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Abstract

Although an emerging body of evidence has shown that the threat of sanctions on
low-performing schools can raise student test scores in the short run, the extent to which
these test score improvements are due to schools” manipulation of the accountability
system has remained uncertain. In this paper, | provide two new strands of evidence to
evaluate the relative importance of educational reforms and gaming behavior in
generating test score gains by threatened schools. First, using a regression discontinuity
design that exploits Florida’s system of imposing sanction threats on the basis of a cutoff
level of performance, | estimate medium-run effects on student test scores from having
attended a threatened elementary school. Treat-induced math improvements from
elementary school largely persist at least through the first one to two years of middle
school, while evidence for persistence of reading improvements is less consistent.
Second, | analyze the effects of sanction threats on various features of educational
production, and | find that sanction threats raise school spending on instructional
technology, curricular development, and teacher training. Both strands of evidence are
consistent with a predominant role for educational reforms in generating test score gains
by threatened schools.
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I. Introduction

The threat of sanctions on low-performing public schools has become a dominant
form of incentive by which policymakers seek to raise student achievement. In the
United States, penalties for repeated failure to meet performance standards have become
universally established in all states as a result of the No Child Left Behind Act of 2001
(NCLB). Beyond NCLB-mandated penalties, two-thirds of state education systems have
their own, additional policies to penalize persistently low-performing schools (Bausell
2007). Insofar as repeated failure is meaningfully penalized, struggling schools face a
powerful incentive to raise their performance ratings. However, schools may have at
their disposal a range of mechanisms for improving their ratings. The mechanisms
consistent with policymakers’ intent are those that reform the inputs and processes of
educational production within failing schools, but schools may also choose to “game” or
manipulate the accountability system in ways that raise test scores without contributing to
students’ knowledge and skills. In this paper, I use a rich collection of student-level and
school-level data from Florida to evaluate the relative importance of educationally
oriented reforms and gaming behavior in generating test score improvements by schools
facing sanction threats. My analyses focus on two central questions. First, do sanction
threats on elementary schools have persistent, positive impacts on student test scores
even after the affected students have progressed into middle school? Second, do sanction
threats induce significant changes in the quantity, allocation, or use of educational inputs
within threatened schools? | gauge the centrality of educational reforms as a mechanism
for improvement by the extent to which the answers are affirmative.

The importance of evaluating the sources of test score improvements in



threatened schools has been underscored by two bodies of existing research on school
accountability: one demonstrating positive, short-run effects of sanction threats on test
scores, and another documenting the existence of school gaming behavior under
accountability pressure. A number of studies on Florida’s accountability system have
found that sanction threats have raised the observed test scores of students during the
time that they are attending the threatened schools (Greene 2001; Figlio and Rouse 2006;
West and Peterson 2006; Chakrabarti 2007, 2008). The introduction of school
accountability in Chicago has been shown to raise test scores by a greater extent within
schools at higher risk of being placed on probation (Jacob 2005).> Despite this
encouraging evidence on test score gains, a second strand of research has found that
schools under accountability pressure may alter testing conditions or student
classifications to boost observed test scores in ways unintended by policymakers. For
instance, pressured schools have been shown to remove low-achieving students from
school rating calculations by reclassifying them into special education (Deere and Strayer
2001; Figlio and Getzler 2002; Jacob 2005; Cullen and Reback 2006) or by subjecting
them to longer disciplinary suspensions near testing dates (Figlio 2006). Schools under
pressure have also been observed to manipulate testing conditions through teacher
cheating (Jacob and Levitt 2003) and through inflating the caloric content of school
lunches during the testing week (Figlio and Winicki 2005). Collectively, these two
strands of research raise — and leave open — the question of whether the observed test

score gains from accountability pressure are primarily the result of gaming behavior or of

! Other studies have examined overall effects of school accountability systems on test scores without
focusing specifically on sanction threats. Carnoy and Loeb (2002) and Hanushek and Raymond (2005)
provide cross-state evidence on the effects of accountability; Ladd (1999) examines a particular district’s
implementation of accountability; Grissmer and Flanagan (1998), Klein et al. (2000), and Koretz and
Barron (1998) examine the time series of test scores within particular states that implement accountability.



educational reforms.

To evaluate the importance of educational reforms, I first estimate the causal
effect of attending a threatened elementary school on students’ test scores both during
and after their elementary years. A common feature of school gaming behaviors is that
either they should have minimal impacts on individual students’ test scores if they merely
change the pool of accountable students, or their impacts on any particular student’s
scores should be a purely transitory rise that disappears when the student exits the
manipulated testing condition, such as the classroom of a cheating teacher. A persistent,
threat-induced test score improvement would therefore be attributable to educational
reforms. To estimate the causal effects of sanction threats, | use a regression
discontinuity design that exploits the discontinuous structure of sanction threats in
Florida’s accountability system: schools whose prior-year performance lies below a
threshold level must exhibit a sufficiently high performance in the current year to avoid
sanctions. Short-run threat effects in the current year can thus be estimated from test
score discontinuities at the threshold, and test score discontinuities exhibited by the same
students in subsequent years yield estimates for medium-run effects.

Using the same regression discontinuity framework, a second empirical strategy
assesses the impact of sanction threats on various features of educational production in
threatened schools. If educational reforms are truly the main source of test score gains in
threatened schools, then these schools should be observed to make changes to the inputs
or technology of educational production. Motivated by open-ended interviews in which
principals of threatened schools report undertaking changes to instructional practices and

curricular content, my empirical analyses use school expenditure data to test for threat-



induced resource shifts toward instructional and curricular reform.

Evidence from both approaches is generally consistent with the claim that
educational reforms are the primary means by which threatened schools raise test scores.
| find that most of the initial improvement in high-stakes math scores from attending a
threatened elementary school persists for at least one to two years after entry into middle
school; however, evidence for medium-run persistence of initial reading gains is mixed
and not robust. | also find that sanction threats trigger increases in school expenditures
on instructional and curricular development, teacher training, and technology surmised to
support assessment-driven instruction, all of which are consistent with a reform-driven
response to sanction threats.

This paper contributes to the existing literature on school accountability in a
number of ways. First, to my knowledge, no prior study has examined the degree to
which accountability pressure on schools persistently impacts all affected students
beyond their time in those schools.? Second, this study extends a very sparse literature on
the ways in which accountability pressure affects educational production. In the only
other study on this topic of which I am aware, Jacob (2003) examines changes in school-
level budgetary line items over a five-year period spanning the introduction of
accountability in Chicago and finds declines in fine arts spending, decreases in the ratio
of aides to teachers, and increases in the ratio of supervisors to teachers within lower-
performing schools relative to higher-performing schools. My analyses provide the first
estimates of immediate expenditure responses to the onset of sanction threats.

Simultaneously and independently of my paper, Rouse et al. (2007) have

% One previous study by Donovan et al. (2006) uses data from a single university to estimate effects on
collegiate performance from having attended a threatened high school.



estimated the persistence of test score gains stemming from the same sanction threats
examined by my paper. Whereas | find robust evidence of persistence only in math, they
find persistence in both reading and math as a result of limiting their analyses to students
initially affected by sanction threats in fifth grade.® In addition, Rouse et al. conduct
surveys of Florida’s principals and find that sanction threats induce schools to lengthen
instructional time, change schoolwide schedules, and increase the planning time and
professional development with which teachers can improve instruction. Thus, their
findings from survey data, similarly to my findings from administrative expenditure data,
are consistent with the claim that schools facing accountability pressure are likely to
implement pedagogical and curricular changes in their attempts to raise student
achievement.

The remainder of this paper proceeds as follows. Section Il gives an overview of
the Florida accountability system. Section 11l describes the method for estimating initial
effects of sanction threats on test scores, and Section 1V presents results for these initial
effects. Section V examines the persistence of test score gains from sanction threats.
Section VI analyzes potential changes to educational production by which sanction

threats affect achievement. Section VII concludes.

II. Overview of the Florida Accountability System

Florida’s accountability system exemplifies a prototypical sanctioning regime in
which schools failing once to meet a performance standard face an immediate threat of
sanctions because a second failure within a short time span brings actual sanctions. The

test scores used for calculating school ratings and threat status come from a high-stakes

® In section V, | further discuss the sensitivity of the reading results to sample definition.



set of tests in reading, math, and writing known as the Florida Comprehensive
Assessment Tests (FCAT), which are aligned to state curriculum standards. On the
reading and math tests, which students take annually beginning in third grade during my
analysis period, an individual student’s FCAT achievement can be expressed as either a
continuous scale score or a discrete achievement level ranging from 1 (worst) to 5 (best);
roughly, levels 1, 2, and 3 corresponds to below basic, basic, and proficient levels of
achievement, respectively.* ° In addition, students also take the reading and math
subtests of the Stanford Achievement Test, a low-stakes test for which scores are
compared to a national norm group but are not used for accountability ratings.

In each summer since 1999, the Florida Department of Education has assigned
“school grades” of A, B, C, D, or F (ordered from best to worst) to regular public schools
on the basis of FCAT scores from the recently completed spring. With an F grade
denoting failure, schools receiving two Fs within a four-year period are subjected to both
formal and informal penalties. Formally, students from double-F schools are permitted to

transfer to another public school graded C or above’ and, during my analysis period, also

* The Florida Department of Education opts not to emphasize the labels of “basic” and “proficient” and
only began using these labels to fulfill NCLB requirements.

® On the FCAT writing test, a student’s performance is only expressed as an achievement level ranging
from 1 to 6 in increments of 0.5, and standards for determining adequate writing achievement have evolved
over time.

® In this paper, “FCAT” refers to the set of high-stakes tests that Florida calls the FCAT Sunshine State
Standards (SSS) tests. Florida calls the Stanford tests “FCAT norm-referenced tests,” but | will only refer
to these tests as “low-stakes tests” to avoid confusion. Up through spring 2000, students took FCAT
reading tests in grades 4, 8, and 10 and took FCAT math tests in grades 5, 8, and 10, and these scores were
reported for accountability purposes. In spring 2001, only scores from these same subject-grade
combinations were reported for accountability purposes, but all students in grades 3 through 10 took FCAT
reading and math tests. In spring 2002, FCAT reading and math scores in all grades from 3 to 10 began to
be reported for accountability purposes. The FCAT writing test has always been administered to and
reported for grades 4, 8, and 10. FCAT science tests have recently been added to the state accountability
system but were not relevant to school rating calculations in the period of my analysis. Since 2000,
students have taken the Stanford Achievement Tests annually in grades 3 through 10.

" The student’s district must offer her a place in at least one other school within the district. If she transfers
to the offered school, then the district incurs all transportation costs; the student may also transfer to a



have the option of accepting a state-funded voucher to enroll in a private school.® School
choice options serve as sanctions for double-F schools since a sufficiently large outflow
of students can lead to cutbacks in staff and even school closure. In practice, the voucher
take-up rate among eligible students was about 5% in 2002 (Peterson 2006); while
statewide data on the public school transfer option are not available, media reports from
one large district indicate that the take-up rate was about 3% in 2002 (Grech 2002).
Thus, double-F status triggers a nontrivial but still modest outflow of students.

Beyond school choice penalties, an unofficial sanction also accompanies a second
F: replacement of the incumbent principal. An examination of principal names for
elementary schools receiving two Fs in the 2002 to 2005 time period reveals that in all
five schools receiving both Fs under the same principal, a new principal was in place
immediately after the second F. This rate of principal turnover far exceeds the 15%
turnover rate in schools with just one F, as shown in Section V1. Nevertheless, a web
search for the names of the replaced principals indicates that many of these principals
were demoted rather than fired from their district. In sum, a school that has just recently
received its first F faces the threat of moderately — but not extremely — severe informal
and formal sanctions attached to subsequent failure.’

