203)

N 3,147 3,147 3,147
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: To make results on number of math, reading, and total students comparable, observations of
these variables are limited to those in which observed values of both math and reading scores are
present.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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3.4 Event Study Estimation of SIG’s Impact on School-Level

Testing Proficiency

In this section I use event studies to confirm that the results of my previously shown

difference in differences estimations identify changes in proficiency rates that emerged

exactly at the time of SIG rollout, further implicating SIG as the causal factor behind

the divergence of schools’ proficiency rates. First, I estimate event study equation (2)

over raw proficiency rates in the California and Massachusetts SEA combined sample.

Since these proficiency rates are raw (i.e. not normalized or converted to percentiles),

these first estimates are comparable to those shown in Table 2’s rows 1 and 3, albeit

estimated over data from a different dataset (California and Massachusetts SEA sample

as opposed to the EDFacts national sample). My preferred specification is one that

includes state-by-year fixed effects, corresponding to the specification estimated in col-

umn (1) of Table 2 (though results are comparable under the other columns’ control

specifications). The resulting event study estimates are shown in Figure 3, which shows

that proficiency rates began increasing at treated schools exactly at the time of SIG rollout.

Figure 3: In California and Massachusetts, SIG Receipt Led to an Immediate Increase
in Math and Reading Proficiency Rates at Treated Schools, Relative to Control Schools

Notes: Since results shown in this figure are estimated over unadjusted proficiency rates, estimates are
only shown over treatment years over which comparable tests are administered in CA and MA, thus

post-treatment observations are limited to four (in CA) and five (in MA) years respectively.
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Figure 3 can be extended by using normalized proficiency rates and percentile ranks

of proficiency rates, rather than unadjusted proficiency rates. Figure A10 estimates

equation (2) again on California and Massachusetts SEA data, but using z-scores and

percentile ranks, and also shows that test scores at SIG-receiving schools discontinuously

increase at the time of SIG rollout.

Running the same event studies as shown in Figure 3, but changing the outcome

measures to percent non-hispanic white enrollment, and percent Free/Reduced Price

Lunch Eligible enrollment yields Figure 4. Note that I have kept the scale of Figure 4 the

same as Figure 3 because both are measured in the same units (percentage of students,

ranging from 0-100).

Figure 4: In California and Massachusetts, SIG Receipt Did Not Lead to Any Appre-
ciable Shift in Share White or Share FRLE Before vs. After Treatment

Running the same event studies shown in Figures 3 and 4, but over schools in the

EDFacts sample yields Figures 5 and 6, which show that all data available at the national

level are also consistent with SIG effectiveness. Figures 5 and 6 show that SIG-receiving

schools saw a sudden increase in test proficiency upon receipt of SIG interventions, and

that these schools saw no sudden shift in enrollment characteristics.
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Panel A: Math & Reading Proficiencies from EDFacts (unadjusted proficiency)

Panel B: Math & Reading Proficiencies from EDFacts (normalized to z-scores)

Panel C: Math & Reading Proficiencies from EDFacts (percentile ranks)

Figure 5: Treated Schools in the EDFacts Sample Saw Significant Gains in Math and
Reading Proficiency Relative to Control Schools
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Figure 6: Treated Schools in the EDFacts Sample Saw No Significant Shift in Share
White or FRLE Before vs. After Treatment

Event study estimates of the impact of SIG receipt on total enrollment among schools

in the CA + MA sample and schools in the EDFacts sample are included in the Appendix,

in Figure A11, showing that total enrollment remained level between treated and control

schools over the time period of my analysis. Estimating event studies on classroom

teachers yields the coefficients shown in 7, which show that teaching staff immediately

increased at treated schools relative to control schools at the onset of SIG.

Figure 7: Classroom Teachers Immediately Increased After SIG Receipt at Treated
Schools as Compared With Control Schools

The fact that teaching staff immediately increased at SIG-receiving schools, rather

than gradually over time, is an important fact to verify because this mirrors the immediate
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gains at SIG-receiving schools from my analysis on testing proficiency. If measures of

school-level resources (i.e. teaching staff in this case) changed gradually after SIG receipt

rather than immediately, this would indicate that the underlying relationship between

SIG and increased testing performance might not be causal.

The results in this section have shown that testing proficiencies and teaching resources

(number of teachers) concurrently increased at SIG-receiving schools immediately after

SIG receipt. Furthermore, the results in this section have shown that enrollment charac-

teristics did not change at treated schools immediately after SIG receipt. These findings

are consistent with SIG being effective at improving struggling schools’ test performance

by increasing teaching resources at those schools.

4 Heterogeneity of SIG Effectiveness

In this section I estimate a series of progressively more sophisticated equations over the

schools in the national (EDFacts) sample to investigate under numerous specifications

the impact that (i) per-pupil funding amount, (ii) intervention type (Turnaround vs.

Transformation) and (iii) school type (elementary school, middle school, mixed elemen-

tary/middle school) had on SIG effectiveness. My main findings in this section are shown

in Table 6 and Figures (8) and (9), which show that SIG effectiveness was positively

impacted by the amount of funding received by treated schools even after allowing for

SIG interventions’ effectiveness to vary with baseline school characteristics, and that SIG

dollars likely exhibited diminishing returns as per-pupil funding amounts increased.

Equation (1) from my primary analysis estimates the average treatment effect of SIG

receipt on treated schools, and therefore treats SIG receipt as a binary outcome. By

replacing equation (1)’s dummy variable (Rec. SIG)i with a continuous variable SIGi,

denoting school i’s per-pupil SIG funding (measured in thousands of dollars), one can

estimate the impact of SIG receipt on schools’ testing proficiencies at a given level of
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per-pupil funding. Equation (3) shows this re-specified version of equation (1).

Yist = µis + µts + β(post)t × SIGi + δXist + εist (3)

For descriptions of the variables in (3), see equation (1). In an ideal setting, equation

(3)’s coefficient of interest β estimates the impact on school-level testing proficiency Y of

receiving a SIG intervention that is accompanied by SIGi dollars of per-pupil funding.

However, I caution the reader not to interpret estimates from (3) in the way described

in the previous sentence because in order for β to measure the causal impact of a SIG

intervention at a given per-pupil funding level, one must make the strong assumption

(in addition to all of equation (1)’s required assumptions) that among treated schools,

per-pupil SIG funding was exogenous to schools’ ability to effectively implement a SIG

intervention. If, for example, schools which were more or less capable of implementing

effective SIG interventions also tended to receive greater per-pupil funding, then the esti-

mates from equation (3) would provide biased estimates of SIG’s effectiveness at a given

funding level. Rather than being interpreted as causal, the resulting estimates of equation

(3) should be thought-of as purely descriptive - i.e. the purpose of estimating equation

(3) is merely to establish that the sign of the coefficient of interest β is positive, meaning

that higher per-pupil funding amounts correlate, in general, with greater SIG effectiveness.

Estimating equation (3) under various control specifications, Xist, over short-term

math and reading proficiency rates (post-treatment observations limited to the year

immediately following final year of SIG receipt; preferred specification of z-scores is used

here) in the EDFacts sample yields the estimates shown in Table 4.
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Table 4: Differences in Differences Estimations of the Association of $1,000 of Per-Pupil
SIG Receipt With Changes to School-Level Testing Proficiency at Elementary & Middle
Schools Nationally

Outcome Measure Specification

(1) (2) (3)

Math % Proficient (z-score) 0.034*** 0.034*** 0.033***
(0.009) (0.009) (0.007)

N 2,344 2,344 2,344

Reading % Proficient (z-score) 0.024*** 0.024*** 0.024***
(0.008) (0.008) (0.008)

N 3,048 3,048 3,048
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.

The results in Table 4 show that the average treated school saw an increase in math

proficiency of 0.034 standard deviations per $1,000 of per-pupil SIG received, and an

increase in reading proficiency of 0.024 standard deviations per $1,000 of per-pupil SIG

received. Scaling these estimates from z-scores to percentage points by multiplying by

the relevant standard deviations yields the following estimates: treated schools saw a

marginal increase in percent of students proficient in math of 0.5 percentage points, and

a marginal increase in percent of students proficient in reading of 0.35 percentage points

per $1,000 of per-pupil SIG funding received. However, these results are descriptive and

should not be interpreted causally.

