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Abstract

Teachers play a vital role in the education system, leading many school districts
to implement payment-based incentive schemes to improve teacher quality. De-
spite their promise, these incentive schemes often do not generate the sought-after
performance improvements. This paper sheds new light on the impact of pay-for-
performance schemes by examining both the initiation and termination of such
a program, finding a stark asymmetry between these effects. Student test scores
do not change following the introduction of the program but decrease sharply (by
0.09 standard deviations) following its termination, despite the program being es-
sentially unchanged during its ten-year tenure. The majority of the decline in test
scores is explained by within-teacher changes in performance rather than changes to
teacher composition. We argue that these differential effects arise because teachers
who are responsive to incentives, preferring to work in high-stakes environments,

gradually sort into program schools over time.
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1 Introduction

Improving teacher quality is among the most effective ways to improve both short- and
long-run student outcomes (Chetty et al., 2014). Many different polices for raising teacher
quality have been proposed, including selective dismissal based on measured performance,
professional development and training programs, school-based accountability programs, and
pay-for-performance schemes. Payment-based incentive programs are particular appealing,
given their potential to both alter the composition of teachers and the effort put forth by
existing teachers (Dee and Wyckoff, 2015). Yet, despite their promise, the evidence on
payment-based incentive schemes has been mixed, with many studies estimating little to no
improvement in student test scores following their implementation (Atkinson et al., 2009;
Springer et al., 2010).

The numerous pay-for-performance programs in existence today differ markedly across
important design dimensions,! and while design flaws may render an incentive scheme inef-
fective, it may also be the case that some programs are well-designed but require time to
elapse before their impact is observed. Program awareness, an understanding of its rules,
and trust in the performance measures being used all take time to set in and play impor-
tant roles in securing effective participation and ‘buy in” among teachers (Neal, 2011). The
introduction of high-stakes incentives may also alter the composition of teachers over time,
with incentive-responsive or high-performing teachers sorting into such workplaces and less
incentive-responsive teachers sorting out (Biasi, 2021; Leaver et al., 2021). The initial im-
pacts of incentive programs — when these critical pieces have not yet taken hold — may
therefore be quite different from the long-run impacts.

In this paper, we demonstrate the potential differences in the short- and long-run effects

of teacher pay-for-performance programs by separately estimating the impact of both the

1Design considerations include bonus payment size (Fryer, 2013), the use group- or individual-based incentives (Goodman and
Turner, 2011; Imberman and Lovenheim, 2015), the use of tournaments or fixed thresholds for evalauting performance (Loyalka
et al., 2019), the reliability of performance metrics (Brehm et al., 2017), and whether there also exist punitive consequences for
inadequate performance (Adnot et al., 2017).



commencement and termination of such a scheme. Specifically, we study the Mission Possible
program, a pay-for-performance program implemented in the 2005-06 academic year and
terminated in the 2016-17 year in the Guilford County Schools district in North Carolina. We
couple this policy variation with detailed school administrative data, allowing us to estimate
changes in teacher composition and within-teacher performance in response to both the start
and end of the program.

We find a stark asymmetry between the initial effect of the program and the effect of its
termination. In line with many prior studies (Glazerman and Seifullah, 2010; Springer et al.,
2010, 2012; Fryer, 2013; Chiang et al., 2015; Brehm et al., 2017),% a difference-in-differences
approach reveals little to no effect of the program on student math scores up to three years
after its introduction. Ten years after its implementation, however, the program was ter-
minated due to lack of funding. Here our assessment differs remarkably: The elimination
of Mission Possible reduced student math scores by 0.09 standard deviations, with nearly
the entire impact being observed immediately (i.e., in the year after) the program ended.
Further, more than half of the observed decline in student math scores is driven by within-
teacher quality reductions, with the remainder explained by changes in teacher composition
in schools that were previously enrolled in the program.

The asymmetry we find occurs despite the incentive program featuring no major changes
during its tenure. We also highlight that Mission Possible immediately offered very large
financial incentives (up to $6,000 per year or over 10% of average annual salary) for teachers
who achieved sufficiently high value-added on the job. In spite of these large incentives,
the full effects of the program still took time to realize.®> These findings underscore that
even well-designed programs with substantial pay-for-performance incentives require time to
reach their full potential.

Such programs are often multi-faceted and complicated, and participants require guidance

2United States based studies finding positive effects include Sojourner et al. (2014), Balch and Springer (2015), Dee and
Wyckoff (2015), Imberman and Lovenheim (2015), and Eren (2019), while studies of successful programs abroad include Lavy
(2002), Lavy (2009), and Muralidharan and Sundararaman (2011).

3We discuss the details of the Mission Possible program in Section 2.



on what is required of them and time to fully understand and buy into program rules. The
Mission Possible program, for example, organized several information sessions over the first
few years where program organizers explained and regularly reinforced the key ideas behind
value-added performance measurement. These efforts gradually convinced teachers of the
validity and fairness of value-added measurement and the genuine intentions of the program
designers to improve student outcomes.

The passage of time also allowed higher-performing and more incentive-responsive teach-
ers to enter program schools. While overall turnover rates did not change differentially
in program schools, we show that teacher composition did gradually change. Specifically,
the difference in average prior (i.e., measured before Mission Possible’s introduction) value-
added between teachers who enter and exit program program schools increased relative to
the same difference in non-program schools, consistent with higher-performing teachers se-
lecting into high-stakes incentive environments. Further, teachers who switched into Mission
Possible schools also then experienced greater improvement in value-added upon switching
than teachers who entered non-program schools.*

Given that Mission Possible eventually took hold with teachers who self-selected into its
incentive structure, it is unsurprising that the termination of the program caused both a
departure of high-performing teachers and a reduction in effort among remaining teachers.
The teachers present in Mission Possible schools at the program’s end were more responsive
to incentives than those who where in these schools when the program started, and likely
preferred working in an environment with the opportunity to earn performance bonuses.

Our findings contribute the mixed literature on payment-based incentive programs for
educators by highlighting the importance of participants having full information about pro-
gram details and having choice over whether to work in a high-stakes environment. Both
take time to fully realize, suggesting that at least some of the estimated small or null effects

of similar incentive programs found in the prior literature are under-estimates of the true

4Those switching into non-program schools exhibited the improvement one would expect from teachers seeking out better
match quality schools (Jackson, 2013).



program effect.
The remainder of this paper is organized as follows: the next section provides a back-
ground on the Mission Possible program, while Section 3 describes our empirical strategy

and data. Section 4 presents our results.