Performance criteria for avoiding F grades have changed over time. From 1999 to

2001, an elementary school could get a D or better if, in any one subject, the percent of

public school outside of the district with available space, but the student’s family incurs all transportation
costs in this case.

® The voucher option was ruled unconstitutional by the Florida Supreme Court in January 2006.

° In addition, F schools face the stigma of having received a failing designation. Figlio and Rouse (2006)
argue that test score improvements by F schools in the early years of the A through F grading system may
have been driven more by stigma than by the threat of school choice sanctions. However, stigma and
sanction threats are conceptually quite related: an F grade is stigmatizing at least partially because the state
has chosen to signal the serious negative connotations of this grade through its sanctioning regime.



students attaining an acceptable achievement level was sufficiently high."® However,
performance grades issued from 2002 to 2006 were based on very different criteria.
These grades were determined by a continuous point index, known as “grade points,”
equal to the raw sum of six components, three of which reflected percentages of the
school’s students attaining acceptable achievement levels in the tested subjects, and three
of which reflected percentages of students demonstrating acceptable achievement growth
between the previous and current year."* The major innovation of this index was the
inclusion of the latter three growth criteria. A school’s letter grade was then determined
by the interval of the grade point scale in which its grade point value lay; in particular,
schools earning fewer than 280 grade points were designated as F schools. Notably,
since the grade point index summed performance measures from multiple subjects,
schools could not avoid F grades merely by focusing on one subject.

Table 1 shows the range of the post-2001 grade point scale corresponding to each
letter grade as well as the 1999 through 2006 letter grade distribution for elementary
schools in Florida.> As shown in Table 1, the number of F schools rose sharply with the

implementation of the new grading system in 2002: although no schools received Fs in

19 gpecifically, in either reading or math at least 60% of students must score at level 2 or above on the
FCAT tests, or at least 50% of students must score at level 3 or above on the FCAT writing test.

1 Specifically, the six components are: (i) percent of the school’s students scoring at level 3 or above in
reading; (ii) percent scoring at level 3 or above in math; (iii) average of the percent scoring at level 3 or
above in writing and the percent scoring at level 3.5 or above in writing; (iv) percent demonstrating
substantial growth in reading; (v) percent demonstrating substantial growth in math; (vi) percent of the
school’s bottom quartile achievers in reading demonstrating substantial growth in reading. Since each
percentage ranges from 0 to 100, the grade point index ranges from 0 to 600. Substantial growth in a given
subject is defined as follows. A student scoring at level 3 or above in the prior year is regarded as making
substantial growth if she achieves the same level or higher in the current year. A student scoring at level 1
or 2 in the prior year is regarded as making substantial growth if her achievement level increases by at least
one level in the current year, or if the difference in scale scores between the current and prior year exceeds
one year’s worth of growth. The definition of one year’s worth of growth is rather elaborate; see Florida
Department of Education (2003) for details.

12 'only consider schools classified by the FLDOE as having a solely “elementary” grade span and do not
consider schools with a “combined” elementary-middle or elementary-middle-high school grade span.



2001, 38 elementary schools were designated as failing in 2002. It is advantageous to
study the impact of the 2002 F grades on subsequent school performance because these F
grades resulted almost exclusively from the implementation of the new grading scheme
rather than from an idiosyncratic dip in performance that would lead to subsequent mean
reversion. Indeed, my calculations indicate that only one of the 38 elementary schools
receiving an F in 2002 would have received an F if the pre-2002 grading scheme had
been in place in 2002.%*

Finally, it is worth noting that a school’s receipt of a 2002 F grade did trigger a
small amount of assistance from the state. Principals of F schools attended a summit to
connect with subject specialists who would volunteer to provide technical assistance for a
few hours each month (Hegarty 2002). Each F school also received state funding to hire
one reading specialist. Thus, the effect of an F-triggered sanction threat cannot be
disentangled from the effect of this assistance. Nevertheless, local educators regarded
this assistance as quite modest (Flannery 2002), and in nearly all states sanction threats
are conjoined with some form of state assistance. Schools’ responses to the receipt of a

2002 F grade are thus informative of the inducement effects of a typical sanction threat

scenario.

13 Calculations are available from the author upon request.

¥ It is also important to note that during the 2001-02 school year schools were unlikely to have been able
to anticipate their 2002 grades. Although the details of the new grading system were unveiled in November
2001 and approved in December 2001 (Harrison and Stepp 2001; Stepp 2001), the formulas for
determining these new grades were just too complex for any school to form a reasonably accurate
prediction of its grade.



III. Method for Estimating Initial Threat Effects on Test Scores

| first estimate the extent to which a school’s receipt of a 2002 F grade impacts its
test scores in 2003. The structure of school ratings in Florida is highly suited for
empirical identification of threat effects through a regression discontinuity (RD) design.
Whereas the unobservable factors influencing students’ test scores, such as mean
reversion and persistent school quality, are likely to be smoothly dependent on their
schools’ prior performance, a school’s immediate threat status in 2003 is discontinuously
determined by whether its 2002 grade point value lies below the F/D threshold of 280
points. Any observed, discontinuous difference in 2003 achievement between “F” and
“D” schools arbitrarily close to the threshold can be attributed to the short-run impact of
sanction threats. This approach follows a “sharp RD design” (Hahn et al. 2001) since a
school’s 2002 grade point value in relation to the threshold completely determines
whether it receives an F and its concomitant sanction threat.™

To implement this approach, | designate 2002 as “year 0” and 2003 as “year 1”

for notational convenience, and | let y,, be the test score of student i attending school s
inyear 1, F,, be an indicator for whether school s received an F at the end of year 0, and
GrdPts,, be the grade points earned by school s at the end of year 0. First, I estimate the

expected value of year 1 achievement for a student attending a (hypothetical) F school
with a year 0 grade point value precisely at the F/D threshold; this quantity is the

intercept ¢ from a regression of students’ year 1 scale scores on their schools’ year 0

grade points (net of 280), estimated using F schools with grade point values lying below

15 West and Peterson (2006) also estimate the short-run effects of the 2002 F grades on achievement in
2003. Although some of their analyses resemble a regression discontinuity design, they do not implement
the more formal regression discontinuity methodology described in this section, and their estimates for the
F effects are smaller than those found by my analyses.



280 points by less than a distance or “bandwidth” h:

(1) Yie = @ + B (GrdPts,, —280) + ¢, st —h<GrdPts,, —280<0.

Likewise, to estimate expected year 1 achievement in a D school at the F/D threshold, |

obtain the intercept @, from a comparable regression using D schools with grade point

values exceeding 280 points by less than h:

2) Yia = ap + P (GrdPts,; —280) + &, s.t. 0<GrdPts,, —280<h.

The estimated difference & —a,, in year 1 scores between an F-graded and D-graded

school precisely at the F/D threshold measures the effect of the F grade. This local linear
regression approach essentially follows Imbens and Lemieux’s (2008) guidelines for RD
design. In practice, | combine estimation of the F-sided and D-sided local linear
functions into one regression and control for a vector X of covariates:

(B) Vi =B+ BFy + B, (GrdPts,, — 280) + S;(F., x (GrdPts,, — 280))+ X, ¥ + &y

In equation (3), the estimated coefficient ,51 on the F grade indicator captures the short-

run effect of the F grade on test scores. Each student’s scale score is standardized by the
statewide mean and standard deviation of scores in the student’s expected grade level
from an initial year; therefore, effect sizes are expressed in terms of standard deviations
(s.d.) of student-level scores.'®

Although the RD design is able to identify the causal effect of F grade receipt, the

estimand, E(y,, | F,, =1 GrdPts,, =280)-E(y, | F,, =0, GrdPts,, =280), must be

interpreted carefully. The estimated average effect is conditional on a fairly low grade

point value of 280, so nothing inherent in the design permits generalization to higher-

18 The initial year, or the year in which the test is first given to all grade levels, is 2001 for the FCAT and
2000 for the low-stakes test. “Expected grade level” is the grade level in which the student would be
observed if she were not retained in any year after her first year of being observed in the dataset.



performing schools. Moreover, the treatment group, consisting of hypothetical F schools
precisely at the threshold, must improve performance only by an arbitrarily small amount
to avoid sanctions. Thus, the RD design mimics a randomized experiment in which the
treatment group faces consequences if its performance is minutely lower in the following
year, whereas the control group will only face such consequences after two years of
minutely lower performance. Essentially, the RD design captures responses to the
immediacy of sanction threats but not to the existence of a sanction component in the
accountability regime. Immediacy of sanction threats is of considerable relevance to
current policy debates: whereas the existence of sanctions was common even prior to
NCLB, strict sanction timelines prescribed by the federal law have subjected more
schools to immediate sanction threats.'” Moreover, insofar as the stakes are higher when
threats are more immediate, schools under immediate threat have the greatest incentives
to raise test scores.

When estimating equation (3), | use regular, non-charter elementary schools
operational in both 2002 and 2003.%% In order for the F grade dummy to indicate the
presence of sanction threats rather than actual sanctions, | remove from the estimation
sample seven F schools and fifteen D schools that received F grades in any year from
1999 to 2001, leaving 28 F schools and 100 D schools in the bandwidth-unrestricted
sample. Figure 1 shows the number of in-sample schools observed within each five-point

bin of 2002 grade points. Reassuringly, the densities of schools immediately below and

7 Under NCLB, penalties must be imposed on schools aided by the federal Title | program after two
successive years of failure to meet a performance standard known as “adequate yearly progress.”

'8 Among the elementary schools receiving F or D grades in 2002, one F school and one D school are
charter schools, and one F school and two D schools are no longer in existence in 2003. Moreover, one F
school and three D schools were classified by the FLDOE as “elementary” in 2002 but were classified as
having a “combined” (e.g. elementary and middle) grade span in 2003; although I only use schools
classified as “elementary” in 2003, this sample criterion does not impact the results.



above the threshold are similar, indicating that it is unlikely for schools in the proximity
of the threshold to have actively manipulated their letter grade status.™

Within the schools of interest, since students only begin taking state tests in third
grade, | limit the sample to fourth, fifth, and (the very few) sixth graders enrolled in 2003
in order to observe prior-year test scores.?’ Furthermore, in most regressions | restrict
attention to *“accountable students,” or the three-fourths of students included in school
grade calculations. This group excludes students with disabilities,* those in the first or
second year of English for Speakers for Other Languages (ESOL),? and those not
continuously enrolled at the same school from the fall to the spring. Since excluded
students still take all tests, | do present additional results for threat effects on excludible
test scores and on the probability of student reclassification.

Student-level longitudinal data on the population of students in Florida’s public
schools were provided by the Florida Department of Education (FLDOE). | have access
to data on every student’s reading and math scores, demographic characteristics,
disciplinary information, and attendance rates from the 1998-99 to 2004-05 school years.
The data do not include writing scores.

Before proceeding to the formal regression results, it is instructive to examine

graphical depictions of the effects of the F grade. Figures 2a, 2b, and 2c plot grade

19 This observation is in the spirit of McCrary’s (2008) test for agents’ manipulation of the treatment-
determining variable in an RD design. However, the number of bins in my analysis does not yield enough
statistical power to conduct a formal test of manipulation.

20 In Florida, a typical elementary school spans kindergarten through fifth grade (although a few elementary
schools also have sixth grade), and a typical middle school spans sixth through eighth grade.