Table 4’s results assume that the association between SIG effectiveness and SIG

per-pupil funding is linear. Below, I re-estimate my preferred specification of equation
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(3) from Table 4 (state-by-year-by-school-level fixed effects, estimates shown in Table 4’s

column 3) with the addition of two additional regressors, (SIGi)
2 and (SIGi)

3 which

allow the relationship between SIG per-pupil funding and SIG effectiveness to be nonlinear

(i.e. can be approximated by a third-degree polynomial).

Table 5: Differences in Differences Estimations of the (Nonlinear) Association of $1,000
of Per-Pupil SIG Receipt With Changes to School-Level Testing Proficiency at Elementary
& Middle Schools Nationally

Outcome Measure Estimated Coeff. on Regressor

SIGi (SIGi)
2 (SIGi)

3

Math % Proficient (z-score) 0.0995** -0.011 0.0001
(0.017) (0.009) (0.0002)

N 2,344

Reading % Proficient (z-score) 0.102*** -0.008** 0.0001
(0.030) (0.003) (0.0001)

N 3,048

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.

The results for reading in Table 5 indicate that the relationship between SIG effective-

ness and SIG per-pupil funding amount is a nonlinear one, meaning equation (3)’s results

are likely imprecise in addition to potentially biased. The lack of significance of the higher

power terms for the math results in Table 5 do not imply linearity between SIG funding

and SIG impact on math outcomes. Re-estimating Table 5’s math results, but only using

a quadratic of SIG rather than a cubic results in two highly significant coefficients of

0.169 and -0.006 on the terms SIGi and (SIGi)
2 respectively, both significant at the

99% level. Equation (3) not only relies on the assumption that the relationship between

SIG per-pupil funding and SIG effectiveness is linear (which Table 5 shows to be false),
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but equation (3) is likely also biased by underlying heterogeneities that co-varied with

amounts of per-pupil SIG funding schools received. I now attempt to lessen the problems

inherent in equation (3) by (i) including squared and cubed terms of SIGi, and (ii)

including control variables that account for heterogeneity of SIG effectiveness across

baseline school characteristics and SIG intervention types. The resulting equation is

shown below.

Yist = µis+µts+β (Rec. SIG)i×(post)t×
(
SIGi (SIGi)

2 (SIGi)
3 Bi

)
+δXist+εit (4)

Bi denotes measures of baseline characteristics at school i: logged total enrollment,

percent non-hispanic white, percent FRLE, logged student-teacher ratio, school level

(elementary school, middle school, mixed elementary/middle school), baseline proficiency

rate, school urbanicity, and the census region location of the school. In addition to base-

line characteristics, Bi also includes a dummy variable indicating which SIG intervention

model school i implemented (Transformation or Turnaround Model) to allow for hetero-

geneity in intervention model effectiveness. Interacting Bi with (Rec. SIG)i × (post)t

allows for heterogeneity of SIG effectiveness across these baseline characteristics. Note

that in equation (4), the term β no longer denotes a scalar, but instead a vector of

coefficients that apply to SIGi, (SIGi)
2, (SIGi)

3, and Bi.

The coefficients β in equation (4) estimate the impact of SIG receipt on treated schools’

testing proficiencies at a given level of SIG funding. If the coefficients in equation (4) are

to be interpreted as causal, then in addition to the assumptions required for equation

(1)’s validity, one must assume that any differences across schools that impacted SIG

intervention effectiveness is sufficiently proxied by observed controls Bi. The estimated

coefficients on terms SIGi, (SIGi)
2, (SIGi)

3 are shown in Table 6.
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Table 6: Differences in Differences Estimations of the (Nonlinear) Association of $1,000
of Per-Pupil SIG Receipt With Changes to School-Level Testing Proficiency at Elementary
& Middle Schools Nationally, Allowing for Heterogeneity of SIG Effectiveness Across
Baseline School Characteristics

Outcome Measure Estimated Coeff. on Regressor

SIGi (SIGi)
2 (SIGi)

3

Math % Proficient (z-score) 0.218** -0.011 0.0002
(0.042) (0.010) (0.0003)

N 2,336

Reading % Proficient (z-score) 0.188** -0.013* 0.0002
(0.075) (0.007) (0.0002)

N 3,036

Notes: Estimate shown are of the first three elements of β from equation (4). School size (baseline
enrollment) is taken in logs. State-by-year fixed effects are included as controls.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.

The results in Table 6 show that even after allowing SIG interventions to have het-

erogeneous effectiveness based on baseline school characteristics and intervention type

the result still holds that per-pupil SIG funding is associated with SIG effectiveness.

Although Table 6 omits the estimated coefficients on controls Bi, it should be noted that

out of these controls, baseline share white, and baseline testing proficiency consistently

produce significant coefficients at the 95% or 99% level, with baseline share white having

coefficients equal to about 0.0096, and baseline (normalized) testing proficiency having

coefficients of about -0.45 and -0.32 for math and reading respectively. The coefficient on

share white can be interpreted as implying that, on average, a SIG intervention led to

a 0.0096σ greater increase in normalized testing proficiency for each percentage point

increase in the baseline share of the student body that was white. The predicted values

from equation (4) can be used to plot cumulative and marginal effects of SIG funds on

math and reading proficiency, as well as confidence intervals for these effects, via the

methods shown by Williams (2012).
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The plots of estimated cumulative and marginal effects of SIG interventions are shown

in Figures (8) and (9). Figure (8) plots the nonlinear relationship between SIG per-pupil

funding (x-axis) and the expected cumulative impact of a SIG intervention on math and

reading proficiency (y axis, both expressed as z-scores), modeled by equation (4) and

estimated over the national EDFacts data. Figure (9) plots estimated marginal effects of

an additional $1,000 of per-pupil funding over this same dataset.

Figure 8: Estimated Cumulative Effect of a SIG Intervention on Normalized Testing
Proficiency, Conditional on Per-Pupil SIG Funding

Figure 9: Estimated Marginal Effect of a $1,000 Increase in Per-Pupil SIG Funding on
on Normalized Testing Proficiency
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4.1 Event Studies Stratified by Per-Pupil Funding Tercile

In this subsection I provide descriptive results showing event studies estimated over math

and reading proficiencies with results stratified by per-pupil funding tercile. In order to

show how gains in math and reading proficiency evolved over time at schools of different

per-pupil funding terciles, I re-specify my primary analysis’ event study equation (2) by

changing the treatment assignment dummy SIGi into three dummy variables SIGq1i,

SIGq2i and SIGq3i which denote the tercile of per-pupil SIG funding to which school i

belongs. The re-specified equation is shown below:

Yist = µis + µts +
∑
τ ̸=−1

(β1τSIGq1i β2τSIGq2i β3τSIGq3i)× 1{τ = T}+ εit (5)

In equation (5), the coefficients of interest β1, β2, and β3 estimate the amount by which

the outcome of interest Y changed at schools in per-pupil funding terciles 1, 2, and 3,

relative to control schools. For further information on the definitions of variables in

equation (5), see equation (2) and their respective descriptions. For summary statistics

of schools by tercile of per-pupil SIG funding, see Table A1. My purpose in estimating

equation (5) is to show graphically the way that SIG effectiveness varied over time at

schools of different funding amounts. However, I would caution the reader not to interpret

the coefficients from equation (5) as causal, since they do not account for underlying

heterogeneities in SIG effectiveness such as equation (4) does.