2 Institutional Background

Mission Possible was a pay-for-performance program designed to improve teacher perfor-
mance and attract and retain high-quality teachers in hard-to-staff schools. Mission Possible
was implemented in the Guilford County Schools district in North Carolina in the 2005-06
academic year. In its first year of operation, the program was funded with local district and
philanthropic dollars and enrolled 20 low-performing schools. In the 2006-07 academic year,
the district was awarded federal funding from the Teacher Incentive Fund that allowed it
to add an additional 8 schools to the program, with the district receiving another Teacher
Incentive Fund grant in the 2010-11 school year allowing it to enroll another 20 schools in
the program. Funding from the federal grants ran out after 2015-16. While the district
was able to use local funds to continue the program one more year, the 2016-17 academic
year was the last year of the program. Over its course, Mission Possible enrolled 10 high
schools and 40 elementary and middle schools. Given the program’s focus on hard-to-staff
and low-performing schools, these schools represented the lowest performing schools in the
district.

The program offered two main sources of incentives. First, one-time recruitment bonuses
of $5,000 were given to teachers who joined a Mission Possible school and whose value-
added over the prior two academic years was above the district average. Additional yearly
bonuses of $2,500 were also given to teachers in hard-to-staff positions (mostly for math and

science). Second, yearly performance bonuses were given to teachers based on their value-



added:® Teachers with a value-added score 1 standard deviation above the district average
would receive $2,000 and a teacher with a value-added score 2 standard deviations above
the district average would receive $6,000. Performance rewards were doubled for middle
and high school math teachers. A $1,500 per teacher schoolwide performance incentive was
also available, given to all teachers in a school that ‘exceeds expected growth.” A secondary
math teacher could therefore receive over $15,000 per year from the program (plus the initial
$5,000 recruitment incentive).

Mission Possible clearly offered incredibly generous monetary incentives for working and
performing well at hard-to-staff schools. However, the program did more than just set per-
formance bonuses. Program organizers created resources and conducted information sessions
to explain how value-added measurement worked and why it was a fair way to assess perfor-
mance. They also designated six “teacher leaders” at each school who could act as a point
of reference for their colleagues. (These teacher leaders were given $2,000 per year for their
efforts.) The program further made teachers feel supported by identifying specific areas of
pedagogical concern for teachers and then offering professional development programs to
assist with improving these skills.

As we demonstrate below, despite the incredibly generous performance bonuses and effort
to generate buy-in among teachers, program effects still took several years to surface and

only become evident upon the termination of the program.

3 Empirical Strategy and Data

3.1 Empirical Strategy

Our empirical goals are twofold. First, we want to capture the effect of the introduction
and termination of the Mission Possible program. Second, we aim to decompose the impact

of the program at its introduction and termination into two components: (i) within-teacher

5Value-added was calculated using the SAS® EVAAS®) model. See Vosters et al. (2018) for more details on how this model
calculates value-added.



quality changes, and (ii) teacher sorting. The former component highlights the ability of
teacher incentive schemes to raise teacher quality given a fized set of teachers, while the latter
identifies how Mission Possible raised math scores by attracting higher quality teachers. Our
two empirical goals use data at different levels of aggregation: the student-level data is used
directly to capture the total effect of the program, while the data is collapsed to the teacher-
or school-level when we conduct the decomposition.

Our empirical strategy consists of event-study and difference-in-differences regressions
that compare students and teachers in Mission Possible and non-Mission Possible schools
before and after either the introduction or termination of the Mission Possible program. We
have two choices to make here: (i) defining an event window, and (ii) defining the comparison
group of ‘non-Mission Possible’ schools. For the event window, our main results use three pre
and three post periods around the event (although we also explore five-year windows around
the event below). We then define the ‘non-Mission Possible’ schools as schools in Guilford
County that are not part of the Mission Possible program. (Table A.4 shows robustness to

defining non-Mission Possible schools as schools in the rest of North Carolina.)

Total Effect: To estimate the introduction of the Mission Possible program we compare the
test scores of students in Mission Possible schools to those in non-Mission Possible schools in
Guilford County. Since the Mission Possible program introduction was staggered over three
phases, we defined each phase as an event and stack our data. Specifically, we construct our
sample by creating separate datasets for each of the three phases. Since naive event study
estimates can be biased when there is variation in the timing of the treatment across units
and treatment effect heterogeneity (Sun and Abraham, 2021), we follow Cengiz et al. (2019)
to mechanically ensure that no previously treated units enter the control group. To do so, we
label schools that enter the Mission Possible program during that event as Mission Possible
schools while all other schools in Guilford County are labelled non-Mission Possible schools,

dropping any school that will become (or that became) a Mission Possible school.



We therefore estimate the following stacked event study model:

Vit =0+ 3 DI+ > 6, (MPy, x D7) + Xt + A+ % + €ispe » (1)
T T#—1

where y;q, is the math score of student ¢ attending school s for Mission Possible phase p in
academic year ¢. The variable MP;, is an indicator equal to 1 if school s becomes a part of the
Mission Possible program in phase p and D}, are indicators equal to 1 if year ¢ is 7 years after
(or before, if negative) the phase-in year and 0 otherwise. The vector X, consists of student-
level controls including lagged test scores, demographics, and assigned grade. Finally, A; and
7, are time and phase fixed effects. The coefficients of interest are the ¢,; they represent
the difference in math scores between Mission Possible and non-Mission Possible schools 7
years after (or before, if negative) the Mission Possible phase. We normalize the coefficient
at t=—1 to zero and graph the ¢, in event time in the figures that follow.

For table estimates, we estimate a pre-post version of equation (1):
yispt =a+ Z D;—t + ﬂ(MPsp X POStpt) + 5Xist + /\t + ’YP + 6ispt ) (2)

where Post, is an indicator equal to 1 if year ¢ is after Mission Possible phase p and all other
variables are defined in equation (1).

We estimate the effect of the elimination of the Mission Possible program in a similar
way, although since Mission Possible was terminated for all schools after 2016-17 there is

only one termination phase. Therefore, we can lose the phase subscript and estimate:

it =0t Y 6 (MPyx I{t = 7}) + 6 X + M + st (3)

T#£2016-17

where 1{t = 7} is a year indicator, and all other variables are defined in equation (1). The

coefficient at ¢t = 2016 —17 is normalized to zero. A similar pre-post version of the above



equation is used for the table estimates.%

3.2 Impact on Teachers

To investigate the impact of teachers, we start by calculating the quality of a given teacher j.
We do so using value-added methodologies. Formally, we model the achievement of student

1 assigned to teacher j in year t as:
Yijt = it + PXije + €35t (5)

where y;j; is the student’s math score, and X,;; are observed characteristics of the student
(demographics, past academic performance), and o, is teacher j’s contribution to test scores
in year ¢, or simply value-added. We estimate o, via fixed effects, giving us a time-varying
measure of teacher quality.” Importantly, we allow teacher value-added to vary over time

which is crucial in our setting to observe effort responses to the incentive.

