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We report findings from a quasi-experimental evaluation of the recently implemented US$5,000
retention bonus program for effective teachers in Tennessees Priority Schools. We estimate the
impact of the program on teacher retention using a fuzzy regression discontinuity design by exploit-
ing a discontinuity in the probability of treatment conditional on the composite teacher effectiveness
rating that assigns bonus eligibility. Point estimates for the main effect of the bonus are not different
from zero. However, for teachers of tested subjects and grades, the program has a consistently
positive effect that is both statistically and substantively significant. We hypothesize that the null
finding for the main effect is driven by teachers of untested subjects and grades given the amount of
weight Tennessee s teacher evaluation system attributes to school-level performance. This creates a
strong incentive to exit the Priority Schools that are by definition low performing. Implementation
concerns, including the timing of application process and observed noncompliance in bonus distri-
bution, present obstacles for both the program’s effectiveness and its evaluation.
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Introduction

THE inequitable distribution of highly effec-
tive teachers across schools is a major concern of
policy leaders and practitioners interested in the
condition of American public schooling. One of
the most salient findings in recent education
research is that differences in teacher quality
result in substantially different outcomes for stu-
dents in school and beyond (e.g., Aaronson,
Barrow, & Sander, 2007; Chetty, Friedman, &
Rockoff, 2014; Hanushek, Kain, O’Brien, &
Rivkin, 2005; Kane, Rockoff, & Staiger, 2008;
Rockoff, 2004; Sanders & Rivers, 1996). In eco-
nomic terms, it has been estimated that the net
present value of future earnings for a student
having access to a teacher one standard deviation
above average effectiveness approaches half a
million dollars (Hanushek, 2011). However, it is

equally well documented that minority and low-
income students, and particularly those in schools
with high concentrations of students in poverty
or racial minorities, are considerably less likely
to be taught by teachers with strong credentials
or high estimated effectiveness (e.g., Clotfelter,
Ladd, & Vigdor, 2011; Goldhaber, Lavery, &
Theobald, 2015; Feng & Sass, 2012).

In addition to their initial maldistribution,
highly qualified teachers leave disadvantaged
schools at higher rates than their less-qualified
counterparts. It is, therefore, not surprising that
policymakers, researchers, and practitioners
interested in promoting learning, economic
growth, and the closing of achievement and
opportunity gaps would explore policies designed
to promote the retention of effective teachers in
historically disadvantaged schools. Indeed, since
2010, the number of states adopting retention
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incentive policies has more than doubled, with
the largest growth among states participating in
the federally funded Race to the Top (RTTT)
initiative.

The inequitable distribution of highly effective
teachers across schools within districts is argu-
ably a consequence of uniform teacher salary
schedules in conjunction with differences in non-
pecuniary characteristics of schools (e.g., condi-
tion of school building, principal leadership,
safety, distance from home, and perhaps most
importantly the makeup of the student body).' To
equalize teacher quality, federal and state policy-
makers have demonstrated interest in designing
practical incentives to help offset differences in
nonwage job characteristics (Kirshstein, Berger,
Benatar, & Rhodes, 2004; Prince, 2002, 2003),
including signing bonuses, certification stipends,
tuition reimbursement, loan forgiveness, tax cred-
its, and housing subsidies.”

The theory behind retention incentives
assumes that offering financial incentives will
help retain more teachers (ideally in the upper tail
of the ability distribution) in hard-to-staff or
chronically low-performing schools. Proponents
of financial incentives commonly argue that
schools need to be able to respond to labor market
conditions by offering additional incentives when
trying to retain teachers at less competitive cam-
puses, which are typically located in rural or
densely urban areas. Unfortunately, there is rela-
tively little research on the amount of additional
compensation needed to offset differences in non-
pecuniary workplace characteristics. Retention
bonuses in practice have ranged from US$250 to
more than US$20,000, whereas a simulation
study by Feng (2009) estimated that an additional
USS$10,000 a year in pay for teachers in hard-to-
staff schools would improve retention rates to that
of teachers in average schools.’

This study adds to the current knowledge base
in a number of important ways. First, this is one
of the first studies to evaluate a retention bonus
program that targets highly effective teachers
using a rigorous causal research design. Second,
prior studies have often examined bonuses intro-
duced in the context of a broad set of reforms and
cannot isolate the impact of the retention bonus
component. We assess the impact of a large pilot
bonus program, which the state implemented
apart from any other major compensation or
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school policy changes. Third, the current study
advances our understanding of teacher retention
bonuses by implementing a cost-effectiveness
analysis.

We estimate the impact of the program on
teacher retention using a fuzzy regression dis-
continuity (RD) design. We exploit a discontinu-
ity in the probability of treatment conditional on
the continuous composite teacher effectiveness
rating that assigns bonus eligibility. Our primary
research question is as follows:

Research Question 1: To what extent does a
US$5,000 retention bonus affect retention
of high-performing teachers in Priority
Schools that elected to participate in the
program?

We also investigate if the retention bonus pro-
gram produces long-run net benefits for students
at participating schools, as well as potential ben-
efits for state budgets due to improved earnings
potential of students and avoided costs of teacher
turnover.

Point estimates for the main effect of the
bonuses are not different from zero. However, for
teachers of tested subjects and grades, the pro-
gram has a consistently positive effect that is both
statistically and substantively significant. We
argue that the null finding for the main effect is
driven by teachers of untested subjects and grades
given the amount of weight Tennessee’s teacher
evaluation system attributes to school-level per-
formance for untested-subject teachers. We also
note that the stark contrasts in estimated effec-
tiveness between bonus recipients and their
likely replacements make student benefits likely
across a range of plausible program impacts.
Implementation concerns, including the timing of
application process and observed noncompliance
in bonus distribution, present obstacles for both
the program’s effectiveness and its evaluation.

Tennessee’s Retention Bonus Program

The distribution of highly effective teachers in
the Tennessee public school system, as defined
by a value-added measure of teacher effective-
ness, is working to the detriment of students in
schools with large concentrations of economi-
cally disadvantaged and non-White students.



During the 2011-2012 school year, approxi-
mately 17% of teachers left their school and the
attrition rate for the state’s most-effective teach-
ers is around 7%. The attrition rate for highly
effective educators increases to 10% when
focused on urban districts in the state and 23%
when focused on the bottom 5% of schools in the
state (more than 3 times greater than the state-
wide attrition rate of highly effective teachers).

In spring 2013, in an effort to combat these
high rates of teacher turnover among highly
effective teachers in chronically low-performing
schools, the Tennessee Department of Education
(TDOE) and the Tennessee Governor’s Office
announced a 1-year teacher retention bonus pro-
gram for Priority Schools. Under the program, all
Priority Schools were eligible to participate by
applying to offer US$5,000 retention bonuses to
any Level 5 teacher who was teaching in a
Priority School.* For many of the teachers in
Tennessee Priority Schools, a US$5,000 bonus
constitutes approximately a 10% salary increase
or the equivalent of a teacher with a master’s
degree moving from 10 to 15 years of experience
on a district salary schedule.

Level 5 teachers at Priority Schools who
accepted retention bonuses were required to
complete the 2013-2014 school year at a Priority
School to keep the bonus. For the purposes of
this program, a teacher is defined as a classroom
teacher with assigned students and associated
evaluation scores. It excludes principals, school
counselors, and school services personnel.
Itinerant teachers can receive a prorated amount
of the retention bonus based on the number of
days per week that he or she is actually working
in a Priority School.

Priority School Status

In 2012, the TDOE secured waivers from cer-
tain portions of the federal No Child Left Behind
(NCLB) law. The waiver allowed Tennessee to
replace NCLB’s Adequate Yearly Progress profi-
ciency targets with a system that focuses on
“ensuring growth for all students every year and
closing achievement gaps by ensuring faster
growth for those students who are furthest
behind” (TDOE, 2012, p. 52). In addition, the
state identifies individual schools based on these
relative performance measures, ranging from
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high-performing “reward” schools to low-per-
forming “priority” schools.