Estimating the coefficients of interest in equation (5) produces Figures 10 and 11,

which can be compared to Figures 3 and 5 from the main analysis.
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Panel A: Math & Reading Proficiencies in CA + MA (unadjusted proficiency)

Panel B: Math & Reading Proficiencies in CA + MA (normalized to z-scores)

Panel C: Math & Reading Proficiencies in CA + MA (percentile ranks)

Figure 10: In the CA + MA Sample, Gains in Math and Reading Proficiency Seen at
Treated Schools Relative to Control Schools Are Mostly Driven by Schools in the Top
Two Terciles of Per-Pupil SIG Funding
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Panel A: Math & Reading Proficiencies from EDFacts (unadjusted proficiency)

Panel B: Math & Reading Proficiencies from EDFacts (normalized to z-scores)

Panel C: Math & Reading Proficiencies from EDFacts (percentile ranks)

Figure 11: In the EDFacts Sample, Gains in Math and Reading Proficiency Seen at
Treated Schools Relative to Control Schools Are Entirely Driven by Schools in the Top
Two Terciles of Per-Pupil SIG Funding
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The descriptive results shown in Figures 11 and 10 show that SIG effectiveness co-

varied with the quantity of SIG dollars (per-pupil) received by treated schools, and that

differences between schools in the top two terciles of funding and schools in the bottom

tercile of funding gradually increased over the period of SIG rollout (treatment years 0-3).

These findings are consistent with a state of the world in which SIG had a direct positive

impact on schools’ testing proficiency rates. Furthermore, since progressively larger gains

in math and reading proficiencies are only generally observed over the years during which

SIG dollars were being spent (treatment years 0-3) and attenuate afterwards, these results

are also consistent with a state of the world in which the mechanism of SIG’s impact

on schools’ testing proficiencies was by increasing effective teaching resources at those

schools, made possible by the influx of funding and instruction-related expenditures that

accompanied SIG interventions.

5 SIG’s Impact on District-Level Finances

In this section I use district-by-year event studies to show that SIG receipt led to an im-

mediate increase in district-level revenues and expenditures proportionate to the amount

of SIG funding received in districts where treated schools were located. To do this, I

estimate equation (6) over the set of school districts containing one or more treated

schools from my main analysis.

Yit = µi + µt + µSY + δXit

∑
τ ̸=−1

βτSIGi × 1{τ = T}+ εit (6)

In equation (6), Yit denotes the outcome of interest in district i during treatment year t.

In all cases, Yit is an annual measure of per-pupil expenditures or revenues in district

i. Expenditures, revenues, and SIG awards are converted to per-pupil measures at the

district level by dividing each measure by districts’ baseline enrollment. Treatment

year differs depending on what cohort a district is coded as, which is determined by

32



the presence of any cohort 1 or 2 schools within the district. In cases where schools

of both cohorts are located in a district, the district is treated as belonging to cohort

1. SIGi denotes the total annual SIG award per-pupil received by district i over both

cohorts 1 and 2 of SIG. µt denote treatment year fixed effects. µi denote district fixed

effects. µSY denote state-by-year fixed effects. Xit denote economic controls, which

include the current local unemployment rate (at the county level) and up to two years of

lagged unemployment rate. Xit are included to control for local economic changes that

could occur differently across districts, and could potentially impact district finances.

Unemployment rates are gathered at the county-by-year level from the Federal Reserve

of St. Louis, and matched to school districts based on school districts’ county of location.

Because school district financial data report spending and revenues for given school years,

and unemployment rates are reported by calendar year, it should be noted that even

non-lagged unemployment rates that I use in my regressions represent unemployment

figures from a period beginning 6 months prior to district financial data. The estimates

produced by equation (6) show that SIG produced almost exactly a $1 shift in district

Title I revenues, and almost exactly a $1 shift in district expenditures over the same time

period over which revenues increased. Although equation (6) includes economic controls

Xit and cohort-by-year fixed effects µCY under my preferred specification, results are

robust to the exclusion of these controls.

Because SIG funding was categorized as Title I funding, I first estimate equation (6)

over annual district per-pupil Title I revenue over the 8 years before and 7 years after

SIG receipt for districts containing one or more treated schools. The resulting coefficients

are shown in Figure 12.
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Figure 12: Districts Containing Treated Schools Saw a $1 Increase in Per-Pupil Title I
Revenues Over the First 4 Treatment Years, Per $1 of Per-Pupil SIG Awarded to the
District

Notes: All district-level financial regressions were run over observations from districts whose SIG
receiving schools were schools from this paper’s analysis (i.e. elementary and middle schools in SIG
cohorts 1 and 2). Furthermore, observations from districts that received cohorts 3 or 4 SIG were

dropped because SIG funding amounts for these cohorts are not known.

Figure 12 shows the relationship between district-wide annual Title I revenue and

annual SIG awards received by districts containing one or more treated schools. Title I

revenue immediately increases during the SIG funding period, and immediately decreases

to baseline after the SIG funding period ends. SIG funding is fully distributed by the end

of treatment year 3. Note that, although SIG funding took three years to distribute in

most cases, in some cases is took four years for full funding to be received by the district.

Adding together the significant coefficients shown (i.e. coefficients over treatment years

0-3) in Figure 12 yields an estimated Title I revenue increase of 99.2 cents per $1 of total

SIG promised, which indicates that SIG fully passed-through via Title I revenues, and
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did so over treatment years 0-3.

Estimating equation (6) over annual district total expenditures yields the coefficients

seen in Figure 13.

Figure 13: District Total Expenditures Increased At A $1-For-$1 Level With Total
SIG Award Over the Period During Which SIG Funding Passed Through to Districts
(Treatment Years 0-3)

Interpreting the coefficients shown in Figure 13 in the same way as those shown in

Figure 12 (i.e. adding coefficients from treatment years 0-3 together) yields an estimated

increase of expenditures of $1.07, per $1 of awarded SIG. It should be noted that coef-

ficients for total expenditures in treatment years 4 and 5 (corresponding to 5-6 years

after SIG receipt) are of greater magnitude than than the generally null pretreatment

coefficients (though not by an amount that is significant at the 5% level, as shown by the

included confidence intervals). As shown in Figure 14, elevated coefficients in treatment
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years 4 and 5 are not observed at all for federal revenues, and are only observed in

treatment year 4 for total revenues. It may be the case that the elevated coefficients seen

on total expenditures in treatment years 4 and 5 indicate that SIG-receiving districts

increased expenditures over treatment years 4 and 5, or it may be the case that these

coefficients are not meaningful, and are the result of random variation in the data. If

the elevated coefficients seen on total expenditures over treatment years 4 and 5 are

not the result of random variation in the data, and represent a real increase seen in

SIG-receiving districts’ expenditures during the two years following the end of SIG fund-

ing, then this could bring into question the validity of estimations of SIG’s effectiveness

on long-run outcomes, since additional expenditures that coincided with SIG receipt

could place an upward bias on estimates of SIG’s effectiveness. However, even if one

interprets treatment years 4 and 5’s insignificant coefficients as meaningful, a lagged

increase in district expenditures that occurred after treatment year 3 should not have

any impact on estimates of SIG’s effectiveness through to treatment year 3, since total

expenditures increased by almost exactly $1 over this period for each SIG dollar received,

indicating that over this time period (treatment years 0-3) SIG led to no measurable

shift in district expenditures beyond the direct effect of spending of SIG dollars themselves.

Estimating the impact of SIG dollars on districts’ federal revenue (rather than just

Title I revenue), and total revenue yields estimates with wider error bars than those for

Title I revenues, but which cluster around the magnitude of $1-for-$1. The two plots seen

in Figure 14 show estimates for federal revenue (left) and total revenue (right). Inter-

preting results for federal and total revenue in the same way as done for Title I revenue

yields estimates of $0.86 and $1.24 increased federal and total revenues respectively per

$1 of SIG awarded to a district.

36



Figure 14: District Federal Revenues and Total Revenues Increased At Roughly A
Dollar-For-Dollar Level With Total SIG Award

For estimates of equation (6) run on categorized district expenditures, see figure

A12, which shows that by far the largest category of spending increase occurred in

instruction-related expenditures, which show coefficients of more than half the size of

those estimated on total expenditures. Instruction-related expenditures are defined

as “expenditures for instruction and instructional staff support services ... these are

expenditures that are directly related to providing instruction and for activities that assist

with classroom instruction. These include salaries and benefits for teachers, teaching as-

sistants, librarians and library aides, in-service teacher trainers, curriculum development,

student assessment, technology (for students but outside the classroom), and supplies and

purchased services related to these activities.” (NCES 2011) Spending data do not provide

further detail on sub-categories of spending within instruction-related expenditures.