Teacher Effort: We capture within-teacher quality changes — which we call ‘effort” — by
running the same event study regression as in equation (2) but include a teacher-school fixed
effect. The teacher-school fixed effect ensures that we are comparing the same teacher at the
same school before and after Mission Possible is introduced or terminated. Specifically, we

estimate the impact of the introduction of Mission Possible on teacher effort by regressing:
Qjspt = Yjs + Z Dy, + B(MPgy X Posty) + A + 7 + €jspt » (6)

where &5, is our VA estimate of teacher j in year ¢, ¥, are teacher-by school fixed effects,

6Specifically, we regress:
Yispt = & + ﬁ(MPs X POStt) + 5Xist + e + €Eispt » (4)

where PostMP; =t > 2017—18 is a post-Mission Possible program indicator, and all other variables are defined in equation
(2).

"We do so by employing a two-step estimation procedure that first purges the covariates Xijt from equation (5) and then
estimating aj; using fixed effects from the equation #;j; = ot + €;j; where §;;; are the residualized test scores resulting from
the first step. Note that we do not employ empirical Bayes methodologies; this is because they are not needed in our context
as we will use our VA estimates, &y, as a dependent variable. (In contrast, researchers using VA estimates as an independent
variable use empirical Bayes to reduce attenuation bias.) See Koedel et al. (2015) for a detailed review of value-added methods.



and all other variables are defined in equation (2).
Similarly, we can identify the termination of Mission Possible on teacher effort by regress-

ing:
CAYjSt = sz -+ 5(MPS X POStMPt) -+ )\t + €jst (7)

where PostMP; =t > 2017—18 is a post-Mission Possible program indicator, and all other

variables are defined in equation (6).

Teacher Sorting: To capture the impact of teacher sorting we identify the change in teacher
VA in Mission Possible and non-Mission Possible schools coming from teachers entering and
exiting MP schools in a given year.

MP} denote the VA estimate for teacher J constructed using data from

Formally, let &;
years before MP was adopted.® Leaving out post-MP adoption data ensure that VA does
not incorporate any effort response in the teacher quality calculation. Let nj; denote the
enrollment of teacher j’s class in period ¢. We then take all teachers who enter school s in

period ¢ from another school s in ¢t —1° and find the enrollment-weighted VA, Z enter of these

teachers in school s:

Zj njtdj_{MP}IL{st #s',t—1}

Zj Nji

Senter
Zst -

(8)

Analogously, we take all teachers who exited school s in period t — 1 and find the enrollment-

weighted VA, Zﬁgft, that these teachers would have contributed to school s in period ¢ had

they remained:

zj nj’t_lolj_{MP}IL{s’t # st —1}
> Myt '

8We also exclude any years when the teacher was in a MP school pre-MP adoption to ensure we are purging our VA estimates
from any possible influences of MP schools.

9The set s’ also includes the option of not teaching. We therefore include teachers who enter school s but did not teach in
the prior year as part of our identifying variation for Z;"f’”.

Sexit
Zst -

(9)

10



The change in teacher VA in school s at time ¢ from teacher turnover, Zst, is then given

as the (enrollment-weighted) change in VA from entering and exiting teachers: Zy =

. Zenter __ . 7 exit
205 M1 X 28 205 Mit—1 X2
2oyt -1

Using the school-level incentive-invariant quality differences between teachers entering
and exiting school s, Zst, we can identify the impact of Mission Possible adoption on teacher

sorting by regressing:
Zy=rke+ Y Dp+ B(MPy, x Posty) + A + 7 + €t (10)

where £ is a school fixed effect and all other variables are defined in equation (6). Similarly,
equation (7) can be adapted to capture the impact of Mission Possible termination on teacher

sorting (i.e., simply drop the ‘j’ subscripts).

3.3 Data

Our data consist of detailed administrative data from the North Carolina Education Re-
search Center (NCERDC). Our student-level data include information on all public school
students in the state for the 2002-03 to 2018-19 academic years. Importantly, the NCERDC
data contain unique student and teachers identifiers, allowing us to match students to their
teachers and to track both students and teachers over time.

The data contain test scores for each student in mathematics and English for grades two
through eight from standardized tests that are administered at the end of each school year
in the state.!® Test scores are reported on a developmental scale, which is designed such
that each additional test score point represents the same knowledge gain, regardless of the
student’s grade or baseline ability. We standardize this scale at the student level to have a
mean of zero and a variance of one for each grade-year. Student-level demographics include

sex, ethnicity, socioeconomic status, English learner status, disability, and gifted status.

10The exception is the second grade test, which is administered at the start of the school year for students in third grade.
In addition, the second grade test was discontinued after 2008-09 and is not available in either 2005-06 for mathematics nor
2007-08 for English.
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Summary statistics are reported in Table 1. Column (1) shows student characteristics for
all students in the sample. North Carolina has a white student plurality and a substantial
black minority population (27 percent), with Hispanic and Asian students making up a
further twelve and three percent of the student body, respectively. Almost half of all students
are socioeconomically disadvantaged, eleven percent report having a disability, and fifteen
percent are gifted. Column (2) focuses on students who can be matched to teachers and
thus form the sample we use to calculate teacher value-added. These students tend to be
slightly lower-performing, which is caused by high-performing middle school students taking
advanced math classes that have lower teacher-student match rates in our data (as multiple
teachers cover these courses over the academic year).

Column (3) and (4) then display summary statistics for students attending Mission Possi-
ble schools and Guildford County schools (excluding Mission Possible schools), respectively.
As Mission Possible focused on the lowest-performing schools, there are large differences
across these samples with students at Mission Possible schools being far lower performing.
In addition, these students are more likely to be Black (and correspondingly less likely to be
white) and socioeconomically disadvantaged. Table A.1 further shows summary statistics

among these schools during the three years pre and post adoption and termination of Mission

Possible.

4 Results

In this section, we first document little to no effect on test scores of Mission Possible up to
three years after its introduction. We then show that, more than a decade later, the termi-
nation of the program led to sharp and immediate declines in test scores measured at around
0.09 student-level standard deviations. Having established these asymmetric responses, we
argue that high value-added and more responsive-to-incentives teachers gradually sorted into

program schools over time. When the program was terminated, these teachers responded

12



negatively to the removal of high-stakes bonus payments.