Tennessee identified 83 Priority Schools
based on a composite proficiency rate (success
rate) for all students in a school. The bottom 5%
of schools in the state receive priority status. The
composite proficiency rate that determines a
school’s eligibility for priority status is based on
the following formula, where math, reading/lan-
guage arts, and science are for Grades 3 through
8 and Algebra I, English I and II, and Biology I,
and graduation rate are for high schools:

#proficient or advanced students in math+
reading language arts+science+algebra I+
English I+English II+Biology+#HS Graduates
#tested students in math+reading language arts+science+
algebra I+English I+English II+Biology+

#students in HS graduation cohort

The success rates used for determining Priority
Schools include up to 3 years of data. Success
rates are calculated for schools with at least
2011-2012 school year data. Only schools that
are active in the 2011-2012 school year, with at
least 2010-2012 and 2011-2012 data, receive
Priority School status.

Teacher Evaluations

In January 2010, the Tennessee General
Assembly passed Senate Bill 5, also known as
the First to the Top Act, thereby reforming doz-
ens of areas of state education policy. The ambi-
tious reforms helped Tennessee win a US$501
million award granted under the RTTT competi-
tion to implement and institutionalize innovative
policy changes statewide. One of the most con-
tentious provisions of the new law required that
all school personnel be evaluated annually and
personnel decisions be based, in part, on those
evaluations.’

As of July 2011, the Tennessee State Board of
Education approved four teacher evaluation
models—the Tennessee Educator Acceleration
Model (TEAM), Project COACH, Teacher
Effectiveness Measure (TEM), and Teacher
Instructional Growth for Effectiveness and
Results (TIGER). The evaluation models all fol-
low the requirements set forth by Tennessee’s
Teacher Effectiveness Advisory Committee and
adopted by the State Board of Education and
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have the same goals—to monitor teacher perfor-
mance and encourage teacher development,
though implementation from one model to the
next is quite different. As of the 20122013
school year, more than 80% of teachers across
Tennessee use TEAM as their evaluation model,
whereas TEM is the second most frequently used
(11%), followed by Project COACH (5%) and
TIGER (2%; Ehlert, Pepper, Parsons, Burns, &
Springer, 2013). In the current study, 80% of
schools use the TEAM model, 11% use TEM,
6% use Project COACH, and 3% use TIGER.

Annual evaluations differentiate teacher per-
formance based on an overall level of effective-
ness score (what we refer to as overall teacher
evaluation rating or teacher rating for short). The
overall teacher evaluation rating is calculated
using individual and school-level student growth
scores and achievement data as well as teacher
observations for teachers in tested and untested
subjects and grades. For teachers of tested sub-
jects and grades, state law specifies that 50% of
the evaluation score be based on student achieve-
ment data. Of this 50%, 35% is comprised of
value-added student achievement data as calcu-
lated using the Tennessee Value-Added
Assessment System (TVAAS), and 15% is based
on alternative measures of student achievement
approved by the State Board of Education and
selected through joint agreement by the educator
and evaluator. The remaining 50% of an evalua-
tion must be based on qualitative measures,
including teacher observations, student percep-
tion surveys, personal conferences, and review of
prior evaluations and work. For teachers of
untested subjects and grades, 40% of the evalua-
tion is comprised of student achievement data—
25% based on school- or district-wide student
growth as measured by TVAAS and 15% based
on additional approved measures of student
achievement. The remaining 60% of the overall
evaluation scores are determined through quali-
tative measures similar to those used for teachers
of tested subjects and grades.

The classroom observation process noticeably
differs across the TEAM and the three approved
alternative evaluation models. Both the TEAM
and TIGER models use announced and unan-
nounced classroom observations whereas the
COACH model only relies on unannounced
observations. The number and frequency of
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observations also varies across models—TEAM
requires that apprentice teachers be observed for
a minimum of 90 minutes across six observations
whereas tenure teachers must be observed for a
minimum of 60 minutes across four observa-
tions; TIGER requires teachers to be observed
for a minimum of 60 minutes across six observa-
tions; and COACH requires that all teachers
receive 10 observations for a minimum of 5 min-
utes per observation.® Finally, all four models
have distinctive processes of providing feedback,
though they all include written feedback pro-
vided by the observer and a post-observation
meeting.

The effectiveness scores range from 0 to 500
in all four evaluation models and ultimately
define the discrete performance categories to
which teachers are assigned. Denoting X as the
teacher score, for all models, teachers with X <
200 are categorized as “Significantly Below
Expectation” (Level 1), teachers with 200 < X <
275 as “Below Expectation” (Level 2), teachers
with 275 < X <350 as “At Expectation” (Level
3), teachers with 350 < X < 425 as “Above
Expectation” (Level 4), and teachers with X >
425 as “Significantly Above Expectation” (Level
5). Ratings reports provided to teachers include
the discrete rating but not the underlying score on
the 0 to 500 scale. This is useful for interpreting
our findings because it means that teachers with
very similar underlying scores but different dis-
crete ratings did not receive the necessary infor-
mation to determine their closeness to the
threshold.

Brief Review of Teacher Retention Bonus
Literature

A number of studies have directly examined the
influence of cash bonuses on retention and attrition
rates of teachers at high-need schools with mixed
results.” The nature, size, and context of the evalu-
ated bonuses vary considerably, as do the methods
used to assess their impacts. One of the difficulties
retention bonus studies have faced is the fact that
policymakers often introduce retention bonuses in
the context of a broader set of reforms (i.e., Balch
& Springer, 2014; Dee & Wyckoff, 2013; Hough,
2012). For example, in their evaluation of a pilot
supplemental funding program to a group of edu-
cationally disadvantaged schools in North Carolina



(NC), Henry, Fortner, and Thompson (2010) found
that approximately half of the money went toward
salary bonuses that gave the schools a comparative
advantage in hiring and retaining teachers. The
authors note that in years of the pilot funding,
teacher turnover decreased significantly at the
schools with the supplement, in spite of having the
most disadvantaged students in the state.
Meanwhile, turnover rates increased at nonsupple-
ment schools. However, although the RD design of
the study allowed the authors to attribute the
increased retention to the supplemental funding,
they were unable to distinguish the effects of salary
bonuses from other expenditures that might have
made teachers more likely to stay.

Conversely, Clotfelter, Glennie, Ladd, and
Vigdor (2008) were able to directly examine an
US$1,800 annual teacher retention bonus offered
in NC between 2001 and 2004 to certified math,
science, and special education teachers in a set of
low-performing and/or high-poverty secondary
schools. The authors found modest, but signifi-
cant effects on teacher turnover. The difference-
in-difference-in-difference analytical strategy
indicated that the bonuses reduced turnover rates
of eligible teachers in eligible schools by 17%, or
5 percentage points. Survey results also indicated
widespread misunderstandings about the nature
of the retention incentive offered and skepticism
among teachers and administrators that the size
of the bonus would be sufficient. The NC bonus
program differed from the Tennessee retention
bonuses both in its smaller magnitude (US$1,800
vs. US$5,000) and the fact that it was not tied to
any measure of teacher quality, but rather speci-
fied credentials (math, science, and special edu-
cation teachers).

Relatedly, several recent studies have applied
rigorous methods to estimate effects of recruit-
ment incentives, in the form of large conditional
scholarships and cash bonuses that also required
teachers to remain in a high-need school for a
specified time. Glazerman, Protik, Teh, Bruch,
and Max (2013) experimentally evaluated a
Talent Transfer Initiative (TTI) that offered high
value-added teachers a US$20,000 bonus—paid
in installments over a 2-year period—if they
transferred into and remained in schools that had
low-average test scores. The transfer incentive
increased both transfer and retention of targeted
teachers during the payout period across 10
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school districts in seven states. However, not sur-
prisingly, the difference was no longer statisti-
cally significant after payments stopped.
Similarly, Steele, Murnane, and Willett’s (2009)
evaluation of California’s Governor’s Teaching
Fellowship (GTF) program, which offered
US$20,000 conditional scholarships (US$5,000
per year over 4 years) to attract and retain aca-
demically talented, newly licensed teachers to
low-performing schools, found the program had
significant effect on teacher recruitment but did
not differentially affect retention among GTF
recipients.®

Finally, Dee and Wyckoff’s (2013) analysis of
salary bonuses in IMPACT, a high-stakes teacher
evaluation system implemented in District of
Columbia (DC) that was designed to improve
teacher quality and student achievement, faces
similar challenges to other studies of bonuses
administered as part of broader reforms. Their
study implements a rigorous set of analyses simi-
lar to those described in this article to offer
important evidence with respect to the impact of
bonuses. Using an RD design, the authors com-
pared teachers near the IMPACT score threshold
that separated “Effective” from “Highly
Effective” teachers. Similar to the evaluation
program in Tennessee, the DC system utilized a
mix of observation and value-added metrics to
generate a continuous composite score with
sharp cut points to group teachers into conse-
quential categories of effectiveness. Teachers
were qualified for a large one-time bonus (up to
US$25,000) after being rated “Highly Effective”
for 1 year and a sizable and permanent base sal-
ary increase (as large as US$27,000 per year) on
achieving “Highly Effective” status in a second
consecutive year.