The results provided in this section show that SIG led to an immediate increase in

per-pupil revenues and expenditures in school districts containing treated schools from

my analysis, providing plausible grounds by which SIG could directly impact testing

proficiency through increased teaching resources at treated schools. Furthermore, the

scale of the estimated coefficients shown in this section indicate that SIG-receiving

districts saw an increase in per-pupil revenues and expenditures during the years of SIG

rollout corresponding almost exactly to the amount of SIG awarded to those districts,
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meaning that district finances were not likely impacted by SIG in ways other than by

the direct impact of SIG funding on district revenues and expenditures. These results

differ from those of Gordon (2004), who uses Census updates as instruments to show

that plausibly exogenous changes to school districts’ Title I revenues in the 1990’s passed

through initially at the $1-for-$1 level, but eventually was almost fully crowded out by

the end of three years. However, where Gordon (2004) examines permanent shifts in

Title I revenue formulae, my analysis examines temporary, lump-sum transfers of Title I

funds to school districts, which school district administrators may have plausibly viewed

as different from permanent increases in such ways as made them less susceptible to

crowd-out. My findings in this section are largely inconsistent with SIG having effects

on the finances of SIG-receiving districts beyond that of SIG dollars themselves, though

they do not rule out the existence of within-district spillovers.

6 Robustness Tests Addressing Potential SIG Spillovers

Despite the fact that I have shown that schools in my primary analysis’ treated group saw

an immediate increase in proficiency rates, an immediate increase in teaching staff, no

such change in enrollment characteristics, and that district-level finances show an almost

exact 1-to-1 relationship between SIG dollars received, increases in Title I revenues, and

increases in total expenditures (all over the exact same period as SIG receipt), once may

still worry that the results of my primary analysis are driven by other underlying changes

across treated and control schools, such as spillovers between treated and control schools.

SIG interventions directly induced schools to hire new principals, and in many cases

hire new teachers. Therefore SIG receipt could plausibly lead to a reduction in teaching

resources at non-SIG-receiving schools if, for example, receipt of SIG led competent teach-

ers and administrators who otherwise would have worked at other (SIG-non-receiving)

schools to instead work at SIG receiving schools. Alternatively, receipt of SIG by a
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school within the same district as a non-SIG-receiving school could plausibly lead to an

increase in teaching resources at that non-SIG-receiving school by increasing the total

budget of that school’s district, thereby increasing the quantity of resources available for

non-SIG-receiving schools. In either case, the results of my primary analysis could be

biased by the existence of such spillovers.

In this section I show that (1) my primary analysis’ event study results (shown in

section 3.3) are robust to the exclusion of control schools located within SIG-receiving

districts (i.e. I re-estimate my primary results over a group of schools for which spillovers

are less plausible), and (2) that with regards to the only measure of school-level capital

that I observe (total number of teachers) control schools in SIG-receiving districts saw

no change relative to control schools in SIG-non-receiving districts. (1) Shows that even

when my primary analysis is run using a control group that is limited to schools not

within SIG-receiving districts (i.e. within-district spillovers of SIG could not plausibly

impact this group of control schools), testing proficiency still increases at treated schools

relative to control schools at the time of SIG rollout, meaning that observed proficiency

increases at treated schools relative to control schools in my primary analysis are not

likely biased by within-district spillovers onto control schools (if such spillovers even

exist). (2) Provides an opportunity to observe within-district SIG spillovers by comparing

teacher counts at control schools that could not have been impacted by within-district

SIG spillovers (control schools outside of SIG-receiving districts) to teacher counts at

control schools that could have been impacted by within-district SIG spillovers (control

schools inside SIG-receiving districts). If the coefficients in (2) are positive and significant,

or are of particularly large magnitude, then this could indicate that control schools in SIG

receiving districts saw an increase in observable resources (number of teachers) relative to

control schools in SIG non-receiving districts, suggesting that spillovers occurred within

SIG-receiving districts.

For (1), I re-estimate the event studies shown in Figures 3 through 7, but with
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control schools located within SIG-receiving districts removed from the analysis. The

resulting re-estimations are shown in Figures A13 through A19, and are of similar

magnitude and significance to coefficients from my primary analysis. This shows that

my primary analysis is robust to the exclusion of control schools in SIG-receiving districts.

The results of robustness test (2) are null, as shown in Figure A20 which shows

estimates of coefficients βτ from equation (7) estimated over the set of control schools in

my primary analysis. This supports the assumption that SIG resources did not spill over

to SIG-non-receiving schools within districts that received SIG.

To estimate whether teacher counts changed deferentially at control schools in districts

containing one or more treated schools versus control schools in districts containing no

treated schools, I use equation (7):

Yit = µi + µt + µSY +
∑
τ ̸=−1

βτSIGi × 1{τ = T}+ εit (7)

where Yit is the teacher count at school i in treatment year t, µi are school-level fixed

effects, µt are treatment year fixed effects, µSY are state-by-year fixed effects, and SIGi

is a dummy variable that equals 1 if school i is located in the same district as a treated

school. For any school i in a SIG-receiving district in equation (7), treatment year t is

determined by the year in which school i’s school district first received SIG. For schools

in SIG-non-receiving districts, treatment year is determined by the presence of any SIG

cohort 1 or 2 schools in the district. If any cohort 1 schools are present, then the district

is coded as having treatment begin in cohort 1’s treatment year (09/10 school year); in

any other case (i.e. where only cohort 2 schools are present in the district) the district is

coded as cohort 2.

The results of the robustness tests in this section show that my primary analysis’

results are not likely driven by spillovers between treated and control schools, further
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bolstering the validity of my primary analysis’ findings on the impact of SIG receipt on

testing proficiency rates.

7 Conclusion

In this paper, I have shown a wide array of results that, when taken together, strongly

indicate that SIG caused increases in math and reading testing proficiencies at strug-

gling elementary and middle schools in SIG cohorts 1 and 2 by increasing the quantity

and/or quality of teaching resources at those schools, and thereby increasing the ability

of students at those schools to score proficient on their states’ standardized tests in

math and reading. I have shown that wherever data are available, SIG-receiving and

SIG-non-receiving elementary and middle schools in SIG cohorts 1 and 2 followed parallel

trends with regards to both testing proficiency and other observable school character-

istics in both a national sample covering 38 states, and in a smaller sample from just

two states (CA + MA), indicating that in absence of SIG receipt, measures of testing

proficiency at treated and untreated schools would likely have continued to evolve in

parallel. I have shown that, upon receiving SIG interventions, schools immediately saw

increases in teaching staff, gains in math and reading proficiency, and saw no sizeable

shift in enrollment characteristics, indicating that the observed proficiency gains were

not likely caused by student sorting. I have shown that school districts which received

SIG funding saw almost exactly a $1-for-$1 shift in revenues and expenditures over the

exact time period of SIG rollout, indicating that SIG funding fully passed through at

the district level, and that SIG receipt did not correlate with other changes to school

districts’ revenues and expenditures. I have shown that even after controlling for potential

heterogeneous treatment effects across school size, school demographics, student/teacher

ratios, school type, and SIG intervention type, SIG effectiveness is still strongly linked

with the intensity of treatment (per-pupil SIG funding).
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My findings indicate that SIG interventions caused an estimated increase in math

and reading proficiencies at SIG-receiving elementary and middle schools of 4.2 - 5.0

percentage points and 3.7 - 4.0 percentage points respectively, and that although these

gains attenuated over time, treated schools still saw tangible increases to testing profi-

ciency eight years after initial SIG receipt (as can be seen in the results of my event study

analysis). Furthermore, I find that schools which received funding in the second tercile of

per-pupil funding (on average, $4.9K per-pupil) saw significantly greater gains in math

proficiency relative schools in the lowest tercile of per-pupil funding (on average, $2.5K

per-pupil), but that gains seen by schools in the greatest tercile of per-pupil funding

(on average, $10.9K per-pupil) did not see meaningfully greater increases in proficiency,

even after controlling for the possibility that pre-existing differences at schools that

received different funding amounts could have also led to differing SIG effectiveness at

these schools. I find no significant gains in math and reading proficiency among schools

in the bottom tercile of SIG funding, consistent with a state of the world in which

sufficient funding is needed in order for SIG to have any measurable effect on school

outcomes. I also find no significant difference between the improvements to math and

reading proficiency that were attained by tercile 2 and tercile 3 schools, indicating that

SIG funding demonstrated diminishing marginal returns at the upper end of the funding

distribution. Dividing the coefficients from my main analysis by the mean per-pupil

SIG funding received by treated schools yields an estimated 0.04σ - 0.05σ increase in

math and reading proficiency per $1,000 per-pupil received, though this effect is larger

(0.1σ) among schools in the second tercile of per-pupil SIG funding. These effects can

be compared to estimates of Hong & Zimmer (2016), who find that increasing capital

spending at schools by $1,000 per-pupil leads to gains in testing proficiency of 0.08σ.