2! Students are excluded if they are: educable mentally handicapped, trainable mentally handicapped,
orthopedically impaired, language impaired, deaf or hard of hearing, visually impaired, emotionally
handicapped, specific learning disabled, profoundly mentally handicapped, dual-sensory impaired, autistic,
severely emotionally disturbed, traumatic brain injured, developmentally delayed, or “other health
impaired.”

22 | do not observe how long a student has been enrolled in ESOL, so | count all students in ESOL as
“excluded.” Since only 5 to 6 percent of students in F and D schools are in ESOL, this procedure will only
slightly inflate the number of excluded students.



points, average FCAT reading scores, and average FCAT math scores, respectively,
achieved by schools in 2003 (or year 1) against their grade points in 2002 (or year 0).
Data points represent actual values of the dependent variable averaged within five-point
bins of 2002 grade points, and the 2002 grade point scale is divided by a vertical line
representing the F/D threshold. Strikingly, Figure 2a shows that the average 2003 grade
point value for each F-graded bin exceeds the 280-point threshold for avoiding another F.
A scatter plot of individual schools (not shown) would reveal that all except one of the
schools graded F in 2002 managed to earn a D grade or better in 2003.

On either side of the F/D threshold in figures 2a through 2c, | have also drawn
lines representing local regressions of the dependent variable on 2002 grade points,
estimated using various bandwidths but without controlling for any covariates. For a
given bandwidth, the difference between the intercepts of the F-sided and D-sided
regression lines at the F/D threshold depicts the estimated F effect. In each figure, the
depicted F effect is clearly positive at all bandwidths but appears to expand as
bandwidths diminish. It is therefore of importance to select the preferred bandwidth
carefully.

Bandwidth selection is informed by minimizing a statistical quantity known as the
cross-validation criterion (Ludwig and Miller 2005; Imbens and Lemieux 2008). The
underlying concept is as follows: since the local linear regressions to the left and right of
the F/D threshold are aimed at predicting y,, precisely at the discontinuity, the chosen
bandwidth on either side of the threshold should minimize the expected squared

prediction error at the threshold. The cross-validation criterion is an estimate of this

expected squared error for each candidate bandwidth h. To construct this estimate, I



identify two groups of schools, labeled G™ and GP®, consisting of the 50% of F-graded
and D-graded schools, respectively, that are closest to the threshold in 2002. For each
school k e G™, I run a separate regression of school-averaged scores in year 1, y,,, on
year 0 grade points using only F-graded schools s to the left of (i.e., below) school k on
the grade point scale by less than a bandwidth h:

4) Vg =B, + fGrdPts, +¢, st GrdPts,, —h < GrdPts,, < GrdPts,,, .

For a fixed value of h, each separate estimate of equation (4) produces a fitted value ﬂ‘l

for a different school k, and the F-sided cross-validation criterion is the mean squared
prediction error

1
|G|

(5)  CV.(h)= > V)’

keGF
over all schools k in GF . Likewise for D schools, | estimate regressions of the form?®

(6) Va =0, + BGrdPts, + &, st.  GrdPts,, < GrdPts,, < GrdPts,, + h

separately to the right of each k € G® to obtain f/&, and | calculate the D-sided cross-

validation criterion

(1) CVy(h)= > (YY)’

keGP

1
|G|
On the F and D sides of the threshold, I thus give preference to bandwidths h* that come
close to minimizing CV, (h) and CV, (h), respectively.

Figures 3a and 3b plot CV. against bandwidth when FCAT reading scores and

FCAT math scores are the dependent variable, respectively. In both subjects, the F-sided

%% |In estimation of equations (4) and (6), schools are weighted by the number of accountable students.
Also, estimation samples for equation (4) exclude an outlying school located at a 2002 grade point value of
248; this school is evident in Figures 2a through 2c.



cross-validation criterion drops considerably as a function of bandwidth until bandwidths
reach about 28 points, beyond which the criterion stays near its minimum. Figures 3c

and 3d show that CV,, is generally much flatter as a function of bandwidth and stays

fairly close to its minimum value at bandwidths of 20 points and beyond. Thus, if a
consistent bandwidth is to be used, a 28-point bandwidth is the smallest at which all
cross-validation criteria are near their minima. To ensure that estimates for the F grade
effects are not unduly influenced by observations far away from the F/D threshold, | use

this smallest justifiable bandwidth in the main analyses that follow.

IV. Results for Initial Threat Effects on Test Scores

Given that Figures 2a through 2c visually indicate a positive effect of 2002 F
grades on test scores in 2003, | turn to more formal results based on estimation of
equation (3) in the presence of covariates. Covariates have little influence on the size,
but greatly improve the precision, of the estimated F effects. Table 2 lists the control
variables used in equation (3) and provides sample means. Controls include variables for
each student’s demographic characteristics and prior achievement, for the average
characteristics of the student’s school-by-grade peers, for various measures of prior-year
school resources, and for prior-year instructional quality (gauged by test score value

added) in the student’s current school-by-grade.?*?*> Table 2 also shows the predicted

24 Specifically, with a student’s 2003 FCAT score in a given subject as the dependent variable, the set of
control variables consists of: indicators for blacks, Hispanics, females, students on free or reduced-price
lunch, and students new to their school in 2003; mean values of the preceding indicators in the student’s
school-by-grade peer group; cubic polynomials of the student’s 2002 scores in FCAT reading and FCAT
math; linear terms of the student’s 2002 scores in low-stakes reading and low-stakes math; mean values of
2002 (averaged FCAT and low-stakes) reading scores and 2002 (averaged FCAT and low-stakes) math
scores in the student’s current school-by-grade peer group; 2003 grade level indicators; indicator for the
student’s school being located within or on the fringe of a large city, defined by the Common Core of Data;
operating costs per pupil (logged), pupil-to-teacher ratio, and average teacher experience in 2002 for the



values of each covariate at the discontinuity from F-sided and D-sided local linear
regressions of the covariate on 2002 grade points. In an ideal RD design, covariates
should be balanced between treatment and control units at the discontinuity. Table 2
indicates that the F-sided and D-sided predicted values do not significantly differ for
most covariates. Race/ethnicity composition and prior reading instructional quality are
not balanced between F and D schools, but the differences are not significant at the 5%
level, and inclusion or exclusion of these variables does not alter the basic conclusions
described below.

Table 3 presents estimates for the short-run effects of a school’s 2002 F grade on
the test scores of its accountable students in 2003. Estimates based on the preferred 28-
point bandwidth indicate that the onset of sanction threats from being graded as failing
induced threatened schools to raise FCAT scores in the following year by 0.11 standard
deviations (s.d.) in reading and 0.12 s.d. in math.?® In reading, the estimated F effect on
FCAT scores does not vary considerably with bandwidth; in math, however, estimated
effects rise appreciably as bandwidths diminish.

One possible threat to internal validity is the potentially confounding influence of

mean reversion. Since annual, school-level aggregate test scores are noisy measures of

student’s current school (obtained from the online Florida School Indicator Reports); and mean 2002 value
added on the given test generated by the student’s current school-by-grade instructional team, where value
added is the residual from a statewide regression of 2002 scores on all individual test score covariates in
2001. When low-stakes scores are the dependent variable, all control variables remain the same, except
that the set of individual prior-year achievement variables consists of cubic polynomials of 2002 low-stakes
scores and linear terms of 2002 FCAT scores, and value-added measures are based on residuals of low-
stakes scores.

% Even though the 2002 grade point index already incorporates some value added elements, these elements
take the form of percentages of students demonstrating acceptably high achievement growth, rather than a
simple mean of value added across students. Thus, adding controls for mean 2002 value added generated
by the student’s current school-by-grade instructional team still improves the precision of the estimates.

26 Without covariates, the estimated F effects on FCAT reading scores and FCAT math scores are 0.110
(with standard error 0.106) and 0.145 (with standard error 0.104), respectively, at a 28-point bandwidth.
Thus, as mentioned previously, inclusion of covariates leads to little change in point estimates but
considerable improvement in precision.



true school performance (Kane and Staiger 2002a, 2002b; Chay et al. 2005), schools
receiving F grades in 2002 may have experienced transitory negative shocks that ceased
to be present in 2003. If so, then inclusion of controls for historical school performance
in 2001, 2000, and 1999*" would have tended to diminish the size of the estimated F
effects, which is not borne out by results in the penultimate row of Table 3.

Results from a “placebo test” also confirm that mean reversion is unlikely to be
driving the main results. Suppose that the estimated effects of the 2002 F grades were
due to a mean-reverting tendency for the worst-performing schools in a given year to
bounce upward in performance in the following year. In such a scenario, schools that
would have earned Fs in 2001 on the new grade point scale, had the new scale been in
place, should exhibit a significantly greater test score improvement from 2001 to 2002
than schools that would have scored in the D range of the scale, even though in actuality
the scale was not in place and no F grades were issued in 2001. As detailed in Appendix
A, | thus assign “2001 pseudo-grades” to schools on the basis of a grade point index
constructed analogously to the actual 2002 index. I find that pseudo-F schools improved

by insignificant increments of 0.038 s.d. in FCAT reading and 0.018 s.d. in FCAT math

%" The timing of test introduction is the main constraint for constructing historical measures of school
performance. Recall that the FCAT tests and low-stakes tests are administered to all third through tenth
graders beginning in 2001 and 2000, respectively; up through 2000, FCAT tests are administered to
selected grades only, and I only possess students’ FCAT achievement levels, but not their scale scores,
from the pre-2001 period. Thus, when FCAT (respectively, low-stakes) scores are the dependent variable
in equation (3), | construct the measure of 2001 school performance to be the school-average residual from
a statewide regression of students’ 2001 FCAT (low-stakes) scores in the given subject on grade level
dummies and cubic polynomials of the students’ 2000 low-stakes reading and math scores. When FCAT
scores are the dependent variable, the measure of 2000 school performance is the fraction of students
attaining level 2 or above on the FCAT in the given subject; when low-stakes scores are the dependent
variable, the measure of 2000 school performance is the school’s average low-stakes score (adjusted for
grade level) in the given subject. For all dependent variables, the measure of 1999 school performance is
the fraction of students attaining level 2 or above on the FCAT in the given subject.



relative to pseudo-D schools from 2001 to 2002,% indicating that the significant effects of
the actual 2002 F grades are unlikely to be generated by mean reversion.

Another potential source of bias stems from possible student self-selection into or
out of F and D schools immediately after the 2002 grades were issued, in such a way that
unobservable student characteristics are not balanced across the discontinuity in 2003.
Such a scenario is unlikely, given the absence of explicit school choice options for
students of single-F and D schools. Nevertheless, | conduct a robustness check by
switching to an estimation sample of students who are predicted to attend an F or D
school in 2003 due to being observed in a non-terminal grade level of that school in 2002.
The indicator for actually attending an F school in 2003 is then instrumented by an
indicator for being predicted to attend an F school within a fuzzy RD design.?® The IV
estimates, shown in the final row of Table 3, yield F grade effects of 0.12 s.d. and 0.09
s.d. on FCAT reading and math scores, respectively, with the math effect losing statistical
significance due to greater estimator imprecision. Overall, the IV estimates remain fairly
proximate in magnitude to the estimates from the main specification.

In the last two columns of Table 3, I show the estimated effects of F grades on
low-stakes scores. | find no evidence that low-stakes reading scores rise as a result of
sanction threats. In math, the estimated gain in low-stakes scores from attending a
threatened school is about 0.06 s.d. at the preferred bandwidth but is insignificant and

highly sensitive to bandwidth. The larger effects of accountability pressure on high-

%8 These relative improvements are estimated from regressions using a pooled sample of accountable
students attending pseudo-F or pseudo-D schools in either 2001 or 2002. | regress 2002 FCAT scores on
school dummies, a year 2002 dummy, and an interaction term between the year 2002 dummy and a dummy
for a 2001 pseudo-F grade; the relative improvement is the coefficient on the interaction term. | also
control for the same covariates used in equation (3), with the exception that lagged FCAT scores are
unavailable and are thus replaced by a cubic polynomial of lagged low-stakes scores.