4.1 Aggregate Effects of Mission Possible’s Introduction and Termination

Impact of the Introduction of Mission Possible: We start by reporting the effect of
Mission Possible’s introduction on student outcomes. Figure 1(a) displays (residualized)
math test scores around the introduction of Mission Possible. Comparing the Mission Possi-
ble schools to other schools in Guilford County, the introduction of Mission Possible at event
time ‘0" was associated with a moderate increase in test scores in the first post-introduction
period. However, this increase was similar to the increase in test scores that occurred district-
wide in the same period. Using other Guilford County schools as the control group, Figure
A.1(a) formalizes this point by reporting the event study coefficients (from equation (1))
that represent the difference in math scores between Mission Possible and non-Mission Pos-
sible schools years after (or before) the introduction of Mission Possible. Compared to
non-Mission Possible schools in Guilford County, the introduction of Mission Possible did
not create any economically or statistically significant impacts on test scores. Panel A in
Table 2 underscores this point, as Columns (1) to (3) report the point estimate from the
pre-post event study design given by equation (2) using a three year window around the
introduction of Mission Possible. We find that the introduction of Mission Possible only
increased student math scores by 0.02-0.030 and none of the estimated effects are statisti-
cally significant at conventional levels. These results increase slightly when using a five year
window to 0.04-0.05¢0 and are marginally significant.

Impact of the Termination of Mission Possible: Now we show the impact of Mission
Possible’s termination. Figure 1(b) displays (residualized) math scores around the end of
Mission Possible after 2016-17. A large decline in math scores in the schools that were part
of Mission Possible can be seen after 2016-17, while no noticeable drops are visible for the

non-Mission Possible schools in Guilford County. In addition to this raw data evidence,
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Figure A.1(b) shows the result for the event study coefficients from equation (1). This event
shows a decrease in math test scores for Mission Possible schools of 0.050 one year after the
termination of the program. This decline in test scores more than doubled after termination
to about 0.120. Panel B of Table 2 reports the point estimate of the impact of termination
on math scores in columns (1) to (3) using a three year window around the termination of
Mission Possible.. We find that the termination of Mission Possible decreased student math
scores by 0.08-0.09¢. Columns (4) to (6) show that the results are similar when using a five

year window.!!

4.2 Mechanisms: Information, Teacher Effort, and Teacher Sorting

In this subsection, we discuss how Mission Possible organizers worked hard to establish trust
among teachers in the validity of VA measures and to ensure an understanding of program
rules. While there was no clear improvement of pre-existing teachers in Mission Possible
schools when the program started, higher value-added teachers and those more responsive to
incentives gradually sorted into program schools. When the program terminated, program
schools were mainly comprised of teachers who selected to work in a high-stakes environment
and who were therefore likely more responsive to incentives. The termination of the program
consequently resulted in a large and immediate decline in performance in response to the

removal of performance bonuses.

4.2.1 Information and ‘Buy In’

The administrator who organized Mission Possible put substantial effort to disseminate the
relevant information, develop trust, and facilitate ‘buy in’ from teachers. These adminis-
trators held multiple information sessions at all the mission Possible schools to help teacher
understand how the program work and to help them understand the measures being used for

the incentive. In addition, in each of these schools a teacher was assigned to be the Mission

11Since data is only available for two year post termination this increase in the event window only increases the number of
years used pre-termination.
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Possible team leader and would be the point person for immediate questions and concerns
within the school. In addition, the administrators held regular activities to promote the
program. Through these efforts the administrators tried to develop both an understanding
and trust in the value-added measure being used so that teacher would actively participate

in the program.

4.2.2 Effort of Pre-Existing Teachers at Mission Possible Schools at Introduction

Given the limited math scores gains from the introduction of the program, it is no surprise
that our decomposition finds little within-teacher changes in quality after the commencement
of Mission Possible. In particular, Figure 2(a) shows the change in teacher VA from the year
after Mission Possible was introduced relative to the year prior (among teachers at that
school for both years). While a large increase occurs in Mission Possible schools, a similar
sized increase occurs in the rest of the district. This suggests there is little change from this
source. This can be more clearly seen in Figure A.2(a) were we find no significant change
to within-teacher VA after the introduction of Mission Possible when using the rest of the
district as the comparison group. In columns (4) of Panel A in Table 3 we report point

estimates for the within-teacher change in VA and find no evidence of an effect.

4.2.3 Sorting by Pre-Determined Teacher Quality at Introduction

While we find little evidence of and effect on within-teacher effort for pre-exiting teachers at
Mission Possible schools, the program may influence higher VA teacher to enter. Figure 3(a)
reports the average VA change coming from teachers entering and leaving schools around the
introduction of Mission Possible. In the first year after the introduction of Mission Possible,
there is a large increase in the average VA change from entering and leaving teachers. After
this change in the first year the Mission Possible schools look similar to the rest of the district
and North Carolina. We formally test this effect in columns (5) of Panel A in Table 3 and

Figure A.3(a). Table 3 shows that while the average VA change from teachers entering and
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leaving Mission Possible schools was large, these effect were not statistically significant and
were only limit to the teachers who moved into the school during this window (Figure 5 and

Figure A.5 show turnover rates of about 15%).

4.2.4 Sorting by Responsive to Incentives

Another way in which teachers may sort into Mission Possible schools is by there own match
quality with Mission Possible schools. Teachers who know that they respond well to high
stake incentives may move to Mission Possible schools and then see improvements in the VA
after this move. In Figure 4 we show that increase in within-teacher VA after moving to a
new school was much higher for teachers that moved to a mission possible school than other
schools in either the district or state. This faster improvement when a teacher switched into
a Mission Possible schools than when switching to a non-Mission Possible school suggests
that teachers that are more responsive to incentives are the teacher switching into Mission
Possible schools. The event study of these results can be seen in Figure A.4 using the rest
of the district as the comparison group and shows that the effect is statistically significant
and grows to over 0.100 over the first three years after a teacher moves to a Mission Possible

school.

4.2.5 Within-Teacher Performance Declines Upon Mission Possible’s Termination

After a decade of the program operating, we have teachers who chose to be there and are
likely more responsive to incentives. It is therefore, not surprising that the large math
score declines that we find come from a reduction in within-teacher effort. To capture these
within-teacher quality changes, Figure 2(b) shows the change in teacher VA from the year
prior to Mission Possible’s termination (2016-17) to the following year (2017-18) among
teachers at the same school for both years. The figure makes clear that there were large VA
declines for the teachers at the Mission Possible schools, while VA declines at other Guilford

County schools were far more limited. Figure A.2(b) show that these effects are statistically
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significant and grow over two post years. More formally this can be effect can be seen in
Columns (4) of Panel B in Table 3. The within-teacher VA change for teachers in Mission
Possible schools compared to teachers in the rest of the district after the termination of the
was —0.0810.