The SIG program’s implementation in cohorts 1 and 2 was effective on average at

improving struggling elementary and middle schools across the country, but that does not

mean that SIG worked equally well (or well at all) for all schools. Schools that received

larger SIG interventions, schools that were whiter at baseline, and schools that had higher
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baseline testing proficiency all tended to respond more positively to SIG in terms of

testing proficiency increases. My findings in this paper imply that programs like SIG can

be both effective and cost-effective (relative to other school spending increases) tools for

improving testing outcomes at some of the United States’ most poorly performing schools.
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8 Appendix

Table A1: Summary Statistics, Treated Schools by Tercile of Per-Pupil SIG $

Tercile 1 Tercile 2 Tercile 3
Obs. Mean SD Obs. Mean SD Obs. Mean SD

Panel A
Baseline Char.
% Math Prof. 123 42.4 18.5 123 38.8 16.7 121 39.5 19.2
% Reading Prof. 123 42.7 18.6 123 39.0 16.4 122 36.4 16.3
Math Prof. (Std.) 123 -1.85 1.05 123 -2.02 0.72 121 -1.97 1.02
Read Prof. (Std.) 123 -2.1 1.01 123 -1.9 0.65 122 -1.9 0.78
Enrollment 123 530 202 123 497 214 122 343 169
Classrm. Teachrs. 123 35.6 14.5 122 34.4 12.1 122 24.3 12.5
Stud.-Teach. Rat. 123 15.3 3.0 122 15.7 9.8 122 15.7 12.6
% Non-Hisp. Wh. 123 26.2 32.5 123 13.4 21 122 11.6 20
% FRLE 123 79.5 15.6 123 84.7 10.9 122 85.9 13.1

Panel B
School Type
Lowr. Sch. (D) 123 0.37 0.49 123 0.37 0.48 122 0.32 0.47
Mid. Sch. (D) 123 0.35 0.48 123 0.35 0.48 122 0.33 0.47
L/M Sch. (D) 123 0.28 0.45 123 0.28 0.45 122 0.34 0.48

Panel C
SIG Char.
Per-Schl. SIG $ 123 $1.3 M $0.6 M 123 $2.4 M $1.1 M 122 $3.4 M $1.5 M
Per-Pupil SIG $ 123 $2.5 K $0.7 K 123 $4.9 K $0.9 K 122 $10.9 K $4.2 K
Cohort 1 (D) 123 0.72 0.45 123 0.58 0.50 122 0.73 0.45
Cohort 2 (D) 123 0.28 0.46 123 0.42 0.50 122 0.27 0.45
Turnaround (D) 123 0.20 0.40 123 0.27 0.44 122 0.31 0.47
Transformat. (D) 123 0.80 0.40 123 0.73 0.44 122 0.69 0.47

Notes: Baseline characteristics for each school were calculated by taking school-level averages over the
five years preceding initial SIG receipt. For schools that did not receive SIG, the year of initial SIG

receipt was treated as the earliest cohort in which that school qualified as a highly SIG-eligible school.
Standardized (Std.) math and reading proficiencies are z-scores, by state and school type. (D) denotes a
dummy variable. M denotes millions of dollars; K denotes thousands. Note that enrollment reports the

number of students enrolled between grades 3 and 8 (i.e. total enrollment in age groups that take
standardized tests), whereas student/teacher ratios and SIG per-pupil report quantities that are divided

by total school enrollment which includes students in grades below grade 3. For non-truncated row
titles, see Table 1.
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Table A2: Summary Statistics (CA + MA Subsample), Analysis Schools

Awarded SIG No SIG
Obs. Mean SD Obs. Mean SD

Panel A
Baseline Characteristic
% Students Math Proficient 73 26.0 8.6 60 30.2 8.2
% Students Reading Proficient 73 24.1 5.8 60 35.3 14.4
Math Prof. (Standardized) 73 -1.3 0.39 60 -1.0 0.41
Reading Prof. (Standardized) 73 -1.2 0.36 60 -1.0 0.44
Enrollment 73 376 266 60 538 330
Classroom Teachers 73 30 12 60 39 19
Student-Teacher Ratio 73 19 4 60 18 5
% Non-Hispanic White 73 7 8 60 22 26
% Free/Red. Price Lunch Elig. 73 87 9 60 79 13

Panel B
School Type
Elem. School (Dummy) 73 0.36 0.48 60 0.18 0.39
Middle School (Dummy) 73 0.26 0.44 60 0.53 0.5
Elem./Middle School (Dummy) 73 0.37 0.49 60 0.28 0.45

Panel C
SIG Characteristics
Per-School SIG Dollars Awarded 73 $3.3M $1.6M 60 0 0
Per-Pupil SIG Dollars Awarded 73 $7.0K $4.6K 60 0 0
Cohort 1 (Dummy) 73 0.90 0.20 60 0.51 0.06
Cohort 2 (Dummy) 73 0.10 0.20 60 0.49 0.06
Turnaround Model (Dummy) 73 0.40 0.49 60 0 0
Transformation Model (Dummy) 73 0.60 0.49 60 0 0

Notes: Baseline characteristics for each school were calculated by taking school-level averages over the
five years preceding initial SIG receipt. For schools that did not receive SIG, the year of initial SIG

receipt was treated as the earliest cohort in which that school qualified as a highly SIG-eligible school.
Standardized math and reading proficiencies are z-scores, by state and school type. M denotes millions
of dollars; K denotes thousands. Note that enrollment reports the number of students enrolled between

grades 3 and 8 (i.e. total enrollment in age groups that take standardized tests), whereas
student/teacher ratios and SIG per-pupil report quantities that are divided by total school enrollment

which includes students in grades below grade 3.
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Table A3: Summary Statistics (CA + MA Subsample), Treated Schools by Tercile of
Per-Pupil SIG $

Tercile 1 Tercile 2 Tercile 3
Obs. Mean SD Obs. Mean SD Obs. Mean SD

Panel A
Baseline Char.
% Math Prof. 22 24.5 11 18 24.3 7.0 33 28.0 7.4
% Reading Prof. 22 24.5 8.9 18 23.9 4.0 33 24.0 4.0
Math Prof. (Std.) 22 -1.0 0.41 18 -1.2 0.41 33 -1.4 0.25
Read Prof. (Std.) 22 -1.1 0.47 18 -1.2 0.34 33 -1.4 0.20
Enrollment 22 360 249 18 556 373 33 289 137
Classrm. Teachrs. 22 34 12 18 36 11 33 23 9
Stud.-Teach. Rat. 22 18 20 18 19 3 33 19 3
% Non-Hisp. Wh. 22 9.6 11.2 18 7.5 4.7 33 4.8 6.8
% FRLE 22 88 7.5 18 85.4 11.7 33 86.9 8.7

Panel B
School Type
Lowr. Sch. (D) 22 0.59 0.50 18 0.16 0.38 33 0.33 0.48
Mid. Sch. (D) 22 0.23 0.43 18 0.33 0.49 33 0.24 0.44
L/M Sch. (D) 22 0.18 0.39 18 0.5 0.51 33 0.42 0.5

Panel C
SIG Char.
Per-Schl. SIG $ 22 $1.5M $306K 18 $3.5M $1.7M 33 $4.4M $1M
Per-Pupil SIG $ 22 $2.8K $0.6K 18 $4.7K $0.8K 33 $11K $4K
Cohort 1 (D) 22 0.75 0.26 18 0.89 0.26 33 1 0
Cohort 2 (D) 22 0.25 0.26 18 0.11 0.21 33 0 0
Turnaround (D) 22 0.09 0.29 18 0.56 0.51 33 0.52 0.51
Transformat. (D) 22 0.91 0.29 18 0.44 0.51 33 0.48 0.51