% The first-stage coefficient on the instrument is 0.793 (with standard error 0.033).



stakes scores relative to low-stakes scores can be due to various factors, as discussed by
Jacob (2007). One possibility is that schools manipulate testing conditions more actively
on high-stakes testing days, but the analyses in section V will show the unimportance of
these gaming behaviors in accounting for high-stakes gains. Other possible explanations,
which | do not have the data to evaluate, include differential student effort and
differences in test format or content between the high-stakes and low-stakes exams.

Table 4 examines the extent to which the test scores of different student
subpopulations rise as a result of attending threatened schools. In both reading and math,
sanction threats have the greatest positive effect on the test scores of students who
performed most poorly during the previous year. The greater magnitude of effects on the
lowest-performers is unsurprising since these students have the largest potential for
growth that boosts schools’ value added measures; however, these patterns differ from
those found in school rating regimes based on pass rates, which yield the largest effects
on students near the margin of passing (Jacob 2005; Reback 2008; Neal and Schazenbach
2008). Table 4 also shows that a school’s receipt of an F has negative effects on the test
scores of students excluded from school rating calculations; although imprecise, these
estimates nevertheless suggest that the types of responses undertaken by threatened
schools do not appear to benefit excluded students.

Since the test scores of accountable and excluded students show strikingly
different responses to sanction threats, it is possible that the positive effects observed for
accountable students are the spurious artifacts of strategic efforts by threatened schools to
exclude students who are unlikely to improve. Although | do not observe ex ante the

likelihood that any particular student will improve, I test whether receipt of an F grade



induces schools to increase the overall rate of exclusion, using the main RD specification
with a student-level exclusion indicator or disability indicator as the dependent variable.*
The results, displayed in Table 5, provide no support for the hypothesis that sanction
threats increase the overall rate of exclusion. The F grade is observed to have a modest
effect on the disability rates of students already proficient in math, but this subpopulation
accounts for very little of the test score gains from accountability pressure. In all, Table 5
confirms that the observed F grade effects on the test scores of accountable students are
not driven by increased student reclassification.

In sum, | find that the onset of sanction threats leads to a moderately sizable rise
in the high-stakes test scores of students included in accountability calculations during
the first year of a school’s threatened status. Sanction threats have little to no positive
effects on test scores irrelevant to school ratings. These short-run effects highlight the
importance of discerning the sources of observed achievement gains by accountable

students.

V. Medium-Run Threat Effects on Test Scores

To determine whether educational reforms are primarily responsible for short-run
test score gains from sanction threats, | analyze whether sanction threats have persistent
impacts on students who have attended a school in its first year of threatened status.
Recall that students from the estimation sample are observed in fourth through sixth

grades in year 1 (2003), and | now consider their test scores in the medium run period

% |n addition to the covariates used in equation (3), | also control for the lagged dependent variable, the
mean of the lagged dependent variable in the student’s school-by-grade peer group, and the mean 2002
“value added” in the dependent variable generated by the student’s current school-by-grade instructional
team, where value added is the residual from a statewide regression of the variable in 2002 on the variable
in 2001.



encompassing years 2 and 3 (2004 and 2005), by the end of which most students will
have completed one to two years of middle school. Specifically, | examine whether
students’ test scores in years 2 and 3 are discontinuous at the 280-point threshold that
determined whether they attended a threatened school in year 1. To establish additional
notation, let s continue to index a student’s current school, but let k index the school that

the student attended in year 1. Fort=2and 3, | run local linear regressions of y,,, , the
test score of student i currently attending school s in year t, on the grade points GrdPts,,

earned in year 0 by the school k that she attended in year 1.

Yie = By + BiFyo + B, (GrdPts,, — 280)
+ B,(F, x (GrdPts,, — 280))+ X,

ist

(8) t=2,3.

'Y + gist
The medium-run effect of accountability pressure is captured by the coefficient on F,,,

the indicator for whether a student’s year 1 school received an F in year 0. | continue to
use a bandwidth of 28 points for the RD design. In addition to the controls used in
equation (3) for the estimation of initial F effects, equation (8) also includes a temporally
expanding set of controls for three features of the student’s educational environment in
each of the years 2 through t: characteristics of the student’s school-by-grade peer group,
quality of the student’s school-by-grade instructional team as measured by value added

generated in year 0, and school quality as measured by school grade points in year 0.3

% Specifically, with a student’s FCAT score in year t (t = 2, 3) on a given subject as the dependent variable,
I include additional controls for the following factors observed in each of the years 2 through t: fraction
black, fraction Hispanic, fraction female, and fraction on free or reduced-price lunch in the student’s
school-by-grade peer group; mean values of year O (averaged FCAT and low-stakes) reading scores and
year 0 (averaged FCAT and low-stakes) math scores in the student’s school-by-grade peer group; mean
value added on the given test in year 0 generated by the student’s current school-by-grade instructional
team, where value added is the residual from a statewide regression of 2002 scores on all individual test
score covariates in 2001; school grade points in year 0; and indicators for missing values of the value added
and grade point variables. The value added and grade point variables are measured in year 0 so that they
are not a function of achievement in years 1 and beyond; since my analyses are aimed at assessing the total
cumulative effect of attending a threatened school in year 1 on test scores in year t, a control variable that is



As before, covariates improve precision but do not materially change the point estimates.

Table 6 shows the estimated effect of attending a threatened elementary school in
year 1 on a student’s FCAT reading score in that year and in the subsequent two years.
The first column simply restates the initial-year effects shown in Table 4. The next two
columns give the estimated F effects on reading scores in years 2 and 3 without
controlling for any variables beyond the covariates used in estimation of the initial-year
effects. The preferred medium-run estimates are shown in the final two columns, based
on regressions controlling for features of the educational environment that each student
has experienced up through the given year. According to estimates for the whole sample
of accountable students, the immediate reading improvement from attending a threatened
elementary school diminishes by more than half in the two years after exposure to the
initial year of pressure; the final, three-year cumulative improvement of 0.05 s.d. is both
practically and statistically insignificant. Point estimates do suggest some degree of
threat-induced reading gain in the medium run for students originally below reading
proficiency and for students initially exposed in fifth grade, but these estimates lack
precision. In sum, evidence for a persistent impact of sanction threats on reading scores
is, at best, weak and sensitive to sample definition.

However, | find stronger evidence of medium-run gains in math scores due to
sanction threats, as shown in Table 7. Again, | focus on the final two columns, which
display estimated F effects that control for middle school characteristics. For the whole
sample of accountable students, attending an elementary school in its first year of

threatened status cumulatively raises FCAT math scores by 0.11 s.d. over a three-year

a function of achievement in years 1 and beyond may inappropriately absorb some of the cumulative
effects of sanction threats.



period encompassing one to two years of middle school. This medium-run effect size is
nearly as large as the initial effect size from year 1. Notably, much of the persistent
effect is driven by students who attend fifth grade in year 1 and who thus experience just
one year of their elementary school’s threatened status. Although the medium-run effect
for students initially exposed in fourth grade is statistically insignificant, the effect for
those initially exposed in fifth grade is more than strong enough to render the effect in the
combined sample both significant and moderately sizable, unlike in the case of reading.

In Appendix B, | show the estimated medium-run effects of the F grade on FCAT
scores using a wide variety of specifications for the RD design, including different

bandwidths and different forms for the control function of the running variable GrdPts,, .

| also show alternative standard errors clustered at the level of the running variable
values, as proposed by Lee and Card (2008), rather than at the level of year 1 school.*®
The conclusion that attending a threatened school raises math scores in the medium run is
quite robust to different RD specifications and clustering approaches.®® In reading, the
estimated medium-run effects are generally insignificant and small in magnitude, with a
few exceptions. However, Rouse et al. (2007) restrict attention to students initially
affected in fifth grade and estimate significant medium-run F effects on reading scores.

Appendix C, which shows reading estimates stratified by cohort for various RD

specifications, confirms that estimated reading gains in the medium run are sensitive to

%2 Within the preferred bandwidth, while there are 88 schools, there are only 38 distinct running variable
values. In this case, it is not clear whether the finite sample distribution of the standard errors clustered by
running variable values is sufficiently close to the asymptotic distribution. Nevertheless, the two types of
clustering approaches yield very similar standard errors, as shown in Appendix B.

* Moreover, although 10.0% of students in the original year 1 sample are no longer observed in year 3,
simple back-of-the-envelope calculations can rule out the possibility that attrition is spuriously generating
the main findings on persistence. For example, even if the average latent F effect on the year 3 math scores
of attriters were equal to zero, the average F effect on year 3 math scores for the combined population of
attriters and non-attriters would still be 0.098 s.d. (= 0.9*0.109 + 0.1*0) under the preferred specification.



choice of cohort. The medium-run reading gain by initial fourth-graders is close to zero
in every RD specification, whereas some RD specifications, including Rouse et al.’s
choice of a cubic control function estimated on all elementary schools, yield significant
medium-run reading gains for initial fifth-graders. Given the sensitivity of the reading
estimates, | can draw no firm conclusions on the persistence of reading improvements
attributable to sanction threats.

In math, however, the finding that initial threat-induced improvements are
preserved in the medium run indicates that educational reforms, rather than school
gaming behavior, are likely to be the source of the initial gain. Notably, these findings
apply only to achievement on the high-stakes FCAT test, given that initial F effects on
low-stakes scores are weak. Nevertheless, the persistence of FCAT math gains provides
further motivation to identify specific reforms to educational production that may account

for these achievement gains.

VI. Changes to Educational Production by Threatened Schools

Open-ended phone interviews with school principals served as a starting point for
identifying possible reforms by which threatened schools sought to raise test scores and
for guiding subsequent econometric analysis. In the summer and fall of 2007, |
interviewed five principals who, in the 2002-03 school year, led elementary schools that
had received F grades in 2002, and | asked them to discuss their most important strategies

for raising student achievement shortly after 2002.3* Despite constituting a small sample,

% The average demographic characteristics of accountable fourth through sixth graders attending the
interviewees’ schools in 2002-03 are very similar to the average characteristics of F-school students shown
in the first column of Table 2. In the interviewees’ schools, 78% of students are black, 9% are Hispanic,
52% are female, 90% are on free or reduced-price lunch, and 18% are new to their school in 2002-03.



the interviews conveyed a surprisingly consistent portrait of five types of changes or
attempted reforms that the principals’ schools underwent soon after the onset of sanction
threats: promotion of positive school culture, greater use of assessments, curricular
alignment with tested content, increased staff turnover, and infusion of new financial
resources.

First, all of the interviewees reported intensifying efforts to promote a school
culture conducive to learning shortly after 2002. One type of desired cultural change was
attitudinal: four of the principals discussed the importance of raising and maintaining
high expectations for performance among staff members and students. Another type was
behavioral: at least three interviewees worked to enhance a sense of order within their
schools by emphasizing behavioral intervention, conflict resolution, and structured daily
routines. In all of the interviews, the principals conveyed a strong belief that a positive
school culture was an essential prerequisite for school improvement.

A second reform consistently highlighted by the interviews was an increased use
of assessments to guide instruction. According to the principals, regularly scheduled
assessments provided teachers with data by which they could monitor student progress
and modify instruction to address areas of weak performance. In at least three schools,
the principals hired outside consultants to guide the implementation of these and other
pedagogical changes, and most of the principals also purchased computer-based
programs to give students individualized tutorials and practice questions that generated

additional data for tracking student progress.