Although the IMPACT incentive had positive
effects on teacher performance, impacts on reten-
tion of effective teachers were not statistically
significant. At first glance, this null finding
seems contradictory to the general trend toward
larger effects for larger incentives, but there are
important contextual issues that likely contrib-
uted to the inability to detect an effect. First, the
comparison group (teachers who had barely
missed the cutoff for “Highly Effective” designa-
tion in the prior year) was also subject to a sub-
stantial financial incentive, as they were eligible
for the one-time bonus in the study year and the
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prospect of base pay increases in the coming
years. Second, perhaps as a consequence of the
new IMPACT policies, the retention rate for
effective teachers above and around the cutoff
was particularly high in the year studied (roughly
90%).

Data, Sample, and Analytic Strategy

The primary analytic strategy we use is an RD
design exploiting the sharp cutoff in a teacher’s
overall evaluation rating that determines eligibil-
ity for the retention bonus in participating
schools. Because administrators chose both
whether to participate in the program and whether
to offer bonuses to teachers, our primary findings
can be understood as a treatment-on-the-treated
(TOT) analysis in a fuzzy RD framework. We
take advantage of rich administrative data sup-
plemented by county-level economic data to add
precision and efficiency to our estimates, and to
examine potential differences between the par-
ticipating sample and broader school population.
We describe our data sources, analytic sample,
and methodology in detail below.

Data Sources

This study utilizes administrative data
obtained from the TDOE and maintained by the
Tennessee Consortium on Research, Evaluation,
and Development (the Consortium) at Peabody
College’s Vanderbilt University. We cleaned and
merged relevant teacher and school information
from multiple data sources to create a single data
file for the 2011-2012 through 2013-2014 school
years.

Our first data file captures demographic, job
assignment, and salary information on all certi-
fied educators in Tennessee. This file is the com-
bination of information from two different data
systems containing certified staff information
that serve different reporting and compliance
functions in the state. We spent significant time
capturing the most accurate information from
both of these data sets while reconciling dis-
agreements and longitudinal inconsistencies.
These staffing files contain common demo-
graphic variables, such as years of teaching expe-
rience, highest educational level, race/ethnicity,
and salary and job assignment information.
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Our second data source is from the TVAAS
and Tennessee’s online teacher evaluation plat-
form, CODE. The TVAAS data file, created by
SAS Institute in Cary, NC, contains value-added
estimates for teachers in Grades 4 through 8 in
math, reading/language arts, science, and social
studies and end of course reporting for high
school educators in English I, II, III; Algebra I
and II; Biology I; and U.S. history. Teacher-effect
estimates are calculated for specific subject,
grade, year pairings as well as for composites
across subject, grades, and years. All scores are
expressed in state normal curve equivalents,
using the 2008-2009 school year as the reference
year. Our analyses use data on teacher composite
scores, which statistically combines subject,
grade, and year TVAAS estimates.’ Tennessee’s
online teacher evaluation data platform, CODE,
houses teacher observation data from the TEAM
rubric and other state-approved observation sys-
tems. The CODE platform also contains school
growth ratings from TVAAS that serve as the
third and final component of teachers’ final eval-
uation rating.'

Our school-level information comes from
multiple sources, including state school account-
ability reports, National Center for Education
Statistics’ Common Core of Data, and aggregated
individual student- and teacher-level information
at the school level. These school files typically
used variables such as school levels, student
enrollment, and proficiency rates as well as select
student and teacher demographic information.

TDOE also provided our research team at the
Tennessee Consortium with details on the design
and implementation of the teacher retention bonus
program. The teacher retention bonus program
file contains teacher name, school name, and
local education agency for all teachers that
received a retention bonus. The file also contains
a list of all Priority Schools with an indicator for
whether they opted to participate in the program.

Sample

Our sample includes all teachers working in
Priority Schools in Tennessee during the 2012—
2013 school year. We are most interested in the
schools that elected to participate in the retention
bonus program and the teachers that worked in
those schools. Bonus program participation



Population
82 Priority Schools
2,830 Teachers

Included
56 Priority Schools
2,005 Teachers

Excluded
26 Priority Schools
825 Teachers

Eligible
473 Teachers

Not Retained
96 Teachers

Retained
377 Teachers

Retained
759 Teachers

321 Receving Bonus 11 Receiving Bonus

9 Receiving Bonus

Ineligble
1,012 Teachers

J \ J

Insufficient
Evaluation Data
520 Teachers

Not Retained
253 Teachers

Not Retained
452 Teachers

Retained
68 Teachers
0 Receiving Bonus

6 Receiving Bonus 4 Receiving Bonus

\ J

FIGURE 1. Consort diagram.

required that the school principal and district
superintendent sign and submit a letter of com-
mitment to the state that affirmed their agreement
to all of the terms and conditions of the retention
bonus program." Similarly, the program was
structured so that the burden of proof for bonus
eligibility resided at the district level. That is, if
the district determined a teacher was/was not eli-
gible for a bonus, the person received/did not
receive a bonus. The state did not conduct an
independent audit of how funds were distributed.
However, the state did play a significant role
recruiting schools to participate in the program.
As displayed in Figure 1, there were 82
Priority Schools during the 2012-2013 school
year that qualified to participate in the program.
Of those 82 schools, 56 of them, employing
2,005 teachers, elected to participate. Although
take-up may appear low given that participating
schools had nothing to lose, the education sector
has been notoriously skeptical of incentive pay
programs. Low take-up rates have been docu-
mented in several Texas incentive pay initiatives
(Springer et al., 2010; Springer et al., 2008;
Springer et al., 2009) as well as New York City’s
School-Wide Performance Bonus Program
(Marsh et al., 2011). In addition, when we ran a
basic probit model to explore the relationship
between observable school-level characteristics

and school participation in the retention bonus
program, we found that the percentage of Level 5
teachers in a school was the strongest predictor
of participation. This is logical given that Level 5
teachers are most likely to benefit from the
program.'?

Figure 1 further delineates teachers in the 56
schools that volunteered to participate by a
teacher’s eligibility status for a US$5,000 reten-
tion bonus. Approximately 26% of teachers, or
520 teachers, did not have sufficient classroom
observation data for program participation due
to being flagged as partial-year exemption
teachers, meaning (a) they did not teach an ade-
quate number of days in their current school to
receive an observation or (b) they changed
schools during the academic year."* A total of
1,012 teachers, or about one half of the teacher
sample, were not eligible for the bonus because
they received a Level 4 or lower overall perfor-
mance evaluation rating, though 9 of the 759
teachers receiving below a Level 5 rating who
returned to a Priority School the following year
still received a US$5,000 retention bonus. Of
the 473 Priority School teachers that earned a
Level 5 rating for the 2012-2013 school year,
80% (377 teachers) remained within a Priority
School, of which 321 (or 85%) received a
US$5,000 bonus. "
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TABLE 1

Summary Statistics on Schools by Participation Status of School

) @ (€) )
Full sample Participated Did not participate Difference (2) — (3)

School level

Elementary 55.56% 54.00% 59.09% —5.09%

Middle 65.28% 66.00% 63.64% 2.36%

High 12.50% 10.00% 18.18% —8.18%
Urbanicity

City 90.24% 92.86% 84.62% 8.24%

Suburb 8.54% 5.36% 15.38% —10.03%

Town 1.22% 1.79% 0.00% 1.79%

Rural 0.00% 0.00% 0.00% —
School size 528.744 529911 525.773 —4.138
n 82 56 26

*Significant at the 10% level. **5% level. ***1% level.