Notes: Baseline characteristics for each school were calculated by taking school-level averages over the
five years preceding initial SIG receipt. For schools that did not receive SIG, the year of initial SIG

receipt was treated as the earliest cohort in which that school qualified as a highly SIG-eligible school.
Standardized (Std.) math and reading proficiencies are z-scores, by state and school type. (D) denotes a
dummy variable. M denotes millions of dollars; K denotes thousands. Note that enrollment reports the

number of students enrolled between grades 3 and 8 (i.e. total enrollment in age groups that take
standardized tests), whereas student/teacher ratios and SIG per-pupil report quantities that are divided

by total school enrollment which includes students in grades below grade 3. For non-truncated row
titles, see Table 1.
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Figure A1: Geographic Distribution of Analysis Schools
Note: Schools in Texas, Oregon, and Michigan are not shown because test proficiency measures that are

comparable before and after SIG rollout are not available in these states due to the adoption of
completely new tests and proficiency standards in the 09/10 and 10/11 school years.

51



Panel A: Math Proficiency (raw %)

Panel B: Reading Proficiency (raw %)

Figure A2: Raw Proficiency Rates Increased at SIG-Receiving Schools in CA and MA,
Relative to Similar SIG-Non-Receiving Schools
Notes: Because scores shown in this figure are unadjusted mean proficiency rates (i.e. not z-scores or
percentiles), data are shown only over years where tests are comparable over time. California conducted
widespread field testing for upcoming, new standardized tests in 2013, which were implemented in 2014.

This resulted in most schools in the sample not having proficiency rates reported in 2013 in CA.
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Panel A: Math Proficiency (normalized to z-scores)

Panel B: Reading Proficiency (normalized to z-scores)

Figure A3: Proficiency Rates (Measured as Z-Scores) Increased at SIG-Receiving
Schools in CA and MA, Relative to Similar SIG-Non-Receiving Schools
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Panel A: Math Proficiency (percentile rank)

Panel B: Reading Proficiency (percentile rank)

Figure A4: Proficiency Rates (Measured as Percentiles Within States) Increased at
SIG-Receiving Schools in CA and MA, Relative to Similar SIG-Non-Receiving Schools
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Figure A5: In the CA + MA Combined Sample, Mean Proficiency Rates at SIG-
Receiving Schools Improved Relative to Schools That Did Not Receive SIG

Notes: Only years where data were available in both states are plotted (hence the
exclusion of 2013 and 2015, which are missing in CA and MA, respectively).
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Panel A: Math Proficiency (raw %)

Panel B: Reading Proficiency (raw %)

Figure A6: Among Schools That Did Not Attrit from the Data, Raw Proficiency
Rates Increased at SIG-Receiving Schools in CA and MA, Relative to Similar SIG-Non-
Receiving Schools
Notes: Because scores shown in this figure are unadjusted mean proficiency rates (i.e. not z-scores or

percentiles), data are shown only over years where tests are comparable over time.
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Panel A: Math Proficiency (normalized to z-scores)

Panel B: Reading Proficiency (normalized to z-scores)

Figure A7: Among Schools That Did Not Attrit from the Data, Proficiency Rates
Increased at SIG-Receiving Schools in CA and MA, Relative to Similar SIG-Non-Receiving
Schools
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Figure A8: Among Schools That Did Not Attrit from the Data, In the CA + MA
Combined Sample Mean Proficiency Rates at SIG-Receiving Schools Improved Relative
to Schools That Did Not Receive SIG

Notes: Only years where data were available in both states are plotted (hence the
exclusion of 2013 and 2015, which are missing in CA and MA, respectively).

It should be noted from Tables 1 and A2 that baseline characteristics of schools in the

treated and control groups in the CA + MA subset (Table A2) are more different than

the largely identical baseline characteristics of schools in the national sample (Table

1). However, the fact that treated and control schools in the CA + MA subset are

somewhat different on observed characteristics at baseline does not invalidate a differences

in differences analysis over these schools so long as outcomes at control schools still serve

as a counterfactual for outcomes at treated schools. Because the CA + MA data include

a large number of pre-treatment observations, I am able to run more robust tests of

the comparability of the treatment and control groups (i.e. thorough examination of

pre-trends) in this sample.
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Figure A9: Nationally, Mean Math & Reading Proficiency at SIG-Receiving Schools
Improved Relative to Schools That Did Not Receive SIG

59



Table A4: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency in CA & MA

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 8.81*** 9.44*** 9.43***
(2.922) (2.538) (2.555)

N 768 768 768

Reading % Proficient 4.66*** 4.92*** 4.91***
(1.719) (1.788) (1.753)

N 768 768 768

Math % Prof. (Z-Score) 0.42*** 0.45*** 0.45***
(0.147) (0.128) (0.129)

N 801 801 801

Math % Prof. (Pctile. Rank) 10.6*** 11.2*** 11.3***
(3.451) (3.242) (3.259)

N 801 801 801

Reading % Prof. (Z-Score) 0.24*** 0.25*** 0.25***
(0.087) (0.087) (0.087)

N 801 801 801

Reading % Prof. (Pctile. Rank) 6.35*** 6.68*** 6.71***
(2.136) (2.142) (2.144)

N 801 801 801
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.

In Table A4, I estimate equation (1) on proficiency rates in the California and Mas-

sachusetts subsample. The estimates of the relevant coefficient β for various control

specifications are shown in Table A4 and represent estimates of the average treatment
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effect of SIG receipt on school-level proficiency rates over the short run (i.e. during the

years of SIG rollout). Table A4’s column 1 shows estimates of β in exactly equation (1),

whereas columns 2-5 estimate equation (1) with added fixed effects to control for level

differences between years, states-by-year, and school-levels-by-year. To make pre-period

observations as representative as possible of schools’ proficiency rates just before the

rollout of SIG, I restrict pre-period observations used in Table A4’s estimations to within

one to three years before SIG rollout (though the significance of Table A4’s results are

robust to the inclusion of all observations).

Interpreting the first row in Table A4, my estimates indicate that receipt of SIG led to

an increase in the percentage of students at SIG-receiving schools that scored proficient

on their state’s math test of 6.43 to 8.58 percentage points. The results for reading, shown

in row 3, are an increase of 3.43 to 5.98 percentage points. To interpret the z-score results,

one must multiply estimated z-score coefficients by the average standard deviation (an

average of standard deviations over the available math and reading observations being

estimated over must be taken because each school’s proficiency rate is normalized within

it’s own state/grade, so different schools have different in-group standard deviations)

of math and reading proficiency rates in the CA & MA data, which are 21.0 and 20.4

percentage points respectively. Thus, the z-score estimations in Table A4 indicate that

math and reading proficiencies increased at treated schools by 6.5 to 8.2 and 3.3 to 4.0

percentage points, respectively.
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Panel A: Math & Reading Proficiencies in CA + MA (normalized to z-scores)

Panel B: Math & Reading Proficiencies in CA + MA (percentile ranks)

Figure A10: In California and Massachusetts, SIG Receipt Led to an Immediate
Increase in Math and Reading Proficiency Z-Scores and Percentile Ranks at Treated
Schools, Relative to Control Schools
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Figure A11: Total Enrollment Did Not Significantly Shift Among Schools in Either the
CA + MA Sample, or the EDFacts Sample
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Figure A12: Estimation of Equation (6) on Categorized Expenditures
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Figure A13: In California and Massachusetts, SIG Receipt Led to an Immediate
Increase in Math and Reading Proficiency Rates at Treated Schools, Relative to Control
Schools

Notes: Since results shown in this figure are estimated over unadjusted proficiency rates,
estimates are only shown over treatment years over which comparable tests are

administered in CA and MA, thus post-treatment observations are limited to four (in
CA) and five (in MA) years respectively.
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Panel A: Math & Reading Proficiencies in CA + MA (normalized to z-scores)