Panel B reports the point estimates of the decomposition in Columns (3)-(5) of Table 3.
Teacher VA declined by 0.093¢ in Mission Possible relative to non-Mission Possible schools
after the termination of the program, with 0.081c of this decline coming from within-teacher
VA changes and 0.027 coming from changes to teacher composition. (The two components
do not account for the entirety of the VA decline as the estimated compositional changes
exclude some teachers, such as those new to the profession.) Within-teacher VA changes
therefore accounts for nearly the entire VA decline experienced by Mission Possible schools
when the program was terminated. While there is a sorting effort, it does not account for
much because we must take turnover rates into account (see Figure 5 and Figure A.5), which
is only around 15%, and only two post-termination years are in the data, not leaving much

time for sorting.

5 Conclusion

This paper documents the asymmetric effect of the introduction and termination of a payment-
based incentive scheme. We find that student test scores see little change following the
introduction of the program. In contrast, we find sharp decreases in test scores following
the programs termination. This asymmetry occurs despite the program being essentially
unchanged during its ten-year tenure. The vast majority of the decline in test scores fol-
lowing the programs termination are explained by within-teacher changes in performance.
These differential effects appear to arise because teachers who are responsive to incentives,
preferring to work in high-stakes environments, sort into program schools over time. They

then response negatively when the incentive program is ended. These findings suggest a
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penitential role for payment-based incentive scheme for the subset of teacher who prefer a

higher stakes setting.
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Figure 1: Impact of the Adoption and Termination of Mission Possible on Student Test Scores

(a) Around Adoption of Mission Possible Program
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(b) Around Termination of Mission Possible Program
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Notes: These figures show residualized test scores around the introduction of Mission Possible (Figure 1(a)) and the termination
of Mission Possible (Figure 1(b)). For Mission Possible entry, we take the data from each of the three phases of program entry
(in 2006-07, 2007-08, and 2010-11) and stack them and so the x-axis indicates time relative to entry into Mission Possible. Data
include all 3-8 students in North Carolina with valid lagged and contemporaneous math scores. The horizontal line denotes the
number zero while the vertical line indicates either when the school entered (Figure 1(a)) or exited (Figure 1(b)) the Mission
Possible program. Event study versions of these figures with student fixed effects and confidence intervals are shown in Figure
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Figure 2: Mechanisms: Changes in Within-Teacher Quality among Pre-Existing Teachers

(a) Pre-Existing Teachers in Mission Possible Schools around Mission Possible Adoption
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(b) Pre-Existing Teachers in Mission Possible Schools around Mission Possible Termination
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Notes: These figures show mean teacher value-added for pre-existing teachers in a Mission Possible school before and after
MP adoption (Figure 2(a)) or termination (Figure 2(b)). Any teacher who was at an MP school in the year prior to MP
adoption/termination and was in an MP school at least once three years post-MP adoption/termination are included. For
‘Other Guildford County’ and ‘Rest of North Carolina’ pre-existing teachers are defined as those in a district (i.e., Guilford or
any NC district) in the year prior to MP adoption/termination and was in a school in that district at least once three years
post-MP adoption, excluding any teacher attending a MP school during the event window. For Figure 2(a) the data from each of
the three phases of program entry (in 2006-07, 2007-08, and 2010-11) is stacked and so the x-axis indicates time relative to MP
adoption. The horizontal line denotes the number zero while the vertical line indicates either when the school entered (Figure
1(a)) or exited (Figure 1(b)) the Mission Possible program. We note that the panels underlying these figures are unbalanced,;
Figure A.2, however, reports event study versions of these figures with confidence intervals and teacher-by-school fixed effects
so that the same teacher is compared before and after MP adoption/termination at the same school.
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Figure 3: Mechanisms: Teacher Quality of Entering and Departing Teachers Excluding Incentive Responses

(a) Teacher Incentive-Invariant VA of Entering minus Exiting Teachers around MP Adoption
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(b) Teacher Incentive-Invariant VA of Entering minus Exiting Teachers around MP Termination
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Notes: These figures show teacher VA among teachers entering and leaving a school both around the adoption (Figure 3(a)) and
termination (Figure 3(b)) of Mission Possible. Note that the VA change for a school is calculated only among those teachers
entering or leaving the school and therefore does not represent the school-level teacher VA (since most teachers remain at a
school in a given year). Teacher VA is calculated using only years preceding Mission Possible and also excludes any observations
where a teacher taught in any Mission Possible school. These restrictions ensure that teacher VA excludes any incentive response
by teachers to the Mission Possible program. The entering and exiting teacher VA is calculated using equations (8) and (9),
respectively. The change in teacher VA i is then given as the (enrollment-weighted) change in VA from entering and exiting
teachers. We take the data from each of the three phases of program entry (in 2006-07, 2007-08, and 2010-11) and stack them
and so the x-axis indicates time relative to entry into Mission Possible. The horizontal line denotes the number zero while
the vertical line indicates either when the school entered (Figure 3(a))) or exited (Figure 3(b)) the Mission Possible program.
Figures are weighted by school enrollment. Event study versions of these figures with school fixed effects and confidence intervals
are shown in Figure A.3.
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Figure 4: Mechanisms: Change in Within-Teacher Quality among Teachers that Enter a Mission Possible
School (while Mission Possible was in operation at that school)

(a) Difference-in-Differences Point Estimate: 0.061* (0.036)
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Notes: This figure conducts an event study around a teacher’s entry into a Mission Possible school. The sample includes any
teacher who entered a Mission Possible school while Mission Possible was in operation at that school who we observe in a
non-MP school once in the prior three years. For ‘Other Guildford County’ and ‘Rest of North Carolina’ the sample covers any
teacher new to the district who we observe in a different district once in the prior three years, excluding any teacher attending a
MP school during the event window. Teacher VA in the year prior to entering the new school (i.e., event year ‘-1’) is normalized
to zero. The horizontal line denotes the number zero while the vertical line indicates when the teacher entered the new school.
We note that the panels underlying these figures are unbalanced. We therefore also report the difference-in-differences estimate
that captures the change in teacher value-added after the teacher enters a Mission Possible school, including teacher fixed effects
so that the same teacher is compared before and after they enter the Mission Possible school. Teachers entering other Guilford
County schools are used as the ‘control’ group in the difference-in-differences regression. A total of 871 teacher-year observations
(covering 200 teachers) are used in the difference-in-differences regression. Standard errors clustered at school level are shown
in brackets. *** ** and * denote significance at the 1%, 5% and 10% levels, respectively. Event study versions of these figures
with confidence intervals and teacher fixed effects are shown in Figure A.4.
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Figure 5: Teacher Turnover Rates