However, three of the five schools are from the same district, and two of the five schools do not have a
2002 grade point value within 28 points of the F/D threshold. One of the interviewees was her school’s
new principal in 2002-03, while the other four interviewees were incumbent principals in 2002-03. Also,
one of the principals opted to write responses by e-mail rather than to speak over the phone.



Changes in pedagogical methods were accompanied by curricular changes in the
expected direction: greater alignment with FCAT-tested content. Three principals stated
that they scrutinized FCAT content and students’ mastery of that content more closely as
they modified curricula shortly after 2002, and another principal lengthened instructional
time for FCAT-tested subjects at the expense of non-FCAT subjects.

Two other types of changes catalyzed by the F grade were mentioned in multiple
interviews. The receipt of an F seems to have triggered abnormally high teacher turnover
in at least three of the interviewees’ schools right before the beginning of the 2002-03
school year, and in two of those cases the higher turnover was partially due to involuntary
transfers of poorly performing teachers out of the F-graded schools. Finally, all five
principals indicated that their schools received additional financial resources from the
district or state as a result of the F grade; some specific funds were intended for hiring
subject specialists, or “coaches,” to help classroom teachers improve instruction and for
financing after-school or weekend supplemental instruction for low-achieving students.*
However, most interviewees placed little emphasis on the supplemental instruction funds
in discussing their improvement strategies, possibly because the funds were known to be
transitory allocations.

Although many reforms reported by the interviewees revolve around changes to
the technology of educational production that are not readily quantifiable, some of the
improvement strategies may be reflected in observable allocations of financial inputs. In
particular, the interviews suggest that activities related to the reform of pedagogy and

curricula may be likely candidates for increases in funding. | thus begin the formal

% Goldhaber and Hannaway’s (2004) case studies of two F schools in the early years of the grading system
also indicate that F schools received an influx of additional resources from their districts.



analysis of threat-induced changes in educational production by analyzing responses of
school spending.

From the FLDOE’s Office of Funding and Financial Reporting, | have obtained
data on annual school-level costs in various categories. Given a spending or resource

measure Ry, for school s within district d in year 1, | estimate threat effects on spending

with the standard RD specification based on a 28-point bandwidth:

) Ry = By + BiFo + B, (GrdPtsyy, — 280) + £, ( Fyyo x (GrdPts, —280)) +
+ ByRuso + BiR s o + XtV + €

The F grade indicator F,, is again the independent variable of interest. I control for the
lagged dependent variable R,,, the mean R_, ., of the lagged dependent variable for

other elementary schools in the same district, and a vector X of school characteristics that
may influence funding in year 1.*® In estimation of equation (9), all schools are weighted
by full-time equivalent enrollment in year 1, and all expenditures are expressed in 2001
dollars and then logged. Throughout this analysis, | do not distinguish whether
expenditure changes are due to the decisions of district or school administrators.

The first column of Table 8 presents the estimated impacts of an F grade on
various types of school expenditures during the first year of threatened status. Although
many of the effects are imprecisely estimated, their signs point to an expansion of
available resources for threatened schools. The observed decrease in the ratio of students

to staff units (including staff units used for supplemental instruction) and the observed

% | control for the district mean of the lagged dependent variable because the change in a school’s
allocation of a particular resource may depend on the school’s prior allocation relative to that received by
other schools in the district. The vector X consists of: fraction of students on free or reduced-price lunch,
fraction with a disability, fraction who are Limited English Proficient, and average FCAT reading and math
scores in year 0. The demographic characteristics are obtained from the online Florida School Indicator
Reports, and the average FCAT scores are generated from the student-level microdata.



increase in teacher salary costs per pupil, while not statistically significant, are consistent
in sign and magnitude with a moderate increase in supplemental instruction. Within the
broad category of direct instruction, the only specific item category for which the F grade
is found to have a statistically significant effect on spending is instructional equipment,
which includes computer hardware and software. As shown in the last column, the
absolute dollar increase in equipment expenditures attributable to the F grade is a
moderate increment of $151 per pupil, which is likely to reflect, in part, the principals’
reported purchases of computer-based tutorial programs for data-driven instruction.

The estimated F effects on expenditure categories outside of direct classroom
instruction show further hints that threatened schools attempt to modify pedagogy and
curricula. Receipt of an F grade raises a school’s expenditures on instructional and
curricular development by 76%, or about $189 per pupil; the increased costs in this
category partially stem from state financing for reading coaches but may also be due to
the hiring of consultants who are reported to have helped with curricular and pedagogical
reforms. Sanction threats are also observed to trigger a proportionally sizable, but not
quite statistically significant, rise of $42 per pupil in spending on teacher training, which
is further suggestive that threatened schools focus on reforming instructional methods.
Overall, findings from school expenditure data, when combined with principals’
responses in interviews, indicate that threatened schools spend more on the technology,
activities, and human resources that facilitate changes to pedagogy and curricula.

Unfortunately, both statistical analysis and prior literature provide little insight
into whether threat-induced spending changes are actually responsible for the observed F

effects on achievement. Statistically, in Table 9 | show estimated F effects on 2003 test



scores when the covariate set in equation (3) is expanded to include the 2002 and 2003
values of expenditure variables observed to be responsive to sanction threats. Since the
coefficients on the contemporaneous expenditure covariates are never significantly
positive, the estimated F effects on achievement do not diminish even after controlling
for school expenditures. This accounting approach is uninformative, however, because
the coefficients on these covariates do not have causal interpretations; variation in the
expenditure variables may stem from factors endogenous to achievement, such as
compensatory intra-district allocation rules or the preferences of school administrators.

Prior literature also provides uncertain guidance for determining whether
expenditure changes can be responsible for the test score gains of F-graded schools. The
existing literature on the response of test scores to school spending has generally studied
interventions, such as class size reduction, that involve far greater expenditure changes
than those observed in the F-graded schools (Hoxby 2000; Krueger 1999, 2003;
Hanushek 2003). The spending categories affected by the F grades are quite different
from those pertaining to class size, but the sparse literature on these specific types of
expenditures is also inconclusive. For instance, teacher training has been found to be
ineffective in Chicago (Jacob and Lefgren 2004) but quite effective in Jerusalem’s
secular schools (Angrist and Lavy 2001). Ultimately, it remains unclear whether the
expenditure shifts per se generate the observed test score gains or simply signal some
unquantifiable changes in curricula and pedagogy that raise achievement. At the very
least, the spending patterns are consistent with a major role for pedagogical and curricular
reforms in driving the positive threat effect on achievement.

In addition to pedagogical and curricular reform, promotion of positive school



culture was reported by principals of threatened schools to be crucial for successful
school improvement, and | proceed to analyze measures of cultural change. Although
largely immeasurable, school culture may be weakly reflected in rates of student
absences and disciplinary punishment. Positive cultural change could conceivably reduce
student absenteeism by fostering an environment to which students (and their parents)
feel more engaged. Potential effects on the prevalence of disciplinary punishment are
more ambiguous: motivational programs could reduce the incidents that necessitate
disciplinary punishment, whereas policies of zero tolerance for misbehavior could
increase the prevalence of punishment. From information available in the student
longitudinal data, | construct four student-level measures of problematic events in the
2002-03 school year: number of absences, an indicator for ten or more absences, an
indicator for receiving any serious punishment,*” and the number of incidents for which
the student receives serious punishments. Using the same RD framework as that in
equation (3), | estimate the effect of attending an F-graded school on these measures.*®
As shown in Table 10, a school’s entry into threatened status has no significant effect on
any of the measures of problematic events, with the possible exception of an unexpected
rise in student absenteeism among high achievers. Thus, either meaningful cultural
change did not actually occur in the first year of threatened status, or the measures used
in Table 10 are not sufficiently reflective of school culture.

Finally, I consider changes in school staff as a mechanism for school

%" The serious punishments are: placement in an alternative educational setting, corporal punishment,
expulsion, in-school suspension, out-of-school suspension, and court referral.

% | control for all covariates used in equation (3) as well as the lagged dependent variable, the mean of the
lagged dependent variable in the student’s school-by-grade peer group, and the mean 2002 “value added”
in the dependent variable generated by the student’s current school-by-grade instructional team, where
value added is the residual from a statewide regression of the variable in 2002 on the variable in 2001.



improvement. While | do not possess data on teacher mobility, I examine whether a
school’s receipt of an F raises the likelihood of principal replacement, given that
qualitative research on “effective schools” has identified principals’ leadership as a key
ingredient for school improvement (Purkey and Smith 1983). From communication with
district and school offices and examination of annual school improvement plans, | have
collected the names of principals in charge of the schools in the estimation sample during
the 2001-02 and 2002-03 school years. Tables 11a and 11b present evidence showing
that removal of incumbent principals cannot be responsible for the observed effects of
first-time F grades on test scores. As shown in Table 11a, the fraction of F schools with
principal turnover between 2001-02 and 2002-03, a modest 15%, was nearly identical to
the corresponding fraction of D schools. Moreover, estimated F effects on achievement
are virtually unchanged if the estimation sample is limited to schools without principal
turnover, as shown in Table 11b. From these findings, it appears that districts do not
regard principal removal as a desired strategy for reforming schools that have only failed

once.

VII. Conclusion

The threat of sanctions from school accountability systems provides powerful
incentives for low-performing schools to raise test scores, but there is the potential for
observed test score gains to stem from non-educational manipulation of testing
conditions. In this paper, | have provided two strands of evidence indicating that test
score gains from sanction threats are likely to arise from educationally oriented reforms.

First, exploiting the discontinuous structure of threat determination in Florida, | show that



students’ initial improvement in high-stakes math scores from attending threatened
elementary schools largely persists for at least one to two years after their entry into
middle school. Second, I show that a school’s entry into threatened status raises its
spending on inputs and activities thematically linked with curricular and pedagogical
reform. Both phenomena would have been unlikely to occur if threatened schools had
relied primarily on gaming strategies to raise test scores.

These findings from Florida are likely to be relevant for gauging the effects of
sanction threats in various other accountability systems. School choice sanctions similar
to those in Florida (but without vouchers) are becoming increasingly popular: as of 2006-
07, seventeen other states had the authority to permit student transfers from all low-
performing schools (Bausell 2007). However, authority does not necessarily imply that
the sanction is imposed with regularity; the findings of this paper are applicable insofar as
failing schools face a real prospect of sanctions attached to further failure. One system
that does have a firm timeline for the imposition of penalties, including public school
choice, is the NCLB-mandated sanction regime for schools receiving Title | aid. My
results are potentially informative of responses by poorly performing Title I schools to
being below the NCLB performance standard; however, as the performance standard has
been increasing over time, schools on the margin of being threatened have increasingly
been higher-performing schools, to which my analyses cannot necessarily be generalized.

Although the persistence of threat-induced math improvements may be an
encouraging finding for policymakers, the types of skills retained by affected students
deserve further investigation. The responses of interviewed principals, who indicate that

instruction within pressured schools is increasingly oriented toward the high-stakes



assessment, raise two questions regarding the productive value of “teaching to the test.”
First, it is important to determine whether persistence of observed improvements arises
from retained knowledge of subject content or greater familiarity with the format of test
questions; the latter type of familiarity is arguably of less value. Future analysis of
specific test questions should examine whether threat-induced achievement gains on
high-stakes test questions are reflected in gains on low-stakes test questions of similar
content but dissimilar format, along a line of inquiry similar to Jacob’s (2007) analysis of
aggregate test score inflation. Second, even for gains stemming from content mastery, it
is of interest to determine the types of skills and knowledge that students have retained.
For instance, Jacob (2005) has found that math achievement gains attributable to high-
stakes testing in Chicago were primarily concentrated in basic skills that are relatively
easy to teach, whereas gains in reading, a subject arguably less amenable to formulaic test
preparation, were more evenly distributed across test questions. In my paper, the stronger
evidence for persistence of math gains relative to reading gains raises the possibility that
the retained skills may indeed be those easiest to teach, but a rigorous analysis of this
question again requires data on responses to specific test items.