Panel B: Math & Reading Proficiencies in CA + MA (percentile ranks)

Figure A14: In California and Massachusetts, SIG Receipt Led to an Immediate
Increase in Math and Reading Proficiency Z-Scores and Percentile Ranks at Treated
Schools, Relative to Control Schools

Figure A15: In California and Massachusetts, SIG Receipt Did Not Lead to Any
Appreciable Shift in Share White or Share FRLE Before vs. After Treatment
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Panel A: Math & Reading Proficiencies from EDFacts (unadjusted proficiency)

Panel B: Math & Reading Proficiencies from EDFacts (normalized to z-scores)

Panel C: Math & Reading Proficiencies from EDFacts (percentile ranks)

Figure A16: Treated Schools in the EDFacts Sample Saw Significant Gains in Math
and Reading Proficiency Relative to Control Schools
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Figure A17: Treated Schools in the EDFacts Sample Saw No Significant Shift in Share
White or FRLE Before vs. After Treatment

Figure A18: Total Enrollment Did Not Significantly Shift Among Schools in Either the
CA + MA Sample, or the EDFacts Sample
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Figure A19: Classroom Teachers Immediately Increased After SIG Receipt at Treated
Schools as Compared With Control Schools

Figure A20: Number of Teachers Did Not Change At Control Schools That Shared
a District With Treated School(s), Relative to Control Schools That Did Not Share a
District With a Treated School

69



8.1 Adjusting for Changes in Testing Regimes

States commonly change proficiency cut scores, alter, or completely replace tests, which

can cause discontinuous shifts in proficiency rates across years. Perhaps the best example

of such an occurrence happened in the 14/15 school year, when 38 states adopted entirely

new tests for math and reading (states: AK, AZ, AR, CA, CO, CT, DE, DC, FL, GA,

HI, ID, IL, IN, IO, KS, ME, MD, MI, MS, MO, MT, NH, NJ, NM, ND, OH, OR, PA,

RI, SC, SD, TX, VT, WA, WV, WI, WY). The reason for this massive shift in testing

standards was that the country’s two largest testing consortiums (groups of states that

adhere to common, though not entirely identical testing standards) both adopted new

tests in this school year. These consortiums were the Smarter Balanced Assessment

Consortium (SBAC) which had 18 member states at the time SBAC (2020), and the

Partnership for Assessment of Readiness for College and Careers (PARCC), which had

11 member states plus DC at the time. Furthermore, five states (AZ, IN, KY, MS, PA)

elected to leave PARCC at this time, leading to the adoption of new tests in these states

as well.

Plotting mean proficiency rates in math and reading over time from EDFacts among

all schools in the primary analysis sample yields Figure A21, which shows the clear

discontinuity caused by the widespread adoption of new testing standards.
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Figure A21: Proficiency Rates Change Discontinuously When States Adopt New
Standardized Tests
Notes: Each year Y denotes test scores corresponding to school year Y/Y+1. Eg. 2014 denotes tests

taken for school year 2014/2015. Data are not shown in 2013 (school year 2013/2014) because
widespread field testing for the upcoming testing changes in 2014/2015 caused a sudden shift in the

schools represented in the sample in 2013 because many schools participated in field testing during this
year and therefore did not report a proficiency rate in the data. Observed math proficiencies

temporarily decline 28% during this year, from 924 schools reporting a proficiency in 2012, to 666
schools in 2013. Similarly, observed reading proficiencies decline from 924 to 681. School-level fixed

effects control for this shift in my regression analysis, but no such controls exist in unadjusted means -
so the observations are omitted.

The most conservative response to the widespread change in testing standards in 2014

is to drop observations from 2014 and beyond in the states that changed their testing

regimes. In my regression analysis, models that are estimated using unadjusted testing

proficiencies as the outcome of interest do exactly this, and only include observations

from state-year combinations where that state’s standardized test is comparable8 to the

test that existed prior to SIG rollout (so all observations from the states that adopted a

new test in 14/15 are dropped by this year). However, I propose two ways of managing

shifts in testing regimes so as to make observations across changes to testing regimes

usable in my analysis. My first strategy is to convert proficiency rates into z-scores at the

state by year by school-level (elementary, middle, mixed elementary/middle) level. This

assumes that changes to a state’s tests result in a re-scaling of proficiency rates, but not
8EDFacts’ documentation includes notes on which states changed their standardized tests, for which

groups of students (i.e. elementary, middle, or high school students), and whether these changes affected
the test’s comparability with prior years.
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heterogeneously across different schools within the same school-level. The second strategy

is to convert proficiency rates into percentiles at the state by year by school-level level.

This relaxes the assumption that changes to tests do not heterogeneously the impact

proficiency rates of schools of the same type, but still assumes that test changes do not

affect the rank order of schools’ proficiency rates among schools of the same school-level.

However, converting proficiency rates into percentile ranks has the potential drawback

of eliminating potentially meaningful variation that the conversion of proficiencies into

z-scores would not eliminate. Figures A22 and A23 plot mean proficiency z-scores and

percentile ranks in the analysis sample from EDFacts, and show that these strategies

eliminate the drastic shifts to unadjusted proficiency rates that can be seen in Figure A21.9

Figure A22: Proficiency Rate Z-Scores Do Not Change Discontinuously When States
Adopt New Standardized Tests (see, 2012, as compared with 2014)
Notes: Each year Y denotes test scores corresponding to school year Y/Y+1. Eg. 2014 denotes tests
taken for school year 2014/2015. Data in 2013 are not comparable to data from other years due to

widespread field testing for the upcoming new testing standards resulting in standardized test scores not
being reported in over a quarter of schools in the sample.

9It should be noted that, when generating proficiency z-scores and percentiles, I utilize all available
data in the EDFacts and SEA datasets, not just data from schools in the analysis sample. Hence, these
z-scores and percentiles report the standing of schools relative to all schools of the same school-type in
the same state.
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Figure A23: Proficiency Rate Percentiles Do Not Change Discontinuously When States
Adopt New Standardized Tests (see, 2012, as compared with 2014)
Notes: Each year Y denotes test scores corresponding to school year Y/Y+1. Eg. 2014 denotes tests
taken for school year 2014/2015. Data in 2013 are not comparable to data from other years due to

widespread field testing for the upcoming new testing standards resulting in standardized test scores not
being reported in over a quarter of schools in the sample.

8.2 National Trends in Testing Proficiency

Figures A22 and A23 indicate that testing proficiency rates at schools in my analysis

sample saw increases over time in testing proficiency rates relative to those of average

elementary and middle schools in their respective states. These figures are reflective of

an existing trend among public elementary and middle school students at the national

level during this time period. Figures A24 and A25 show z-scores of proficiency rates

of Free/Reduced-Price Lunch eligible students relative to the overall national average

on the National Assessment of Educational Progress’ math and reading tests (NAEP is

a congressionally mandated, nationally representative assessment administered by the

National Center for Education Statistics designed to assess changes in student knowledge

on various subjects over time)10. The purpose of Figures A24 and A25 is to show that at

the national level, Free/Reduced-Price Lunch eligible students (the subgroup of students

in the NAEP data most over-represented at SIG-eligible schools in my analysis, which in
10Note that NAEP data are not used in this paper’s analysis because NAEP data are only available

at the nation-by-year and state-by-year levels (and the city-by-year and district-by-year levels for a very
select few school districts and large cities),
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Table 1 are shown to on average have more than 80% of their enrollment comprised of

Free/Reduced-Price Lunch eligible students) saw increasing proficiency rates relative to

the national average over the years 2009-2018. It should be noted that the scale of Figures

A24 and A25 is noticeably smaller than that of Figures A22 and A23. However, the

difference in scales of these figures is not entirely surprising considering that (i) NAEP is

an entirely different assessment than the state-level standardized tests whose proficiency

rates are used in this paper’s analysis, and (ii) the population of Free/Reduced-Price