(a) Teachers Leaving at Year End around MP Adoption (b) Teachers Leaving at Year End around MP Termination
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Notes: These figures show teacher turnover rates both around the adoption (Figure 5(a) and Figure 5(c)) and termination
(Figure 5(b) and Figure 5(d)) of Mission Possible. In Figure 5(a) and 5(b), the y-axis variable is calculated as the fraction of
teachers in a school in the current year who are no longer present at that school the following year. In Figure 5(c) and 5(d),
the y-axis variable is calculated as the fraction of teachers in a school in the current year who are new to the school — that is,
who were not observed in the school the previous year. We do not observe the fraction of teachers who depart each school after
the 2018-19 academic year because our data end in that year. We take the data from each of the three phases of program entry
(in 2006-07, 2007-08, and 2010-11) and stack them and so the x-axis indicates time relative to entry into Mission Possible. The
vertical line indicates either when the school entered (Figure 5(a) and Figure 5(c)) or exited (Figure 5(b) and Figure 5(d)) the
Mission Possible program. Event study versions of these figures with school fixed effects and confidence intervals are shown in
Figure A.5.
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Table 1: Summary Statistics

All of VA Mission Possible Guilford County
North Carolina®  Sample? Schools (Excl. Mission Possible)
1 ) 3) (4)
Mean of Student Characteristics
Mathematics Score (o) 0.00 -0.02 -0.31 0.25
Reading Score (o) 0.00 -0.03 -0.34 0.21
Lagged Mathematics Score (o)? 0.01 -0.04 -0.28 0.26
Lagged Reading Score (o) 0.01 -0.03 -0.33 0.22
% White 53.4 54.5 20.5 54.1
% Black 26.9 27.0 55.0 28.4
% Hispanic 12.2 11.7 13.9 7.5
% Asian 2.6 2.1 5.8 5.1
% Economically Disadvantaged 48.7 50.5 67.3 36.0
% English Learners 5.3 4.7 8.6 4.3
% with Disability 10.5 10.4 12.7 11.3
% Gifted 15.3 13.3 16.1 31.8
4 of Schools 2,385 2,261 39 53
# of Teachers® 59,761 59,761 1,650 1,900
# of Students 2,715,705 2,530,394 82,182 91,076
Observations 10,045,947 7,265,433 224,438 251,008

(student-year)

! Data coverage: grades 4-8 from 2002-03 through 2018-19, grade 3 from 2002-03 to 2004-05 and 2006-07 to 2008-09. Data
only includes students from cohorts that can be used to calculate teacher value-added (e.g., does not include third grade
students after 2009 due to the lack of a lagged test score).

2 Same as full sample, but restricted to grades 3-5 only for school years 2002-03 to 2005-06 due to an inability to create
teacher-student matches in those grade-years. Also only includes students with non-missing current and lagged mathematics
scores and in a class with more than 5 students.

3 Only includes teachers matched to students. Also covers all teachers in those schools from 2002-03 through 2018-19 (e.g.,
includes teachers in Mission Possible schools before Mission Possible was implemented).
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Table 2: Impact of Introduction and Termination of Mission Possible on Student Test Scores

FEvent Window: 8 Years Pre and Post | Event Window: 5 Years Pre and Post
Outcome: Math Scores (1) (2) (3) (4) (5) (6)

A. Introduction of Mission Possible Program

Mission Possible Adopted 0.026 0.029 0.028 0.044**  0.049** 0.039*
(0.023)  (0.024) (0.021) (0.020)  (0.021) (0.021)
Observations 350,658 350,658 419,491 562,391 562,391 673,478

B. Termination of Mission Possible Program (only 2 post years)

Mission Possible Terminated -0.072*** -0.076*** -0.084*+* -0.081*F**  -0.091*** -0.085%**

(0.020) (0.020) (0.034) (0.021) (0.021) (0.033)
Controls
Lagged Test Scores Yes Yes - Yes Yes -
Demographics No Yes - No Yes -
Student FEs No No Yes No No Yes
Observations 121,000 121,000 155,492 169,947 169,947 217,305

Notes: This table reports point estimates of the impact of Mission Possible on student performance when Mission Possible was
adopted at a school (Panel A) and when Mission Possible was terminated (Panel B). For Panel A, we take the data from each of
the three phases of program entry (in 2006-07, 2007-08, and 2010-11) and stack them as defined by equation (2). The event window
around the event is defined as three years before and after adoption/termination in columns (1)-(3), while columns (4)-(6) define
the event window as five years before and after adoption/termination. Note that only 2 years of post event data are available for
Panel B. The outcome variable is standardized math scores. ‘Lagged test scores’ include cubics in lagged math and English scores,
while ‘demographics’ include gender, ethnicity, socioeconomic status, limited English proficiency, disability status, and gifted status.
Student fixed effects are used in lieu of lagged test scores or demographic controls in columns (3) and (6). All regressions include
grade-by-year fixed effects. Panel A also includes entry phase and event time fixed effects. Standard errors are clustered at school
level. *** ** and * denote significance at the 1%, 5% and 10% levels, respectively.
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Table 3: Impact of Introduction and Termination of Mission Possible on Student Test Scores and Teachers

Student-Level Teacher-Level School-Level

All Value-Added | Teacher Within-Teacher VA Changes from
Students Sample Value-Added VA Changes Teacher Entry and Exit

(1) (2) 3) (4) (5)

A. Introduction of Mission Possible Program

Mission Possible Adopted 0.028 0.027 0.035 0.005 0.077
(0.021) (0.025) (0.030) (0.026) (0.059)
Observations 419,491 192,647 7,537 3,200 787

B. Termination of Mission Possible Program

Mission Possible Terminated -0.084***  -(0.085%* -0.093%** -0.081#** -0.027
(0.034)  (0.044) (0.024) (0.030) (0.019)