Finally, the modest expenditure increases but moderately sizable test score gains
that my analyses have attributed to sanction threats raise new questions for the
longstanding debate over the effects of school expenditures. | have already noted that
previous literature on school expenditures either concerns types of expenditures far
different than those affected by sanction threats or is too sparse and inconclusive for
drawing inferences on whether threat-induced expenditure changes can account for the

observed test score gains. Moreover, much of the existing literature examines contexts in



which there are weak to nonexistent incentives for using marginal expenditures to raise
student achievement. My findings leave open the possibility that small expenditure
increases on inputs related to pedagogical and curricular reform may impact achievement
within schools facing explicit pressures to improve. Future research should aim to find
exogenous variation for identifying the effects of these inputs on student achievement,
conditional on the presence of immediate sanction threats. Regardless of whether the
expenditures per se or the reforms that underlie them account for the test score gains
from sanction threats, the expenditure and test score responses estimated by this paper
provide evidence for the efficacy of accountability pressure in triggering educationally

oriented changes and persistent achievement gains.
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Figure 1. Number of Schools in Sample,
By School Grade Points in 2002
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Note: Each diamond represents the number of schools in a five-point bin of 2002 school grade points.



Figure 2a. Average School Grade Points in 2003,
By School Grade Points in 2002
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Figure 2b. Average Standardized FCAT Reading Score
In 2003, By School Grade Points in 2002
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Figure 2c. Average Standardized FCAT Math Score
In 2003, By School Grade Points in 2002
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Notes: Each diamond represents the average value of the dependent variable within five-point bins of 2002
school grade points. All local linear regression lines are drawn with slopes and intercepts prevailing at the
2002 grade point value of 280 points. “BWYy” denotes that the bandwidth is equal to y points. The BW40
line is estimated without the outlying observation located at a 2002 grade point value of 248 points, which
corresponds to one school.
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Figure 3a. F-Sided Cross-Validation Criterion
For FCAT Reading
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Figure 3c. D-Sided Cross-Validation Criterion
For FCAT Reading
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Figure 3b. F-Sided Cross-Validation Criterion
For FCAT Math
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Figure 3d. D-Sided Cross-Validation Criterion
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Table 1. Grade Point Intervals for Post-2001 Performance Grades and
Empirical Distribution of 1999-2006 Performance Grades

Grade Point Interval

Corresponding to Number of Elementary Schools

Letter Letter Grade from Receiving Letter Grade in:

Grade 2002 to 2006 1999 2000 2001 2002 2003 2004 2005 2006
A 410 - 600 117 475 362 597 870 962 946 943
B 380 - 409 199 170 309 350 338 319 324 360
C 320-379 670 573 601 422 272 259 283 289
D 280 - 319 436 254 212 121 52 62 79 36
F 0-279 63 4 0 38 16 9 18 7

Source: Author’s tabulations of data from the Florida Department of Education. Counts do not include schools classified by the Florida Department of Education
as having “combined” elementary-middle or elementary-middle-high grade spans.



Table 2. Sample Means and Predicted Values at F/D Threshold for
Control Variables and Exclusion Variables

Sample Means for Predicted Values at
Students in: F/D Threshold for:
Variable F Schools D Schools F Schools D Schools

Control Variables for Accountable Students

1{black} 0.811 0.608 0.901 0.705*
1{Hispanic} 0.097 0.148 0.056 0.188*
1{female} 0.537 0.516 0.510 0.512
1{free/reduced price lunch} 0.909 0.839 0.908 0.937
1{new student} 0.168 0.163 0.137 0.101
fraction in school-by-grade:

black 0.784 0.590 0.869 0.679*

Hispanic 0.121 0.170 0.083 0.218

female 0.495 0.488 0.478 0.481

free/reduced price lunch 0.926 0.853 0.920 0.945

new student 0.244 0.214 0.197 0.166
FCAT reading score in 2002 -0.491 -0.371 -0.425 -0.488
FCAT math score in 2002 -0.593 -0.463 -0.503 -0.570
low-stakes reading score in 2002 -0.455 -0.351 -0.406 -0.468
low-stakes math score in 2002 -0.482 -0.369 -0.364 -0.512
mean in school-by-grade:

2002 reading score (avg of FCAT & low-stakes) -0.677 -0.556 -0.614 -0.715
2002 math score (avg of FCAT & low-stakes) -0.735 -0.596 -0.634 -0.753

1{grade 4} 0.533 0.494 0.526 0.497
1{grade 5} 0.449 0.488 0.453 0.470
1{grade 6} 0.018 0.018 0.022 0.033
1{large city} 0.458 0.604 0.338 0.582
In(operating costs per pupil) in 2002 8.72 8.65 8.71 8.64
pupil-to-teacher ratio in 2002 14.9 15.9 14.8 15.0
avg teacher experience in 2002 10.5 10.5 11.5 10.2

mean value added generated by current
school-by-grade instructional team in 2002:
FCAT reading -0.122 -0.079 -0.156 -0.063*
FCAT math -0.165 -0.103 -0.159 -0.108

Exclusion Variables for All Students

1{excluded due to disability} 0.188 0.145 0.182 0.166
1{ESOL} 0.052 0.058 0.061 0.093
1{not enrolled in school in October} 0.064 0.046 0.054 0.053
1{excluded from accountability for any reason} 0.292 0.237 0.277 0.289

Total Sample Size
Number of accountable students 1897 8770
Number of schools 20 68

Notes: Sample means and sample sizes pertain to schools with 2002 grade point values within 28 points of
the F/D threshold. Predicted values at the F/D threshold are based on a local linear regression of the
indicated variable on 2002 grade points using a bandwidth of 28 points. Asterisks indicate that the D-sided
predicted value differs significantly from the F-sided predicted value at a: * 10% level ** 5% level

*** 106 level. Tests of significant differences are based on standard errors clustered by school.



Table 3. Effect of 2002 School F Grade on Test Scores of
Accountable Students in 2003

Dependent Var: Standardized test score in 2003

FCAT FCAT Low-Stakes Low-Stakes
Bandwidth/Specification Reading Math Reading Math
40 points 0.092 0.071 0.000 0.014
(0.052)* (0.053) (0.039) (0.043)
40 points without outlier 0.110 0.078 0.005 0.015
(0.050)** (0.053) (0.040) (0.044)
28 points 0.112 0.118 0.025 0.065
(0.056)** (0.052)** (0.045) (0.046)
20 points 0.118 0.173 0.038 0.124
(0.084) (0.074)* (0.053) (0.050)**
28 points with controls for 0.107 0.123 0.028 0.061
1999-2001 school performance (0.057)* (0.050)** (0.046) (0.045)
28 points with attendance in F school 0.122 0.087 0.042 0.040
instrumented by predicted attendance (0.067)* (0.056) (0.051) (0.054)

Notes: Each cell, taken from a separate regression, is the estimated coefficient on an indicator for attending
a school with a 2002 F grade in 2003. Standard errors clustered by school are in parentheses. Asterisks
indicate significance at: * 10% level ** 5% level *** 1% level. Sample sizes by bandwidth/specification
(FCAT sample size, low-stakes sample size) are: 40 points (15743, 15734), 40-points without outlier
(15682, 15673), 28 points (10667, 10670), 20 points (6500, 6495), 28 points with 1999-2001 controls
(10667, 10670), and 28 points with instrument (11016, 11028). All regressions include the control
variables listed in Table 2 as well as: 2002 school grade points, 2002 grade points interacted with F grade
indicator, and quadratic and cubic terms in student’s 2002 reading and math scores on the indicated test
(FCAT or low-stakes). School-level and school-by-grade level control variables in the instrumental
variables specifications refer to the student’s predicted school. “Outlier” refers to a single school with a
2002 grade point value of 248; see Figures 2a through 2c.



Table 4. Effect of 2002 School F Grade on Test Scores in 2003:
By Subpopulation
Dependent Var: Standardized test score in 2003

FCAT FCAT Low-Stakes Low-Stakes
Subpopulation Reading Math Reading Math
All Accountable Students 0.112 0.118 0.025 0.065
(0.056)** (0.052)** (0.045) (0.046)
Level 1 (below basic) in subject in 2002 0.156 0.175 0.036 0.127
(0.069)** (0.083)** (0.052) (0.052)**
Level 2 (basic) in subject in 2002 0.115 0.039 0.023 0.028
(0.064)* (0.060) (0.064) (0.056)
Level 3 (proficient) or above in subject in 2002 0.056 0.097 0.030 0.032
(0.056) (0.057)* (0.048) (0.066)
Grade 4 in 2003 0.104 0.117 0.009 0.045
(0.084) (0.080) (0.066) (0.061)
Grade 5 in 2003 0.091 0.165 0.030 0.096
(0.061) (0.075)** (0.048) (0.077)
Excluded Students -0.088 -0.046 -0.023 -0.059
(0.065) (0.099) (0.062) (0.066)

Notes: Each cell, taken from a separate regression, is the estimated coefficient on an indicator for attending
a school with a 2002 F grade. Standard errors clustered by school are in parentheses. Asterisks indicate
significance at: * 10% level ** 5% level *** 1% level. Sample sizes by subpopulation (FCAT reading
sample size, FCAT math sample size, low-stakes reading sample size, low-stakes math sample size) are: all
accountable (10667, 10667, 10670, 10670), level 1 (4120, 3775, 4124, 3785), level 2 (2130, 3191, 2130,
3193), level 3 or above (4417, 3701, 4416, 3692), grade 4 (5346, 5346, 5345, 5345), grade 5 (5132, 5132,
5139, 5139), and excluded (3508, 3508, 3506, 3506). All regressions use a 28-point bandwidth and include
the control variables listed in Table 2, as well as: 2002 school grade points, 2002 grade points interacted
with F grade indicator, and quadratic and cubic terms in student’s 2002 reading and math scores on the
indicated test (FCAT or low-stakes).



Table 5. Effect of 2002 School F Grade on
Exclusion Status in 2003: By Subpopulation

Dependent Var: Indicator for
Being in Exclusion Category

In 2003
Subpopulation Disability Any Exclusion
All Students 0.001 0.013
(0.010) (0.019)
Level 1 (below basic) in math in 2002 -0.002 0.019
(0.016) (0.028)
Level 2 (basic) in math in 2002 -0.008 0.015
(0.012) (0.025)
Level 3 (proficient) or above in math in 2002 0.019 0.003
(0.010)* (0.026)
Mean of Dependent Var in D schools 0.145 0.237

Notes: Each cell, taken from a separate regression, is the estimated coefficient on an indicator for attending
a school with a 2002 F grade. Standard errors clustered by school are in parentheses. Asterisks indicate
significance at: * 10% level ** 5% level *** 1% level. Sample sizes by subpopulation are: all
accountable (14175), level 1 (6102), level 2 (3892), and level 3 or above (4181). All regressions use a 28-
point bandwidth and include the control variables listed in Table 2, as well as: 2002 school grade points,
2002 grade points interacted with the F grade indicator, quadratic and cubic terms in the student’s 2002
reading and math FCAT scores, lagged dependent variable, mean of the lagged dependent variable in the
student’s 2003 school-by-grade level group, and mean 2002 value added in the dependent variable
generated by the student’s current school-by-grade instructional team.