Table 1 displays summary statistics on the
characteristics of schools that participated and
did not participate in the retention bonus pro-
gram. Participant and nonparticipant campuses
are relatively similar across school level (ele-
mentary, middle, and high school), urbanicity
(city, suburb, town, and rural), and school size.
More than 90% of participating campuses come
from urban setting and are categorized as ele-
mentary or middle schools, whereas the average
size of enrollment is about 530 students.

Table 2 displays descriptive information on
students and teachers for the Priority Schools that
participated and did not participate in the reten-
tion bonus program. Across all observable char-
acteristics, the samples are rather similar, although
participating campuses have slightly fewer White
students (1.98% vs. 4.16%). Participating cam-
puses also have modestly greater percentage of
students qualifying for free and reduced-price
lunch programs (90.46% vs. 86.42%) and female
teachers (79.41% vs. 72.28%).

Analytic Strategy

The theory behind retention incentives implies
that the opportunity to earn an additional
US$5,000 in income for working in a Priority
School for an additional year will induce bonus
eligible teachers to remain in a Priority School
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the following year, as the economic benefit is
greater given the standardized remuneration
practices in the public education sector. We refer
to the outcome of retention from the 2012-2013
to 2013-2014 school years as Y. Our treatment
variable, whether a teacher received an overall
teacher evaluation of 425 or greater, which desig-
nates them as a Level 5 teacher, will be denoted
as 7. We are interested in the impact of being eli-
gible for a retention bonus, X > 425, on retention
from the 2012—-2013 to 2013-2014 school years.

In a sharp RD design framework, we would con-
struct a comparison group for high-performing
teachers (Level 5) in Priority Schools participating
in the retention bonus program consisting of similar
teachers that are not able to receive a bonus because
they scored just below the Level 5 teacher perfor-
mance threshold. Because a teacher’s eligibility for
the bonus program is determined by a score on a
quantitative, continuous variable with a strict cutoff
(a Level 5 teacher rating, which equates to a 425 or
higher on the overall teacher evaluation rating vari-
able), teachers slightly below the 425 cutoff that
work in Priority Schools participating in the bonus
program can serve as a control to estimate unbiased
average treatment effects of the bonus program
within specified bandwidths.'> The number of points
a teacher is above or below a Level 5 rating (highly
effective), which equates to their overall perfor-
mance score minus 425 points, becomes the running



TABLE 2

Summary Statistics on Students and Teachers by Participation Status of School

1) () (3) “)
Full sample Participated Did not participate  Difference (2) — (3)
Student characteristics
Female 48.22% 48.51% 47.49% 1.03%
White 2.60% 1.98% 4.16% —2.18%*
Black 93.23% 93.52% 92.50% 1.02%
Asian 0.25% 0.23% 0.29% —0.06%
Hispanic 3.76% 4.10% 2.90% 1.20%
Other 0.16% 0.16% 0.14% 0.02%
Free and reduced-price lunch 88.85% 90.04% 85.83% 4.21%*
Special education 16.96% 16.51% 18.09% -1.57%
English-language learners 2.26% 2.40% 1.92% 0.48%
Teacher characteristics
Female 77.21% 79.41% 72.28% 7.13%**
White 31.09% 30.14% 33.21% -3.07%
Non-White 68.91% 69.86% 66.79% 3.07%
With bachelor’s (BA) 33.67% 34.56% 31.66% 2.90%
With master’s (MA) 36.46% 36.07% 37.32% -1.25%
More than master’s 29.87% 29.36% 31.03% -1.67%
Teaching tested grade-subject 39.35% 39.03% 40.19% 1.15%
Average years of experience 11.70 11.73 11.66 0.07
Average salary US$52,414.40 US$52,811.91 US$51,523.97 US$1,287.95
n 81 56 26

*Significant at the 10% level. **5% level. ***1% level.

or forcing variable. When this number is equal to or
greater than 0, the teacher is considered a highly
effective instructor (a Level 5 teacher) and eligible
for a US$5,000 retention bonus if he or she teaches
in a Priority School the following year. When the
value on the forcing variable is less than 0, a teach-
er’s overall performance score is below 425 and he
or she is not eligible for a retention bonus irrespec-
tive of their decision to work in a Priority School the
following school year. Of course, this identification
strategy may understate the true treatment effect if
teachers that just missed being a Level 5 teacher
return to a Priority School the following year in
hopes that the program will be around for another
year and that they earn a Level 5 teacher rating.
However, as displayed in Figures 1 and 2a to
2¢, noncompliance is present, which makes a
sharp RD identification strategy invalid. Fifty-
six Level 5 teachers, or approximately 12% of
our Level 5 teacher sample, did not receive a
retention bonus even though they returned to a

Priority School during the 2013-2014 school
year (no-shows). Nine Level 4 teachers received
a retention bonus even though they were not eli-
gible under program guidelines (crossovers). To
deal with endogeneity problems arising from
partial compliance, we implement an instrumen-
tal variables estimation strategy using the exog-
enous assignment to the treatment (score on
running variable) as an instrument for the effec-
tive participation in the retention bonus program.
In this sense, treatment is no longer deterministi-
cally related to crossing a threshold but there is a
jump in the probability of treatment at 425.
Thus, to estimate the impact of the bonus pro-
gram on retention, we adopt a fuzzy RD design in
which the treatment status is probabilistically
determined as a discontinuous function of our
running variable following procedures recom-
mended in Lee and Lemieux (2009). The relation-
ship between the probability of treatment and the
performance score threshold can be written as
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Pr(D:1|X=x)=y+6T+g(x7c),

where T =1[X 2=c] indicates whether the
assignment variable exceeds the eligibility
threshold ¢ and D indicates whether or not a
teacher receives a retention bonus.'® Because
D=Pr(D=1X =x)+v, where v is an error
term independent of X, the fuzzy RD design can
be described as

Y=a1+rD+f(Xfc)+e

D:y+5T+g(Xfc)+v.

We can substitute the treatment determining
equation, which is estimated as a linear probability
model, into the outcome equation to get the
reduced form equation, which can be expressed as

Y:cxr-i—'r,.T-&-fr(X—c)-i—e,.

where 1, =1*5. We address the bandwidth
selection  problem using Imbens and
Kalyanaraman’s (2012) optimal bandwidth cal-
culation. We also estimate models using kernel-
weighted local polynomial smoothing with
triangular case weights. It is important to note
that our estimation strategy identifies treatment-
on-treated effect.

Assumptions of RD Identification Strategy. There
are three fundamental assumptions critical to the
RD identification strategy. First, unobserved
characteristics vary continuously around the
teacher effectiveness cutoff with observable char-
acteristics used to determine bonus eligibility. We
investigate whether there are baseline imbal-
ances between treatment and control teachers
using teacher covariates as the dependent vari-
ables. We are interested in whether there are
jumps at the Level 4/5 performance threshold.
We use Imbens and Kalyanaraman’s (2012) opti-
mal bandwidth calculation and perform these
tests for the full sample of teachers as well as
tested-subject teachers only and untested-subject
teachers only.

As displayed in Table 3, we reject the hypothe-
sis for all observables that the means of the treat-
ment and the control condition teachers are
statistically different. Observed baseline covariates
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are locally balanced on either side of the cutoff,
which we use to infer that the treatment indicator is
locally randomized. These estimates are not sensi-
tive to the inclusion of 44 teachers that did not
receive a bonus even though they achieved a Level
5 rating. We detect a significant difference in race/
ethnicity (White vs. non-White) in the tested-sub-
ject teacher sample. However, this may be a result
of multiple hypothesis testing, that is, one statisti-
cally significant comparison out of 22 inferences.
Furthermore, the race indicator is not statistically
significant when analyzing the retention bonus
program impact which suggests that it is not a true
threat to internal validity of study.