Fixed Effects Student Student School Teacher-by-School School

Observations 155,492 103,230 2,415 1,247 475

Notes: This table show the impact of the adoption and termination of Mission Possible on students (columns (1) and (2)) and then
tries to decompose this effect into the impact operating through teachers’ effort (column (4)) and teacher sorting (column (5)). Column
(1) simply restates the estimates from column (3) of Table 2. Column (2) then restricts the data to students we match to teachers
so that it is a comparable sample to the teacher-level sample in columns (3) and (4). Column (3) then conducts the same regression
as in column (2), but with the data collapsed to the teacher-level and the outcome being redefined as teacher value-added. Column
(4) then investigates within-teacher changes by running a similar difference-in-differences, but using teacher-by-school fixed effects to
compare teachers at the same school around the adoption of MP as described by equation (6) (Panel A) or around the termination of
MP as described by equation (7) (Panel B). Column (5) then estimates compositional changes in the teaching workforce by collapsing
the data down to the school-level and capturing the change in teacher value-added coming from teacher exit and entry by subtracting
off the value-added of entering teachers (given by equation (8)) from the value-added of exiting teachers (given by equation (9)). Note
that teachers who do not enter or exit the school are not included in the VA change calculation in column (5); since roughly 30% of
teachers in MP schools attrit in a given year the impact of VA changes from teacher entry and exit on student-level outcomes is about
one-third the point estimates. Standard errors are clustered at school level. *** ** and * denote significance at the 1%, 5% and 10%
levels, respectively.
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Figure A.1: Event Study: Impact of the Adoption and Termination of Mission Possible on Student Test
Scores
(a) Event Study on Mission Possible Adoption
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(b) Event Study on Mission Possible Termination
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Notes: These figures plot the event study coefficients around the adoption and termination of the Mission Possible program when other
Guildford County schools are used as the control group. Effectively, they take the difference between the ‘Mission Possible Schools’ and
‘Other Guildford County’ lines in Figure 1, normalizing the point estimate at event year ‘-1’ to zero. (‘Effectively’ as they also include
student fixed effects.) Formally, Figure A.1(a) displays the coefficients from equation (1) around the adoption of the Mission Possible
program. Figure A.1(b) then shows the coefficients from equation (3) around the termination of Mission Possible after 2016-17. The
horizontal line denotes a point estimate of zero while the vertical line delineates the pre- and post-period. The whiskers represent 95
percent confidence intervals with standard errors clustered at the school level.
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Figure A.2: Event Study: Change in Within-Teacher Quality

(a) Event Study on Teachers in Mission Possible Schools around Mission Possible Adoption
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(b) Event Study on Teachers in Mission Possible Schools around Mission Possible Termination
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Notes: These figures plot the event study coefficients for within-teacher quality changes around the adoption and termination of the
Mission Possible program when other Guildford County schools are used as the control group. Effectively, they take the difference
between the ‘Mission Possible Schools’ and ‘Other Guildford County’ lines in Figure 2, normalizing the point estimate at event year
-1’ to zero. (‘Effectively’ as they also include teacher-by-school fixed effects.) Teacher-by-school fixed effects are included so that
the same teacher is compared before and after MP adoption/termination at the same school. Formally, Figure A.2(a) displays the
coefficients from an event study version of equation (6) around the adoption of the Mission Possible program. Figure A.2(b) then shows
the coefficients from an event study version of equation (7) around the termination of Mission Possible after 2016-17. The horizontal
line denotes a point estimate of zero while the vertical line delineates the pre- and post-period. The whiskers represent 95 percent
confidence intervals with standard errors clustered at the school level.
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Figure A.3: Event Study: Teacher Quality of Entering and Departing Teachers Excluding Incentive Re-
sponses

(a) Event Study on Teacher Incentive-Invariant VA of Entering minus Exiting Teachers: MP Adoption
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(b) Event Study on Teacher Incentive-Invariant VA of Entering minus Exiting Teachers: MP Termination

—~ 0O
N

r VA
0

0.05 0.10 0.15
|

-0.10 -0.05

014-15 2015-16 2016-17 2017-18 2018-19
School Year

Notes: These figures plot the event study coefficients for incentive-invariant teacher quality changes for teachers who enter and depart
a school. Effectively, they take the difference between the ‘Mission Possible Schools’ and ‘Other Guildford County’ lines in Figure 3,
normalizing the point estimate at event year ‘-1’ to zero. (‘Effectively’ as they also include school fixed effects.) Formally, Figure
A.3(a) displays the coefficients from equation (10) around the adoption of the Mission Possible program. Figure A.3(b) then shows
the coefficients from a similar equation (i.e., equation (7) without the ‘5’ subscripts) around the termination of Mission Possible after
2016-17. The horizontal line denotes a point estimate of zero while the vertical line delineates the pre- and post-period. The whiskers
represent 90 percent confidence intervals with standard errors clustered at the school level.
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Figure A.4: Mechanisms: Change in Within-Teacher Quality among Teachers that Enter a Mission Possible
School (while Mission Possible was in operation at that school)
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Notes: This figure plot the event study coefficients for teachers around their entry into a new school. In particular, it compares
teachers that enter a MP school (while MP was in operation) to those who enter a non-MP Guilford County school from another
district. Effectively, this figure takes the difference between the ‘Mission Possible Schools’ and ‘Other Guildford County’ lines
in Figure 4, normalizing the point estimate at event year ‘-1’ to zero. (‘Effectively’ as this figure also includes teacher fixed
effects.) Teacher fixed effects are included so that the same teacher is compared before and after they enter a new school.
The horizontal line denotes a point estimate of zero while the vertical line delineates the pre- and post-period. The whiskers
represent 90 percent confidence intervals with standard errors clustered at the school level.
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Figure A.5: Event Study: Teacher Turnover Rates

(a) Teachers Leaving at Year End around MP Adoption
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Notes: These figures plot the event study coefficients around the adoption and termination of the Mission Possible program
when other Guildford County schools are used as the control group. Effectively, they take the difference between the ‘Mission
Possible Schools’ and ‘Other Guildford County’ lines in Figure 5, normalizing the point estimate at event year ‘-1’ to zero.
(‘Effectively’ as they also include school fixed effects.) Formally, Figure A.5(a) and Figure A.5(b) display the coefficients from
equation (1) around the adoption and termination of the Mission Possible program, respectively, when the dependent variable
is the fraction of teachers who depart their school at the end of the current year. Figure A.5(c) and Figure A.5(d) display the
coefficients from equation (1) around the adoption and termination of the Mission Possible program, respectively, when the
dependent variable is the fraction of teachers who are new to the school in the current year. The horizontal line denotes a
point estimate of zero while the vertical line delineates the pre- and post-period. The whiskers represent 95 percent confidence

intervals with standard errors clustered at the school level.
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Table A.1: Event Study Summary Statistics

MP Entry Event Study Sample! MP Exit Event Study Sample?
All of North Mission Possible Guilford County All of North Mission Possible Guilford County
Carolina Schools (Excl. MP) Carolina Schools (Excl. MP)

(1) () 3) (4) () (6)
Mean of Student Characteristics
Mathematics Score (o) 0.02 -0.26 0.32 0.02 -0.37 0.16
Reading Score (o) 0.02 -0.28 0.26 0.00 -0.38 0.15
Lagged Mathematics Score (o)? 0.02 -0.25 0.31 -0.02 -0.39 0.14
Lagged Reading Score ()2 0.02 -0.28 0.25 -0.02 -0.43 0.13
% White 56.4 23.5 58.5 48.8 15.3 46.9
% Black 27.8 57.0 27.2 25.4 52.3 31.5
% Hispanic 8.7 9.5 5.2 17.3 21.5 11.0
% Asian 2.1 5.3 4.3 3.1 6.3 5.5
% Economically Disadvantaged 46.9 65.3 30.7 49.2 62.6 40.5
% English Learners 4.2 6.3 2.9 4.8 8.4 3.5
% with Disability 6.8 7.8 7.3 13.1 17.2 13.9
% Gifted 15.5 16.5 32.6 15.5 16.6 33.7
# of Schools 2,225 39 53 2,127 39 56
# of Teachers? 43,924 1,304 1,475 24,798 608 624
# of Students 1,720,274 51,674 56188 1,060,991 27,490 31,362
Observations 9,860,913 222,393 243,358 2,672,597 56,784 64,216