Table 6. Effect of Attending F-Graded School in Year 1 on
FCAT Reading Scores in Years 1 through 3: By Subpopulation

Dependent Var: Standardized FCAT Reading Score

With Same Controls As With Additional
Those Used in Year 1 Controls
Year 1 Year 2 Year 3 Year 2 Year 3
All Accountable Students 0.112 -0.013 0.050 0.002 0.050
(0.056)** (0.049) (0.060) (0.047) (0.060)
Level 1 (below basic) in reading in year 0 0.156 0.049 0.099 0.064 0.086
(0.069)** (0.064) (0.074) (0.061) (0.080)
Level 2 (basic) in reading in year 0 0.115 -0.020 0.068 -0.013 0.070
(0.064)* (0.050) (0.074) (0.055) (0.078)
Level 3 (proficient) or above in reading in year O 0.056 -0.069 -0.009 -0.045 0.021
(0.056) (0.056) (0.060) (0.054) (0.053)
Grade 4 in year 1 0.104 -0.067 0.055 -0.066 0.044
(0.084) (0.060) (0.065) (0.063) (0.065)
Grade 5 in year 1 0.091 0.018 0.068 0.047 0.083
(0.061) (0.072) (0.077) (0.073) (0.071)

Notes: Each cell, taken from a separate regression estimated on accountable students, is the estimated coefficient on a dummy variable indicating that the
student’s year 1 school received an F in year 0. Standard errors clustered by year 1 school are in parentheses. Asterisks indicate significance at: * 10% level **
5% level *** 1% level. All regressions use a 28-point bandwidth. Sample sizes by subpopulation (year 1 sample size, year 2 sample size, year 3 sample size)
are: all accountable (10667, 10203, 9602), level 1 (4120, 3933, 3658), level 2 (2130, 2041, 1923), level 3 or above (4417, 4229, 4021), grade 4 (5346, 5125,
4848), and grade 5 (5132, 4898, 4587). Control variables used in Year 1 are the same as those used in the regressions represented in Table 4. For a given year
t>1, “additional controls” consist of the following factors observed in each of the years 2 through t: fraction black, fraction Hispanic, fraction female, and fraction
on free or reduced-price lunch in the student’s school-by-grade peer group; mean values of year 0 (averaged FCAT and low-stakes) reading scores and year 0
(averaged FCAT and low-stakes) math scores in the student’s school-by-grade peer group; mean year 0 value added in FCAT reading generated by the student’s
school-by-grade instructional team; school grade points in year 0; and indicators for missing values of the value added and grade point variables.



Table 7. Effect of Attending F-Graded School in Year 1 on
FCAT Math Scores in Years 1 through 3: By Subpopulation

Dependent Var: Standardized FCAT Math Score

With Same Controls As With Additional
Those Used in Year 1 Controls
Year 1 Year 2 Year 3 Year 2 Year 3
All Accountable Students 0.118 0.044 0.099 0.072 0.109
(0.052)** (0.068) (0.068) (0.057) (0.054)**
Level 1 (below basic) in math in year 0 0.175 0.141 0.190 0.179 0.180
(0.083)** (0.076)* (0.088)** (0.067)*** (0.078)**
Level 2 (basic) in math in year O 0.039 -0.025 0.114 0.024 0.134
(0.060) (0.089) (0.077) (0.076) (0.067)**
Level 3 (proficient) or above in math in year 0 0.097 0.017 -0.011 0.018 0.026
(0.057)* (0.070) (0.070) (0.067) (0.060)
Grade 4 in year 1 0.117 -0.042 0.050 -0.034 0.075
(0.080) (0.082) (0.075) (0.073) (0.069)
Grade 5 in year 1 0.165 0.114 0.172 0.153 0.174
(0.075)** (0.097) (0.083)** (0.078)* (0.065)***

Notes: Each cell, taken from a separate regression estimated on accountable students, is the estimated coefficient on a dummy variable indicating that the
student’s year 1 school received an F in year 0. Standard errors clustered by year 1 school are in parentheses. Asterisks indicate significance at: * 10% level **
5% level *** 1% level. All regressions use a 28-point bandwidth. Sample sizes by subpopulation (year 1 sample size, year 2 sample size, year 3 sample size)
are: all accountable (10667, 10203, 9601), level 1 (3775, 3608, 3349), level 2 (3191, 3059, 2880), level 3 or above (3701, 3536, 3372), grade 4 (5346, 5125,
4848), and grade 5 (5132, 4898, 4586). Control variables used in Year 1 are the same as those used in the regressions represented in Table 4. For a given year
t>1, “additional controls” consist of the following factors observed in each of the years 2 through t: fraction black, fraction Hispanic, fraction female, and fraction
on free or reduced-price lunch in the student’s school-by-grade peer group; mean values of year 0 (averaged FCAT and low-stakes) reading scores and year 0
(averaged FCAT and low-stakes) math scores in the student’s school-by-grade peer group; mean year 0 value added in FCAT math generated by the student’s
school-by-grade instructional team; school grade points in year 0; and indicators for missing values of the value added and grade point variables.



Table 8. Effect of 2002 School F Grade on
School Expenditures in the 2002-03 School Year

2003 Mean of Calculated
Estimated 2003 Variable Exponentiated Effect of
Effect of Mean in Variable in F Grade
Dependent Var F Grade D Schools D Schools ($ per pupil)
In(Total School Costs per Pupil) 0.073 8.74 $6,373 $485
(0.061)
In(Total Instructional Costs per Pupil) 0.071 8.33 $4,252 $314
(0.078)
In(Total Non-Instructional Costs per Pupil) 0.088 7.63 $2,121 $195
(0.068)
Share of Costs Devoted to Instruction -0.007 0.667 -
(0.019)
Ratio of FTE Students to FTE Staff Units -1.52 15.95 -
(1.19)
Categories of Instruc. Costs (Non-exhaustive):
In(Teacher Salaries & Benefits per Pupil) 0.064 8.22 $3,790 $250
(0.053)
In(Contracted Service Costs per Pupil) 0.181 4.11 $77 $15
(0.159)
In(Instruc. Materials Costs per Pupil) 0.100 5.37 $231 $24
(0.147)
In(Instruc. Equipment Costs per Pupil) 0.938 4.19 $97 $151
(0.430)*
Categories of Non-Instruc. Costs (Non-exhaustive):
In(Pupil Support Costs per Pupil) 0.102 5.78 $339 $36
(0.107)
In(Media Center Costs per Pupil) -0.087 4.92 $155 -$13
(0.128)
In(Instructional and Curricular Development 0.565 5.03 $249 $189
Costs Per Pupil) (0.235)**
In(Teacher Training Costs per Pupil) 0.317 4.49 $111 $42
(0.255)
In(School Administration Costs per Pupil) 0.079 6.00 $421 $34
(0.061)
In(Plant Operation Costs per Pupil) 0.066 6.22 $526 $36
(0.050)
In(Plant Maintenance Costs per Pupil) 0.143 5.16 $186 $29
(0.189)

Notes: In the column labeled “Estimated Effect of F Grade,” each cell, taken from a separate regression
for which the dependent variable is the indicated expenditure variable in the 2002-03 school year, is the
estimated coefficient on an indicator for receiving a 2002 F grade. Huber-White standard errors are in
parentheses. Asterisks indicate significance at: * 10% level ** 5% level *** 1% level. Sample size is 88
schools. All regressions use a 28-point bandwidth and control for: 2002 school grade points, 2002 grade
points interacted with F grade indicator, lagged dependent variable, district mean of lagged dependent
variable (excluding the given school), fraction of school’s students on free or reduced-price lunch, fraction
with disability, fraction who are Limited English Proficient, and lagged average FCAT reading and math
scores in the school. Each school is weighted by the number of full-time equivalent students in the 2002-03
school year. “Calculated effect” is equal to: [exp(“Estimated Effect”) — 1 ] * [2003 Mean of Exponentiated
Variable in D schools].



Table 9. Effect of 2002 School F Grade on
FCAT Scores of Accountable Students in 2003:
Without and With Controls for School Expenditures

Dependent Var: Standardized FCAT Score in 2003

Reading Math
Independent Variable (1) 2) ) (4)
Indicator for 2002 School F Grade 0.112 0.099 0.118 0.137
(0.056)** (0.065) (0.052)** (0.055)**
In(Instructional Equipment Costs per Pupil) in 2002 -0.022 -0.043
(0.015) (0.015)***
In(Instructional Equipment Costs per Pupil) in 2003 0.004 -0.017
(0.013) (0.017)
In(Curriculum Development Costs per Pupil) in 2002 -0.020 -0.017
(0.023) (0.028)
In(Curriculum Development Costs per Pupil) in 2003 0.010 -0.005
(0.020) (0.029)
In(Teacher Training Costs per Pupil) in 2002 -0.021 -0.016
(0.021) (0.026)
In(Teacher Training Costs per Pupil) in 2003 0.023 0.010
(0.021) (0.029)
Number of Observations 10667 10667 10667 10667

Notes: Each column corresponds to a separate regression. Standard errors clustered by school are in
parentheses. Asterisks indicate significance at: * 10% level ** 5% level *** 1% level. All regressions
use a 28-point bandwidth and include the control variables listed in Table 2, as well as: 2002 school grade
points, 2002 grade points interacted with F grade indicator, and quadratic and cubic terms in student’s 2002
reading and math FCAT scores.



Table 10. Effect of 2002 School F Grade on
Problematic Student Events in the 2002-03 School Year: By Subpopulation

Dependent Var (in 2002-03):

Indicator for Number of
Number of Indicator for Any Serious Disciplinary
Subpopulation Absences >=10 Absences Punishment Incidents
All Accountable Students 0.43 0.023 0.023 0.11
(0.67) (0.036) (0.044) (0.24)
Level 1 (below basic) in math in 2002 -0.45 -0.025 -0.016 -0.04
(0.81) (0.049) (0.054) (0.22)
Level 2 (basic) in math in 2002 0.42 0.026 0.058 0.08
(0.81) (0.043) (0.044) (0.24)
Level 3 (proficient) or above in math in 2002 1.50 0.075 0.025 0.34
(0.65)** (0.037)** (0.050) (0.31)
Mean of Dependent Var in D schools 8.25 0.324 0.132 0.28

Notes: Each cell, taken from a separate regression estimated on accountable students, is the estimated coefficient on an indicator for attending a school with a
2002 F grade. Standard errors clustered by school are in parentheses. Asterisks indicate significance at: * 10% level ** 5% level *** 1% level. Sample sizes
by subpopulation (absence regression sample size, disciplinary regression sample size) are: all accountable (10557, 10667), level 1 (3731, 3775), level 2 (3164,
3191), and level 3 or above (3662, 3701). All regressions use a 28-point bandwidth and include the control variables listed in Table 2, as well as: 2002 school
grade points, 2002 grade points interacted with the F grade indicator, quadratic and cubic terms in the student’s 2002 reading and math FCAT scores, lagged
dependent variable, mean of the lagged dependent variable in the student’s school-by-grade peer group, and mean 2002 value added in the dependent variable
generated by the student’s current school-by-grade instructional team.



Table 11a. Rate of Principal Turnover in F and D Schools

Schools Schools
Graded F Graded D
In 2002 In 2002
Number of Schools with Change of Principal 3 10
Between 2001-02 and 2002-03
Total Number of Schools 20 68
Fraction of Schools with Turnover 0.150 0.147
(Standard Error) (0.082) (0.043)

Notes: Schools in the sample earned grade point values within 28 points of the F/D threshold in 2002 and
did not receive an F prior to 2002.