The second critical assumption is that our
forcing variable, X, has not been manipulated to
affect who receives treatment. This assumption is
critical to the internal validity of our study. To
examine if our forcing variable, X, has been
manipulated, we are interested in whether the
aggregate distribution of X is discontinuous. The
concern is that self-interested teachers may try to
influence their overall performance score rating
to increase the likelihood of being eligible for a
retention bonus. Although this is unlikely given
that the program was implemented relatively late
in the school year and multiple components that
factor into a teacher’s overall performance rating
make it difficult for a teacher to artificially inflate
performance scores, we implement the formal
procedure developed by McCrary (2008).

Results from the McCrary sorting test, as dis-
played in Figures 3a to 3c, suggest a slight jump
in X at ¢; however, the differences are not statis-
tically significant at conventional levels for the
full and reduced samples (i.e., tested-subject
teachers only and untested-subject teachers only).
Furthermore, formal hypothesis tests of the log
difference in heights at the cut-point confirm that,
in each case, we cannot reject the null hypothesis
that the discontinuity at these thresholds is zero
(full-sample estimate = 0.244, SE' = 0.152; tested-
subject teacher sample estimate = 0.135, SE =
0.282; untested-subject teacher sample estimate =
0.269, SE = 0.17). The discontinuity at the thresh-
old is smallest for tested-subject teachers.

It has also been shown that the McCrary test
has weak power to detect manipulation when
manipulation heaps into particular values. One
could argue this may be problematic because
our running variable is not perfectly continuous
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(see Figures 4a—4c). We investigate the implica-
tion empirically through a series of bounding
exercises. We find that if all Level 5 tested-sub-
ject teacher scores were manipulated by 5 points,
or alternatively if the bottom 15th percentile of
Level 5 tested-subject teachers’ scores were
manipulated, the estimated effect among tested-
subject teachers would no longer be statistically
distinguishable from zero.'’

Although manipulation is a real concern in
any RD design study, we do not believe it is a

Effective Teacher Retention Bonuses

serious internal validity concern in the current
context. First, we believe our estimate is sensi-
tive to a modest amount of fictitious manipula-
tion because of the limited sample size. In fact, if
the same bounding exercise applied to Level 4
teachers being erroneously categorized as such
(i.e., they should have been Level 5 teachers),
our impact estimates would have been nearly
twice as large (est. = 0.40; p = .05). Second, as
noted earlier, the program was announced after
most formal evaluations had taken place. Third, a
teacher’s overall level of effectiveness is com-
prised of multiple measures making it less sus-
ceptible to systematic manipulation. Finally, we
detect similar patterns in the running variable for
the state as a whole and not just in schools par-
ticipating in the retention bonus program.

A final assumption of the RD identification
strategy is that there are no other programs or
services with the same eligibility rules, which
assures that the bonus program treatment is not
confounded with some other treatment. In the
current context, we are not aware of any other
programs or services with the same eligibility
rule that could confound treatment. However, we
do want to make brief mention of the generaliz-
ability of this kind of study. It is plausible that
teachers who are doing extremely well, for
example, could respond differently to the bonus
than those who are on the low end of the “signifi-
cantly exceeds expectation” category. Our model
predicting the likelihood of retention for all
teachers based on their overall effectiveness rat-
ing indicates that the higher the rating teachers
get, the more likely they are to stay.

Results

Although we find no significant overall effect
for the offer of retention bonuses on Level 5
teacher retention, increases in the retention of
teachers of tested subjects and grades are both
statistically and substantively significant. Below
we present primary-effect estimates, a series of
robustness checks, and a cost-effectiveness
discussion.

Graphical Evidence

It is common in RD studies to present findings
in an unrestrictive, visual manner that closely
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TABLE 3

Continuity of Teacher Observables by Sample (Imbens & Kalyanaraman's, 2012, Optimal Bandwidth Sample)

Full sample

Tested-subject teachers

Untested-subject teachers

n Estimate/SE n Estimate/SE n Estimate/SE
Female 603 —0.051 (0.091) 267 0.091 (0.151) 437 0.098 (0.316)
White 479 0.051 (0.121) 217 —0.398** (0.164) 356 0.083 (0.145)
Bachelor’s 869 0.009 (0.091) 242 0.131 (0.183) 438 —0.036 (0.134)
Master’s 718 —0.024 (0.113) 170 —0.269 (0.241) 401 0.128 (0.146)
More than master’s 598 —0.026 (0.116) 177 —0.006 (0.226) 325 —0.063 (0.143)
Teaching tested 519 —0.069 (0.123) — — — —

grade-subject
Years of experience 565 3.273 (2.435) 171 6.936 (4.117) 491 1.764 (2.663)
Salary 639 2,159.531 157 6,905.105 394 53.732
(2,598.395) (4,496.034) (3,299.798)

*Significant at the 10% level. **5% level. ¥**¥*1% level.

models parametric results from the main regres-
sion analysis. Figures 5a to 5c presents the condi-
tional means for the probability of remaining in a
high Priority School as a function of a teacher’s
underlying overall level of effectiveness score
for each of the three samples of interest: all
teachers (full sample), tested-subject teachers
only, and untested-subject teachers only.

For the full sample of teachers, as displayed in
Figure 5a, we find a slight decrease in the prob-
ability of Level 5 teachers remaining in a high
Priority School. The size of the difference at the
discontinuity is —0.04. For the tested-subject
only sample of teachers, as displayed in Figure
5b, we find a noticeably different pattern in the
data. Level 5 teachers are more likely to remain
teaching in a high Priority School. The size of the
difference at the discontinuity is 0.11. Finally, for
the untested-subject only sample of teachers, as
displayed in Figure 5c, we find an exaggerated
version of the pattern for the complete sample of
teachers. The size of the difference at the discon-
tinuity is —0.12.

However, note that the gaps for the full sample
and the untested-subject teachers are not statisti-
cally different from zero when controls are
included in the models. The gaps for tested-sub-
ject teachers grow and are both statistically and
practically significant. These patterns are consis-
tent with the hypothesis that tested-subject teach-
ers are responding to the retention bonus, whereas
the opposite is true for untested-subject teachers.
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That is, given the amount of weight Tennessee’s
teacher evaluation system attributes to school-
level performance for untested-subject teachers,
the evaluation system creates a strong incentive
for untested-subject teachers to exit the Priority
Schools, which are by definition low performing.

Impact of the Retention Bonus Program

Table 4 reports estimates of the impact of the
bonus program on teacher retention. Although
we report estimates using several different
bandwidth selections, and our results are robust
to varying bandwidths, our discussion will
focus on estimates from models where the sam-
ple is defined by the optimal Imbens and
Kalyanaraman’s (2012) bandwidth specification.
We do not find a statistically significant program
effect on teacher retention, though the point esti-
mates are in the hypothesized direction. However,
similar to the graphical evidence, when we pro-
duce estimates for tested-subject teachers and
untested-subject teachers separately, we find that
Level 5 tested-subject teachers who receive a
retention bonus are approximately 20% more
likely to remain teaching in a Priority School
when compared with tested-subject teachers just
below the Level 5 cutoff. The point estimates for
untested-subject teachers are quite small and not
different from zero at conventional levels, which
suggests that teachers of tested subjects are driv-
ing the effect.
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We find qualitatively similar results when
we estimate the same series of models using
kernel weights (see Table 5). The same holds
true for estimates from bivariate probit-modeling
approach (see Table 5). It is important to note
that the estimated coefficients from probit mod-
els do not quantify the influence of the right
hand-side variables on the probability of success
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FIGURE 4. Histograms of the retention bonus
program assignment variable.

(i.e., remaining in a Priority School). Although
the sign and level of significance of the estimates
are informative, they are generally uninterpreta-
ble in isolation as they are parameters of the
underlying latent model. As such, in the line
below the biprobit estimates, we also report the
marginal effects of receiving a bonus on the
probability of remaining in a Priority School
holding the regressors at their mean value.
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It is plausible that rather than increasing the
retention of Level 5 tested-subject teachers, the
bonus policy only resulted in relatively higher
rates of retention of Level 5 teachers by depress-
ing retention of Level 4 teachers. One might
imagine that the bonus program could have
decreased the retention of Level 4 teachers who
felt discouraged by the lack of recognition they
received relative to other teachers who were just
marginally higher rated. We find that this is not
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the case. The rate of departure for all teachers
increased from the year prior to implementation
(0.109 vs. 0.134), but this change was noticeably
smaller for Level 4 teachers. As such, we argue
that the detected effect is a result of increased
retention of Level 5 teachers. On the contrary,
more Level 4 teachers may choose to remain in
high Priority Schools in hopes of achieving Level
5 status in the following year, thereby muting the
magnitude of the reported effect.