Lunch eligible students is only a proxy in the NAEP data for students at SIG-eligible

schools, and it is highly likely that the average Free/Reduced Price Lunch eligible student

at a SIG-eligible school (generally the bottom 5% performing of all Title I eligible schools

in the state) has a lower expected test score (and thus a lower probability of scoring

proficient) than an average Free/Reduced-Price lunch student.
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Figure A24: NAEP Math Proficiency Rates of Free/Reduced-Price Lunch Eligible
4th & 8th Grade Public School Students, Expressed as Z-Scores Relative to Average
Proficiency Rates of Elementary & Middle Public School Students Nationwide
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Figure A25: NAEP Reading Proficiency Rates of Free/Reduced-Price Lunch Eligible
4th & 8th Grade Public School Students, Expressed as Z-Scores Relative to Average
Proficiency Rates of Elementary & Middle Public School Students Nationwide

8.3 Running Comparison of Means on Enrollment Characteristics

In this section I plot sample means over time to show that in California and Massachusetts,

and in the rest of the country excluding those two states, SIG receipt did not lead to

an immediate shift in any observable characteristics of enrollment, suggesting that SIG

receipt did not lead to any immediate change in the students enrolled at SIG-receiving

schools. This is important because in order for estimations of the impact of SIG on

school-level proficiency rates to identify the impact of SIG on actual students’ proficiency

rates, it must be true that the underlying population of students at SIG-receiving schools

did not shift in response to SIG receipt.
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Figure A26: In California and Massachusetts, and in the Rest of the Country, SIG
Receipt Did Not Lead to Any Immediate Shift in Total Enrollment

Figure A27: In California and Massachusetts, and in the Rest of the Country, SIG
Receipt Did Not Lead to Any Immediate Shift in White Enrollment
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Figure A28: In California and Massachusetts, and in the Rest of the Country, SIG
Receipt Did Not Lead to Any Immediate Shift in Nonwhite Enrollment

Figure A29: In California and Massachusetts, and in the Rest of the Country, SIG
Receipt Did Not Lead to Any Immediate Shift in Economically Disadvantaged Student
(Free/Reduced-Price Lunch Eligible) Enrollment
Notes: Massachusetts changed its definition of FRLE in 2014; the large shift in %FRLE seen in 2014 in
the California + Massachusetts graph is entirely driven by schools in Massachusetts - i.e. the observed

shift in 2014 is driven by a change in reporting rather than an actual change in enrollment
characteristics.
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Figure A30: In California and Massachusetts, and in the Rest of the Country, SIG
Receipt Led to An Immediate Increase in Teaching Staff Relative to Non-SIG-Receiving
Schools

The figures shown in this section show that the enrollment characteristics of treated

and untreated schools did not immediately shift in response to SIG receipt, and that

the only available measure of teaching resources in the CCD data (total number of

teachers) immediately increased at SIG-receving schools relative to SIG-non-receiving

schools following SIG receipt. These figures are therefore consistent with a state of the

world in which, at the very least in the first year immediately following SIG receipt, the

response in testing proficiency rates seen at the school level in Figures A2, A3, and 1

very likely captures a change in student level proficiency, and is not likely to be biased

by a shift in student enrollment.
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Panel A: Schools Reporting Math Proficiency

Panel B: Schools Reporting Reading Proficiency

Figure A31: Some Attrition Did Occur Over Time in Both the Treated and Untreated
Groups in CA and MA

Figure A32: In California and Massachusetts, SIG Receipt Did Not Lead to Any
Immediate Shift in Total Enrollment
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Figure A33: In California and Massachusetts, SIG Receipt Did Not Lead to Any
Immediate Shift in White Enrollment

Figure A34: In California and Massachusetts, SIG Receipt Did Not Lead to Any
Immediate Shift in Nonwhite Enrollment
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Figure A35: In California and Massachusetts, SIG Receipt Did Lead to An Immediate
Increase in Teaching Staff
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Table A5: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on Economically Disadvantaged Student Testing Proficiency at
SIG-Receiving Elementary and Middle Schools Nationally

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 5.13*** 5.21*** 4.44***
(1.257) (1.276) (1.21)

N 2,296 2,296 2,296

Reading % Proficient 3.99*** 4.34*** 3.96***
(0.898) (0.914) (0.893)

N 3,582 3,582 3,582

Math % Prof. (Z-Score) 0.3*** 0.31*** 0.3***
(0.09) (0.091) (0.091)

N 2,296 2,296 2,296

Reading % Prof. (Z-Score) 0.27*** 0.28*** 0.28***
(0.066) (0.067) (0.068)

N 3,582 3,582 3,582
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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Table A6: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency at SIG-Receiving Schools
Nationally, Sample Schools Expanded Beyond Primary Analysis Schools (High Schools,
Nonstandard Intervention Schools, and TX, OR, MI Schools Included in Regression)

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 3.42*** 3.73*** 3.3***
(1.07) (1.06) (0.956)

N 5,985 5,985 5,985

Reading % Proficient 2.24*** 2.36*** 2.32***
(0.801) (0.794) (0.719)

N 9,551 9,551 9,551

Math % Prof. (Z-Score) 0.22*** 0.19*** 0.16***
(0.044) (0.042) (0.042)

N 10,212 10,212 10,212

Math % Prof. (Pctile. Rank) 2.9*** 2.6*** 2.34**
(0.869) (0.843) (0.940)

N 10,212 10,212 10,212

Reading % Prof. (Z-Score) 0.2*** 0.17*** 0.15***
(0.038) (0.038) (0.038)

N 14,317 14,317 14,317

Reading % Prof. (Pctile. Rank) 1.22* 1.11 0.66
(0.701) (0.694) (0.749)

N 14,321 14,321 14,321
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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Table A7: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency, Restricted to Tercile 1 Schools

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 0.74 0.29 -1.94
(2.117) (2.049) (1.83)

N 1,806 1,806 1,806

Reading % Proficient 1.58 1.81 0.55
(1.263) (1.317) (1.22)

N 2,858 2,858 2,858

Math % Prof. (Z-Score) -0.12 -0.15 -0.16
(0.136) (0.136) (0.136)

N 1,806 1,806 1,806

Reading % Prof. (Z-Score) 0.05 0.06 0.04
(0.090) (0.095) (0.094)

N 2,858 2,858 2,858
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

Notes: % Proficient measures the percent of students (percentage points, ranging from 0-100) scoring
proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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Table A8: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency, Restricted to Tercile 2 Schools

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 6.47*** 6.71*** 6.79***
(1.572) (1.543) (1.478)

N 1,823 1,823 1,823

Reading % Proficient 3.79*** 4.25*** 4.56***
(1.421) (1.384) (1.384)

N 2,872 2,872 2,872

Math % Prof. (Z-Score) 0.42*** 0.41*** 0.49***
(0.108) (0.104) (0.104)

N 1,823 1,823 1,823

Reading % Prof. (Z-Score) 0.27*** 0.27*** 0.34***
(0.096) (0.094) (0.099)

N 2,872 2,872 2,872
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

* p < 0.1; ** p < 0.05; *** p < 0.01 Notes: % Proficient measures the percent of students (percentage points, ranging
from 0-100) scoring proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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Table A9: Differences in Differences Estimations of the Short-Run Average Treatment
Effect of SIG Receipt on School-Level Testing Proficiency, Restricted to Tercile 3 Schools

Outcome Measure Specification

(1) (2) (3)

Math % Proficient 6.97*** 6.96*** 6.67***
(1.603) (1.599) (1.747)

N 1,798 1,798 1,798

Reading % Proficient 4.93*** 5.06*** 4.97***
(1.139) (1.125) (1.156)

N 2,851 2,851 2,851

Math % Prof. (Z-Score) 0.46*** 0.45*** 0.44***
(0.114) (0.114) (0.119)

N 1,798 1,798 1,798

Reading % Prof. (Z-Score) 0.34*** 0.34*** 0.32***
(0.081) (0.080) (0.084)

N 2,851 2,851 2,851
State-by-School-Year FE X X
School-Level-by-School-Year FE X
School-Level-by-School-Year-by-State FE X

* p < 0.1; ** p < 0.05; *** p < 0.01 Notes: % Proficient measures the percent of students (percentage points, ranging
from 0-100) scoring proficient or above on their state’s standardized test.
* p < 0.1; ** p < 0.05; *** p < 0.01
Robust standard errors in parentheses, clustered on school district.
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