Table 11b. Effect of 2002 School F Grade on
FCAT Scores of Accountable Students in 2003:
By Presence of Principal Turnover in School
Dep Var: Standardized
FCAT Score in 2003

Turnover Status of School Reading Math

All Schools in Sample 0.112 0.118
(0.056)** (0.052)**

Schools with No Principal Turnover 0.111 0.120
between 2001-02 and 2002-03 (0.059)* (0.055)**

Notes: Each cell, taken from a separate regression, is the estimated coefficient on an indicator for attending
a school with a 2002 F grade. Standard errors clustered by school are in parentheses. Asterisks indicate
significance at: * 10% level ** 5% level *** 1% level. Sample size is 10667 students in the first row and
9099 students in the second row. All regressions use a 28-point bandwidth and include the control
variables listed in Table 2, as well as: 2002 school grade points, 2002 grade points interacted with F grade
indicator, and quadratic and cubic terms in student’s 2002 reading and math FCAT scores.



Appendix A. Construction of 2001 Pseudo-Grades

Pseudo-grades for 2001 are derived from school performance on a constructed
pseudo-point index analogous to the actual 2002 grade point index. 1 first construct a raw
pseudo-point index equal to the sum of six components. The following three components
are identical to the corresponding components of the actual 2002 grade point index:

1. Percent of students scoring at level 3 or above in FCAT reading;

2. Percent of students scoring at level 3 or above in FCAT math;

3. Average of percent of students scoring at level 3 or above and percent of students
scoring at level 3.5 or above in FCAT writing.

Note that although students in only selected grade levels received achievement levels in
reading and math in 2001, all of the remaining students did still take the FCAT tests, and
it is straightforward to assign achievement levels to these students on the basis of their
scale scores and the published cutoffs for each achievement level.

In order to be analogous to the actual grade point index, the final three
components of the pseudo-point index should reflect students’ year-to-year learning
growth in reading and math. However, learning growth on the FCAT cannot be
determined for many students in 2001 because FCAT reading and math tests were
administered only to selected grade levels in 2000. Nevertheless, since the low-stakes
test was administered to all grade levels beginning in 2000, the three learning growth
components of the raw pseudo-point index are defined to be based on low-stakes scores:

4. Percent of students making substantial learning growth in low-stakes reading;

5. Percent of students making substantial learning growth in low-stakes math;

6. Percent of bottom quartile achievers in reading (defined by students’ prior-year
low-stakes reading scale scores relative to the distribution of prior-year low-stakes
reading scale scores in their school-by-grade level group) making substantial
learning growth in reading.

The main task is to define “substantial learning growth” on the low-stakes test in a
given subject, using the following steps. First, | pool together all student-by-year
observations from 2001 and 2002, and | group these observations into bins defined by the
combination of: (i) grade level g; (ii) current-year FCAT achievement level a in the given
subject; and (iii) quintile g of current-year FCAT scale score within the current-year
FCAT achievement level a in the given subject. Second, using only students from 2002,
| calculate the fraction f_,, of students in bin gag making substantial ECAT learning

growth in 2002 in the given subject. Third, again using only students from 2002, | find

the low-stakes growthG,, (defined as the change in low-stakes scale scores from the

previous year to the current year) in the given subject that corresponds to the (1 f_,)

quantile of low-stakes growth in 2002 within bin gaq. Finally, a student in bin gag from
either 2001 or 2002 is regarded as making *“substantial” learning growth in the given
subject if her low-stakes growth value is greater than or equal to G,,. This procedure
ensures that within each bin, the percentage of students making substantial growth on the

low-stakes test in 2002 is equal to the percentage making substantial growth on the FCAT
in 2002.



Components 1 through 6 can be constructed for each school in 2001 and 2002.
The raw pseudo-point index value for a school in a given year is the sum of components
1 through 6. However, | do not use the raw pseudo-point index but instead use a pseudo-
point index in which each of the components 1 through 6 is adjusted by the degree to
which it mimics the corresponding component 1’ through 6’ of the actual grade point
index. Specifically, across schools in 2002, | regress the value of component k” from the
actual grade point index on the value of component k from the raw pseudo-point index,
and for each school in either 2001 or 2002 1 take the fitted value from this regression as
the adjusted value of component k. The final, adjusted pseudo-point index is the sum of
the adjusted components 1 through 6.

Pseudo-grades are defined by the same intervals of the final pseudo-point index as
the intervals that define actual 2002 grades on the actual 2002 grade point index.
Conditional on not having received an actual F prior to 2001, 34 schools receive pseudo-
F grades and 94 schools receive pseudo-D grades in 2001.



Appendix B. Effect of Attending F-Graded School in Year 1 on
FCAT Scores in Years 1 through 3:
By Specification of Regression Discontinuity Design

No. of No. of Dependent Var: Standardized FCAT Score
Schools  Grade Point Reading Math
Values Year 1 Year 2 Year 3 Year 1 Year 2 Year 3
2-Piece Linear Spline Control Function, Bandwidth 20 57 27 0.118 0.100 0.086 0.173 0.121 0.075
(0.084) (0.055)* (0.075) (0.074)* (0.077) (0.070)
<0.087> <0.046>**  <0.074> <0.075>** <0.074> <0.068>
2-Piece Linear Spline Control Function, Bandwidth 28 88 38 0.112 0.002 0.050 0.118 0.072 0.109
(0.056)** (0.047) (0.060) (0.052)** (0.057) (0.054)**
<0.057>* <0.043> <0.057> <0.053>**  <0.054> <0.055>*
2-Piece Linear Spline Control Function, Bandwidth 40 126 55 0.092 0.021 0.038 0.071 0.052 0.094
(0.052)* (0.041) (0.046) (0.053) (0.050) (0.048)*
<0.053>* <0.039> <0.045> <0.059> <0.045> <0.048>*
2-Piece Linear Spline Control Function, All F&D Schools 128 57 0.106 0.036 0.027 0.097 0.094 0.095
(0.045)** (0.035) (0.041) (0.050)* (0.048)** (0.043)*
<0.045>**  <0.032> <0.040> <0.052>* <0.043>**  <0.042>**
Quadratic Control Function, All F&D Schools 128 57 0.100 0.031 0.016 0.095 0.089 0.091
(0.044)* (0.035) (0.040) (0.049)* (0.046)* (0.042)**
<0.045>** <0.032> <0.039> <0.050>* <0.041>**  <0.039>**
Cubic Control Function, All F&D Schools 128 57 0.073 -0.003 0.029 0.073 0.017 0.085
(0.061) (0.049) (0.055) (0.061) (0.055) (0.057)
<0.063> <0.045> <0.053> <0.068> <0.051> <0.057>
Cubic Control Function, All Florida Schools 1428 251 0.097 0.037 0.047 0.094 0.111 0.084
(0.041)* (0.031) (0.035) (0.046)** (0.040)*** (0.040)**
<0.041>**  <0.030> <0.034> <0.048>* <0.038>***  <0.039>**
Quintic Control Function, All Florida Schools 1428 251 0.105 0.045 0.069 0.131 0.120 0.112
(0.043)** (0.033) (0.038)* (0.049)*** (0.043)*** (0.044)*

<0.043>**  <0.032> <0.037>* <0.052>**  <0.040>**  <0.043>***

See notes on next page.



Appendix B. (Continued)

Notes: Each cell, taken from a separate regression estimated on all accountable students, is the estimated
coefficient on a dummy variable indicating that the student’s year 1 school received an F in year 0.
Standard errors clustered by year 1 school are in parentheses, and standard errors clustered by year 0 grade
point value of the student’s year 1 school are in angular brackets. Asterisks indicate significance at: * 10%
level ** 5% level *** 1% level. All estimation samples are limited to students attending, in year 1, non-
charter elementary schools that have not received F grades prior to year 0. Sample sizes by specification
(year 1 sample size, year 2 sample size, year 3 sample size) are: bandwidth 20 (6500, 6208, 5861),
bandwidth 28 (10667, 10203, 9601), bandwidth 40 (15743, 15052, 14212), all F&D (15964, 15265,
14420), and all schools (243238, 231049, 219005). Control variables used in year 1 are the same as those
used in the regressions represented in Table 3 (with the exception of the control function for year 0 grade
points). For years 2 and 3, controls include the “additional controls” listed in the notes to Table 6 (for
reading) and Table 7 (for math).



Appendix C. Effect of Attending F-Graded School in Year 1 on
FCAT Reading Scores in Years 1 through 3:
By Cohort and Specification of Regression Discontinuity Design

No. of Dependent Var: Standardized FCAT Reading Score
Schools: Grade 4 in Year 1 Grade 5in Year 1
Grd4,Grd5 Yearl Year 2 Year 3 Year 1 Year 2 Year 3
2-Piece Linear Spline Control Function, Bandwidth 20 57,55 0.072 -0.010 0.036 0.160 0.146 0.135
(0.128) (0.074) (0.080) (0.073)** (0.068)** (0.089)
2-Piece Linear Spline Control Function, Bandwidth 28 88, 86 0.104 -0.066 0.044 0.091 0.047 0.083
(0.084) (0.063) (0.065) (0.061) (0.073) (0.071)
2-Piece Linear Spline Control Function, Bandwidth 40 126, 124 0.075 -0.018 0.019 0.114 0.074 0.087
(0.071) (0.048) (0.051) (0.058)** (0.048) (0.052)*
2-Piece Linear Spline Control Function, All F&D Schools 128, 126 0.073 0.003 0.017 0.136 0.082 0.066
(0.061) (0.043) (0.045) (0.050)*** (0.042)* (0.046)
Quadratic Control Function, All F&D Schools 128, 126 0.070 0.004 0.015 0.128 0.072 0.048
(0.058) (0.042) (0.045) (0.050)** (0.044) (0.046)
Cubic Control Function, All F&D Schools 128, 126 0.072 -0.070 0.015 0.088 0.099 0.101
(0.081) (0.056) (0.060) (0.071) (0.060) (0.065)
Cubic Control Function, All Florida Schools 1427, 1422 0.098 0.031 0.017 0.098 0.048 0.077
(0.053)* (0.035) (0.036) (0.042)** (0.038) (0.041)*
Quintic Control Function, All Florida Schools 1427, 1422 0.091 -0.005 0.018 0.115 0.078 0.113
(0.057) (0.037) (0.039) (0.043)*** (0.040)* (0.043)***

Notes: Each cell, taken from a separate regression estimated on accountable students, is the estimated coefficient on a dummy variable indicating that the
student’s year 1 school received an F in year 0. Standard errors clustered by year 1 school are in parentheses. Asterisks indicate significance at: * 10% level **
5% level *** 1% level. All estimation samples are limited to students attending, in year 1, non-charter elementary schools that have not received F grades prior
to year 0. Grade 4 sample sizes by specification (year 1 sample size, year 2 sample size, year 3 sample size) are: bandwidth 20 (3308, 3169, 2995), bandwidth 28
(5346, 5125, 4848), bandwidth 40 (7847, 7541, 7143), all F&D (7949, 7641, 7240), and all schools (118142, 113431, 106917). Grade 5 sample sizes by
specification (year 1 sample size, year 2 sample size, year 3 sample size) are: bandwidth 20 (3046, 2900, 2735), bandwidth 28 (5132, 4898, 4586), bandwidth 40
(7690, 7314, 6886), all F&D (7809, 7427, 6997), and all schools (118594, 111526, 106275). Control variables used in year 1 are the same as those used in the
regressions represented in Table 3 (with the exception of the control function for year O grade points). For years 2 and 3, controls include the “additional
controls” listed in the notes to Table 6.