To supplement our primary modeling
approach, we also adopted a difference-in-differ-
ence strategy that focuses on the effects of the
bonus on the composition of teacher effectiveness
in the school as measured by the proportion of
teachers classified as high scoring on TVAAS.
We estimated models using the proportion of both
Levels 4 and 5 TVAAS teachers in a school or the
proportion of Level 5 TVAAS teachers in a school
as the dependent variable. We exploit 4 years of
data on teacher effectiveness (3 before and 1 after
the introduction of the bonus) to estimate compo-
sitional effects, where we compare the change in
average teacher value-added scores among par-
ticipating eligible schools with those of similar
nearly eligible schools that did not offer retention
bonuses. Similar nearly eligible schools are
defined as the bottom 10% of schools in the state
according to the state’s composite proficiency
rate calculation. We rely on TVAAS scores as a
measure of teacher effectiveness in this instance,
because the more holistic teacher evaluation rat-
ings were not implemented until the year before
the bonus program was implemented.

For this supplementary analysis, we first com-
pare eligible and ineligible schools, which repre-
sent intent-to-treat (ITT) estimates. That is, we
do not account for whether or not Levels 4 and 5
teachers in the school receive a bonus. We find
consistently positive, modest-sized effects of the
program. There is an approximate 16 percentage
point increase in the proportion of teachers rated
either Level 4 or Level 5 on TVAAS in a bonus
eligible school post-implementation. Similarly,
there is an approximate 13 percentage point
increase in the proportion of teachers rated Level
5 on TVAAS, showing a consistent pattern of
increased retention for both of our value-added
proxies for bonus eligibility.

We next produce treatment-on-treatment (TOT)
estimates where the indicator for bonus eligibility is



TABLE 4

Local Linear Regressions of the Impact of Incentive on Retention

Full sample

Tested-subject teachers

Untested-subject teachers

n Estimate/SE

n Estimate/SE n Estimate/SE

Optimal bandwidth 587
75% of optimal bandwidth 437
110% of optimal bandwidth ~ 644
125% of optimal bandwidth ~ 724
Full sample 1,485

0.138 (0.088)
0.066 (0.104)
0.080 (0.088)
0.110 (0.080)
0.045 (0.053)

369 0.198%* (0.110) 439
310 0.317%* (0.124) 331
386 0.202%* (0.107) 477
415 0.224** (0.100) 533
574 0.217*%%* (0.082) 911

0.000 (0.108)
0.065 (0.117)
0.026 (0.100)

~0.004 (0.095)

~0.046 (0.071)

Note. Robust standard errors in parentheses. All models include a full set of teacher and school controls.

*Significant at the 10% level. **5% level. ¥**¥*1% level.

TABLE 5
Sensitivity Analysis of Impact of Retention Bonus Estimates (Imbens & Kalyanaraman's, 2012, Optimal
Bandwidth Sample)
Full sample Tested-subject teachers Untested-subject teachers
n Estimate/SE N Estimate/SE n Estimate/SE
Primary model 587 0.138 (0.088) 369 0.198* (0.110) 439 0.000 (0.108)
Primary model with 734 0.105 (0.086) 416 0.243** (0.106) 536 0.025 (0.102)
triangular weights
Biprobit 587  1.192%* (0.605) 369  1.224** (0.597) 439 0.052 (0.977)

Marginal effects from
biprobit model above

0.206 (0.080)

0.210 (0.087) 0.013 (0.230)

Note. Robust standard errors in parentheses.
*Significant at the 10% level. **5% level. ***1% level.

replaced by an indicator for participation in the pro-
gram, predicted by eligibility in a two-stage least
squares instrumental-variable framework. As
expected, the TOT estimates are larger than the ITT
estimates. There is an approximate 34 percentage
increase in the proportion of teachers rated either
Level 4 or Level 5 according to TVAAS in a bonus
eligible school post-implementation. Similarly,
there is an approximate 27 percentage point increase
in the proportion of Level 5 teachers.

Robustness Checks

We test the robustness of our primary findings
through a series of placebo tests. We first esti-
mate our primary analytic strategy using a series
of placebo or false thresholds. The conventional
method for conducting this test is inserting

dummy variables for placebo thresholds into a
single RD model utilizing the complete sample
of teachers. We place placebo thresholds at fixed
quartiles rather than fixed distances from the cut-
off to ensure enough variability around the chosen
threshold. We then test the joint significance using
an F test. As displayed in Panel A of Table 6, we
find that the estimated retention effects are only
present at the Level 4/5 threshold; that is, we
only detect an effect at the threshold with real
world meaning to the teacher labor force in these
schools. Furthermore, the estimate for the impact
of the bonus program on retention is virtually
identical to those reported in the primary model
(i.e., 0.198 in primary model and 0.209 in model
with placebo thresholds).

We next explore the robustness of our findings
to various samples of teachers and schools where
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TABLE 6

Placebo Tests of Impact of Retention Bonus Estimates (Imbens & Kalyanaraman's, 2012, Optimal Bandwidth

Sample)

Panel A: Placebo thresholds

Full sample

Tested-subject teachers ~ Untested-subject teachers

Estimate/SE Estimate/SE Estimate/SE
Placebo threshold at 25th —0.099 (0.053) —0.111 (0.090) —0.048 (0.065)
quartile (OLE =—108.5)
Placebo threshold at 50th —0.064 (0.057) —0.008 (0.076) —0.070 (0.049)
quartile (OLE = —42.6)
Actual threshold (OLE = 0) 0.071 (0.058) 0.209*%* (0.092) 0.002 (0.076)
Placebo threshold at 75th —0.068 (0.057) —0.081 (0.086) —0.060 (0.076)
quartile (OLE = 13)
F test testing joint significance 6.08 2.61 2.78

of placebo thresholds

Panel B: Alternate samples

Full sample

Tested-subject teachers ~ Untested-subject teachers

n Estimate/SE n Estimate/SE n Estimate/SE
Primary model 587 0.138 (0.088) 369  0.198* (0.110) 439 0.000 (0.108)
Same schools, year  — 1 (year 586 0.065 (0.055) 167  —0.035(0.134) 484 0.035 (0.062)
prior to implementation)
Same schools, year f — 1 (year 432 0.024 (0.069) 254 0.066 (0.087) 369 0.094 (0.068)
prior to implementation)
with year ¢ bandwidth
High-poverty schools not 3,247 0.006 (0.009) 1,591 —0.020 (0.015) 1,875 0.019 (0.011)
eligible to participate in
program, year ¢
High-poverty schools not 2,259 0.026** (0.013) 1,263  —0.012 (0.020) 1,236 0.029 (0.016)

eligible to participate in
program, year ¢ — 1

Note. Robust standard errors in parentheses. OLE = overall level of effectiveness.
*Significant at the 10% level. **5% level. ***1% level. All models in Panel A condition on a linear spline of the assignment

variable.

we would not expect to find an effect at the Level
4/5 threshold because the retention bonus pro-
gram did not exist. As displayed in Panel B of
Table 6, we first restrict our sample to schools
that participated in the retention bonus program,
but conducted our analyses in the school year
prior to the implementation of the bonus program.
We do not find a significant difference in reten-
tion rates of Level 5 teachers just above the cutoff
compared with the retention rates of teachers just
below the Level 5 cutoff. Given the narrow
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bandwidth selected for the tested-subject teacher
sample (n = 167), we re-estimate the model using
the year ¢ bandwidth that includes 254 teachers.
Once again, we do not detect an effect. The same
holds true when we restrict the sample to all high-
poverty schools in Tennessee that are not eligible
to participate in the retention bonus program dur-
ing the year in which the retention bonus program
was implemented. We find similar results when
we use the same sample but in the year prior to
implementation.



Cost-Effectiveness Discussion

To allow for better comparison with alterna-
tive interventions that seek to elevate student
achievement in struggling schools, we estimate
the cost-effectiveness of the bonus program
across a range of plausible impacts on teachers’
retention decisions and the projected benefits
their retention ultimately confers on the students
they teach on remaining in a Priority School. The
cost-effectiveness of the policy is primarily a
function of the strength of the intervention in
improving the retention of a Level 5 teacher in a
Priority School. Teachers who accepted bonuses
had overall teacher effectiveness ratings more
than a full standard deviation above the state
average, and the average teacher hired by Priority
Schools was rated roughly two thirds of a stan-
dard deviation below the state average. Thus, for
every teacher that is retained as a result of the
bonus, students taught by that teacher rather than
the likely replacement experience an increase in
estimated teacher effectiveness of 1.64 standard
deviations.

Although recent estimates of variance in
teacher effectiveness differ (Hanushek & Rivkin,
2010), for simplicity, we follow Hanushek’s
(2011) arguably conservative effect size of 0.20
standard deviations in improved test performance
for students assigned a teacher one standard devia-
tion more effective (roughly the equivalent to
Krueger’s, 1999 estimated effect of reducing class
size by one third). Thus, the projected effect size
on student achievement for those taught by
retained teachers the following year would range
from roughly 0.20 to 0.33 standard deviations
depending on whether the teacher would have
been replaced by the average Tennessee teacher
(1.03 SD less effective than the average bonus
recipient) or the average teacher hired by a Priority
School in previous years (1.64 SD less effective).
To put this in perspective, Hanushek (2011) esti-
mates that a single year of exposure to a teacher
one standard deviation more effective can increase
the total lifetime earnings of a 25 student class by
greater than US$500,000, net present value.

In total, the state distributed slightly more
than US$2.1 million in US$5,000 retention
bonuses to 361 highly effective teachers, who
agreed to stay at a Priority School during the
2013-2014 school year. After employer shares of
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taxes and administrative costs, the total cost to
the state associated with each bonus paid was
roughly US$6,000. However, if the goal of the
investment was to retain highly effective teach-
ers, it is informative to calculate the costs per
teacher who would have otherwise left the
Priority School. Although our fuzzy RD design
estimated treatment effects are local to the cutoff
score and not generalizable to Level 5 teachers
who had particularly high scores, one can easily
account for uncertainty in the effect estimates by
estimating costs for a range of plausible program
impacts. For example, if 20% of teachers who
received bonuses stayed at a Priority School as a
result of the program, the cost per teacher retained
would be roughly US$30,000. If the teachers
who were retained as a result of the bonus taught
an average of 25 students, the cost per affected
student would be roughly US$1,200. If 90% of
the teachers who received bonuses would have
stayed in the absence of the bonus, the cost per
affected pupil would be US$2,400.

Compared with other interventions such as
NCLB’s supplemental education services (Heinrich
et al., 2013; Springer et al., 2014), summer school
(Jacob & Lefgren, 2004), or reduced class size
(Krueger, 1999), the costs per affected pupil asso-
ciated with the bonuses are modest, particularly
given the relative effects on student achievement
predicted for radical shifts in teacher effective-
ness associated with the retention of highly effec-
tive teachers (i.e., rated Level 5). Notably, none of
these alternative interventions costs are offset by
reductions to the significant administrative finan-
cial burden associated with teacher turnover,
including separation, hiring, and training costs
(Synar & Maiden, 2012).

Although our projected effects on students
may seem optimistic, there are several reasons to
consider them plausible lower bounds. Recent
studies have found significant effects on student
achievement through peer effects on colleagues
who work with highly effective teachers (Jackson
& Bruegmann, 2009) and negative effects on stu-
dents of teacher churn within and across schools
(Ronfeldt, Loeb, & Wyckoff, 2012). None of
these benefits are quantified in the estimates pre-
sented here. Also, all the above estimates pre-
sume the effects on retention only last one year. A
more accurate portrayal of the long-run benefits
of teacher retention on student achievement
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would also account for effects in subsequent
years for the portion that continue to work in the
Priority School each successive year.

Conclusion

Retention bonuses tied to estimates of teacher
effectiveness could serve as a tool for policymak-
ers to improve the quality of the teachers instruct-
ing disadvantaged students without implementing
layoffs or other punitive measures. Because
teachers across the effectiveness spectrum leave
high-poverty, high-minority schools regularly on
their own volition and are generally replaced by
less experienced and effective teachers, bonuses
that retain the teachers at the higher end of the
effectiveness distribution can have substantial
impacts on the quality of a school’s faculty. In
contrast to policies that would target teachers
with poor evaluations or low value-added esti-
mates for dismissal, introducing churn and insta-
bility, the retention bonuses mitigate unwanted
turnover and have the potential to strengthen
leadership and institutional knowledge among
the schools’ faculty while avoiding financial bur-
dens associated with turnover.

As is true for any policy that relies on observa-
tions and test-score-based value-added estimates
to differentiate teachers, the benefits of retention
bonuses are only as strong as the measures of
effectiveness are accurate. If, for example, the
designation of “highly effective,” based on the
composite evaluation, is functionally random or
even falls more frequently on less desirable teach-
ers, then the policy would not have the desired
effects on the teaching pool and could have dis-
couraging effects on effective teachers who failed
to receive the designation and monetary reward.
However, the negative consequences of such mis-
categorizations in the context of retention bonuses
are seemingly less severe than those for teacher
quality policies that rely on terminations.

Although this study offers an important contri-
bution to a relatively slender body of research
using rigorous research designs to estimate the
impact of teacher retention bonus programs, it is
important to acknowledge several limitations.
First, the late timing of implementation limited
the opportunity for principals to take advantage of
the program as a retention incentive. The program
was not formally announced until March 2013,
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and many districts open the window for transfers
as early as the first week of March. By the time
eligible principals had applied to and been con-
firmed to offer bonuses, many teachers may have
already made their decisions about whether or not
to exit. Late timing may have decreased the level
of awareness among eligible teachers; thus, the
estimates presented in this study represent a con-
servative lower bound for what we might expect
in the future. At the same time, it is worth noting
that the late implementation limits the potential
for principals and teachers to game the system by
inflating observation scores to increase certain
teachers’ odds of receiving the bonus. Thus,
although the timing of implementation limits both
the sample and predicted effect size, it potentially
strengthens the internal validity of our RD identi-
fication strategy.

Second, considerable noncompliance with the
rules established for the distribution of the bonuses
makes it difficult to rule out the potential that prin-
cipals were offering bonuses selectively based on
some alternative criterion that happened to align
relatively well with the cutoff that provides the
basis for the discontinuity. The use of the Level 5
assignment rule as an instrument allows us to iso-
late the variation in bonus recipients that was
attributable to the functionally random distinction
between teacher scores slightly above and below
the cutoff for teachers to become a Level 5.
However, if principals were aware of the cutoff
and inflated teachers’ observation scores who they
wanted to stay or thought were more likely to stay,
then the estimated effect of the bonus program
could in part represent some unobserved difference
between the recipient teachers and nonrecipients
that was not captured by the full set of controls. As
we stated above, though, this type of gaming bias
is made less likely due to the small window of time
around the implementation, and analyses of evalu-
ation scores separate from value-added measures
uncovered no consistent irregularities.

Despite these substantial implementation dif-
ficulties, and a relatively small sample of partici-
pating schools, we find some encouraging
evidence of a causal link between the bonus offer
and retention of high-quality teachers. Estimates
are particularly positive among teachers of tested
subjects and grades, for whom we have the most
credible estimates of classroom effectiveness and
are perhaps the most difficult to retain in schools



facing strict oversight and accountability. On
several measures, schools that participated in the
bonus program appear to be slightly more disad-
vantaged than even the other eligible Priority
Schools, ensuring that the bonuses provided
additional compensation to effective teachers
working in some of the most challenging settings
in the state.

Moving forward, policymakers implementing
similar programs could benefit from additional
steps to ensure that principals and teachers in eli-
gible schools are aware of the bonuses and are
supported throughout the implementation process
to ensure compliance with program guidelines.
Earlier implementation and efforts to improve
awareness would increase the likelihood of this
type of performance-based retention bonus serv-
ing as both an incentive to stay at a hard-to-staff
school and a reward for laudable work in a vital
setting. Future research should seek to illuminate
teacher and principal perceptions of the bonuses,
barriers to them reaching the teachers they are
designed to target, and the mechanisms by which
they influence teachers to stay.

In the context of prior literature on the most
comparable monetary retention incentives, the
roughly 20% increase in rate of retention for the
US$5,000 bonus could be viewed on its face as
evidence for diminishing returns to increases in
the size of the reward, as Clotfelter et al. (2008)
found similar effects for a bonus roughly half as
large. However, it is important here to note that
in contrast to the NC bonuses, which had no
requirements around measured effectiveness, the
Tennessee bonus program targeted only teachers
at the top end of the effectiveness spectrum. In
their 2011 examination of the relationship
between teachers’ preservice credentials (an
admittedly crude proxy for effectiveness), salary,
and school characteristics, Clotfelter, Ladd, and
Vigdor concluded that teachers with the strongest
credentials require substantially larger salary dif-
ferentials to remain in segregated high-poverty,
high-minority schools than their less-qualified
peers. Thus, the relatively larger bonuses in
Tennessee could be understood as roughly equiv-
alent to the NC bonuses, for the conceivably
more marketable population of teachers classi-
fied as “significantly exceeding expectation.”

Relatedly, it is worth reiterating the limitations
of generalizability of the main findings presented
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in this article. First, as noted above, the Tennessee
retention bonuses were offered only to teachers
with the highest effectiveness rating (Level 5 on
1-5 scale) in the lowest performing schools (bot-
tom 5% in the state on composite of test scores
and graduation rates). It is plausible that smaller
bonuses could yield similar results in even mod-
erately less disadvantaged schools with smaller
concentrations of high-need students. Similarly, if
the aim was simply to reduce turnover among
teachers who meet expectation (as opposed to sig-
nificantly exceeding them), a more inclusive eli-
gibility criterion could potentially yield larger
effects. Furthermore, as is always the case for RD
design, our results are local to teachers who were
close to the eligibility cutoff, making it impossi-
ble to extrapolate findings to teachers who had
the highest ratings in the highest rating category.
Finally, we find no impacts for teachers of
untested subject and grades, a group that repre-
sents the majority of the teacher labor force.
Notably, these teachers face competing policy
incentives due to the inclusion of school-level
growth scores in their overall evaluation rating,
which is by construction low in Priority Schools.

In sum, although our findings from Tennessee
are consistent with a theory that even relatively
small economic rewards can help mitigate the
problematic exit patterns of teachers in high-
need schools, they also highlight the need for fur-
ther examination of the interaction of working
conditions, nonmonetary policy incentives, and
compensation to facilitate a more equitable dis-
tribution of the vital resource that is high-quality
teachers. The small but substantively significant
effects for highly effective teachers of often-pri-
oritized tested-subject areas inspire optimism
about the potential for salary supplements as a
tool in combating inequality. Our relatively crude
cost-effectiveness analyses also indicate that
such expenditures could yield significant bene-
fits to students under a range of plausible effects
on both retention and achievement. However, the
lack of impacts on teachers of untested subjects
and grades paired with the relatively large per-
centage of teachers of tested subjects and grades
who chose to leave and forgo the substantial pay-
ment underscore the complexity of keeping
effective teachers in challenging environments
with high concentrations of poor and minority
students.
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Notes

1. The sorting of teachers across schools exac-
erbates racial and poverty-related achievement gaps.
Schools enrolling children from the most disadvan-
taged backgrounds are more likely to be staffed by
teachers graduating from less competitive colleges,
teachers instructing out-of-field, and novice teachers
(Clotfelter, Ladd, & Vigdor 2011; Iatarola & Stiefel,
2003; Lankford, Loeb, & Wyckoff, 2002; Peske &
Haycock, 2006). Teacher effect research consistently
finds that novice teachers (e.g., first or second year
teachers) produce smaller achievement gains for their
students than more experienced teachers (Aaronson,
Barrow, & Sander, 2007; Henry, Bastian, & Fortner,
2011; Kraft & Papay, 2014; Rivkin, Hanushek, &
Kain, 2005). The net result is that children enrolled
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in schools with high concentrations of disadvan-
taged students have greater exposure to less-qualified
instructors.

2. See Kolbe and Strunk (2012) for a typology of
policies and practices regarding economic incentives.

3. Similarly, a simulation study by Clotfelter et al.
(2011) suggests that teachers with better credentials
demand a significantly larger pay differential to stay
in disadvantaged schools than their peers with average
credentials.

4. Tennessee Department of Education (TDOE)
and the Governor’s office also implemented a teacher
signing bonus program. To help attract the most effec-
tive teachers to Priority Schools, a signing bonus of
US$7,000 was offered to every new Level 5 teacher
who transferred from a non-Priority School into a
Priority School during the 2013-2014 school year.
Only 59 teachers received the signing bonus. We do
not evaluate this aspect of the program due to small
sample size.

5. Teachers continue to push back on Tennessee’s
teacher evaluation process (Johnson, 2014).

6. Teachers with the top rating are only required to
participate in one formal observation in the following
year, with two walk-through observations.

7. A number of studies have investigated the
effect of signing bonuses on teacher recruitment
(Fowler, 2003; Liu, Johnson, & Peske, 2004) as well
as the effect of a salary increase on teacher retention
(Hough, 2012).

8. Two recent working papers add insights about
the effectiveness of recruitment incentives for specific
credentials. Cowan and Goldhaber (2015) find that a
targeted teacher incentive policy in Washington State
increased the proportion of National Board Certified
Teachers in high-poverty schools, though they did not
find evidence that this compositional change affected
student achievement. Feng and Sass (2015) investigate
the effect of Florida’s critical teacher shortage loan for-
giveness program, finding that the loans forgiveness
decreased attrition of teachers in shortage areas and
that teachers were more responsive to larger payments.

9. For more information on Tennessee Value-
Added Assessment System (TVAAS), see http:/
www.tn.gov/education/topic/tvaas.

10. For more information on CODE, see http://
team-tn.org/evaluation/data-system/

11. Program guidelines and participation sign-up
procedures can be found here, https://news.tn.gov/
sites/default/files/Bonus%?20and%?20retention%20
application.pdf

12. The presence of nonparticipants is an external
validity concern in evaluations of social programs.
However, nonparticipants do not seem egregious in our
application given that fewer than 10 schools (less than
12% of all eligible campuses) with Level 5 teachers


http://www.tn.gov/education/topic/tvaas
http://www.tn.gov/education/topic/tvaas
http://team-tn.org/evaluation/data-system/
http://team-tn.org/evaluation/data-system/
https://news.tn.gov/sites/default/files/Bonus%20and%20retention%20application.pdf
https://news.tn.gov/sites/default/files/Bonus%20and%20retention%20application.pdf
https://news.tn.gov/sites/default/files/Bonus%20and%20retention%20application.pdf

opted not to participate. Nonetheless, it is important
to note that some schools with eligible teachers opted
not to participate.

13. More information on partial-year exemption
status can be found at http://team-tn.org/tag/pye/.

14. Data on the teacher retention bonus program
contained one teacher record associated with two
Priority Schools and five cases that did not merge on
to data maintained by the Consortium. The duplicate
teacher record was assigned to a single school where
the assignment was based on where she appeared most
frequently across various management information
systems. After exhaustive attempts to reconcile the
five anomalous cases, we decided to drop these cases
from the analysis file as we could not locate pertinent
information on these cases. We were also unable to
obtain detailed information on why 56 Level 5 teach-
ers did not receive a retention bonus.

15. This type of regression discontinuity (RD)
design has been shown to produce unbiased, valid
estimates of program effects approximating a random-
ized experiment (see, for example, Angrist & Lavy,
1999; Black, 1999; Cook, 2008; Hahn, Todd, & Van
der Klaauw, 2001; Imbens & Lemieux, 2008).

16. As noted in Lee and Lemieux (2010), although
the probability of treatment is modeled as a linear
probability model, it does not impose any restrictions
on the probability because g(x — ¢) is unrestricted on
both sides of the cutoff ¢, while 7 is a binary indicator.
So there is no need to express model using a probit or
logit model.

17. The point estimate is 0.099 and the standard
error is 0.1744.
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