(student-year)

1 Covers 3 years before and 3 years after the MP school entry for each of the three entry phases; the three entry events are then stacked. First
event covers grades 3-8 from 2002-03 through 2007-08 (excluding 37 grade in 2005-06), second event covers grades 3-8 from 2003-04 through
2008-09 (excluding 3rd grade in 2005-06), and the third event covers grades 4-8 from 2007-08 through 2012-13. Data only includes students from
cohorts that can be used to calculate teacher value-added (e.g., does not include third grade students after 2009 due to the lack of a lagged test
score).

2 Covers 3 years before and 2 years after the termination of Mission Possible at the end of 2016-17. Data therefore cover grades 4-8 from 2014-15
through 2018-19.

3 Only includes teachers matched to students.
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Table A.2: Tmpact of Introduction and Termination of Mission Possible on Students’ English Test Scores

FEvent Window: 8 Years Pre and Post | Event Window: 5 Years Pre and Post
Outcome: English Scores (1) (2) (3) (4) (5) (6)

A. Introduction of Mission Possible Program

Mission Possible Adopted -0.015  -0.014 0.003 -0.009  -0.004 0.005
(0.013) (0.013) (0.010) (0.012) (0.012) (0.009)
Observations 348,370 348,370 416,971 558,460 558,460 669,020

B. Termination of Mission Possible Program (only 2 post years)

Mission Possible Terminated -0.009  -0.010 0.018 -0.001  -0.007 0.020
(0.012)  (0.011) (0.016) (0.011)  (0.010) (0.015)

Controls

Lagged Test Scores Yes Yes - Yes Yes -

Demographics No Yes - No Yes -

Student FEs No No Yes No No Yes

Observations 124,971 124,971 159,713 173,362 173,362 221,044

Notes: This table reports point estimates of the impact of Mission Possible on student performance when Mission Possible was
adopted at a school (Panel A) and when Mission Possible was terminated (Panel B). For Panel A, we take the data from each of
the three phases of program entry (in 2006-07, 2007-08, and 2010-11) and stack them as defined by equation (2). The event window
around the event is defined as three years before and after adoption/termination in columns (1)-(3), while columns (4)-(6) define
the event window as five years before and after adoption/termination. Note that only 2 years of post event data are available for
Panel B. The outcome variable is standardized math scores. ‘Lagged test scores’ include cubics in lagged math and English scores,
while ‘demographics’ include gender, ethnicity, socioeconomic status, limited English proficiency, disability status, and gifted status.
Student fixed effects are used in lieu of lagged test scores or demographic controls in columns (3) and (6). All regressions include
grade-by-year fixed effects. Panel A also includes entry phase and event time fixed effects. Standard errors are clustered at school
level. *** ** and * denote significance at the 1%, 5% and 10% levels, respectively.
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Table A.3: Impact of Introduction and Termination of Mission Possible on Student Test Scores: non-Mission
Possible Schools are Rest of North Carolina

FEvent Window: 8 Years Pre and Post | Event Window: 5 Years Pre and Post
Outcome: Math Scores (1) (2) (3) (4) (5) (6)

A. Introduction of Mission Possible Program

Mission Possible Adopted 0.061%*%*  0.054*** - 0.057**%*  (0.049*** -
(0.019)  (0.019) (0.017) (0.015)  (0.016) (0.022)

Observations 9,502,462 9,502,462 9,502,462 15,174,862 562,391 562,391

B. Termination of Mission Possible Program (only 2 post years)

Mission Possible Terminated -0.103*** -0.098%** -0.093*** -0.105%*F*%  -0.106%** -0.094***
(0.016) (0.016) (0.019) (0.016) (0.016) (0.019)

Controls

Lagged Test Scores Yes Yes - Yes Yes -

Demographics No Yes - No Yes -

Student FEs No No Yes No No Yes

Observations 2,608,381 2,608,381 3,019,920 3,632,875 3,632,875 4,289,249

Notes: This table reports point estimates of the impact of Mission Possible on student performance when Mission Possible was
adopted at a school (Panel A) and when Mission Possible was terminated (Panel B) when rest of North Carolina is used as the
control group (rather than Guilford County as done in Table 2). For Panel A, we take the data from each of the three phases of
program entry (in 2006-07, 2007-08, and 2010-11) and stack them as defined by equation (2). The event window around the event is
defined as three years before and after adoption/termination in columns (1)-(3), while columns (4)-(6) define the event window as
five years before and after adoption/termination. Note that only 2 years of post event data are available for Panel B. The outcome
variable is standardized math scores. ‘Lagged test scores’ include cubics in lagged math and English scores, while ‘demographics’
include gender, ethnicity, socioeconomic status, limited English proficiency, disability status, and gifted status. Student fixed effects
are used in lieu of lagged test scores or demographic controls in columns (3) and (6). All regressions include grade-by-year fixed
effects. Panel A also includes entry phase and event time fixed effects. Standard errors are clustered at school level. *** ** and *
denote significance at the 1%, 5% and 10% levels, respectively.
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Table A.4: Impact of Introduction and Termination of Mission Possible on Student Test Scores and Teachers:
non-Mission Possible Schools are Rest of North Carolina

Student-Level Teacher-Level School-Level

All Value-Added | Teacher Within-Teacher VA Changes from
Students Sample Value-Added VA Changes Teacher Entry and Exit

(1) (2) 3) (4) (5)

A. Introduction of Mission Possible Program

Mission Possible Adopted 0.051%*** - 0.040%* 0.048** 0.061
(0.017)  (0.023) (0.024) (0.024) (0.052)
Observations 9,502,462 5,395,516 206,257 91,389 22,673

B. Termination of Mission Possible Program

Mission Possible Terminated -0.093***  _0.100*** -0.081%** -0.077F** -0.029**

(0.019)  (0.024) (0.017) (0.017) (0.015)
Fixed Effects Student Student School Teacher-by-School School
Observations 3,019,920 1,641,170 50,722 30,926 11,025

Notes: Table is identical to Table 3, but defines the control group as schools in the rest of North Carolina (i.e., not part of Guilford
Country Schools) rather than non-Mission Possible schools in Guilford County. Column (1) simply restates the estimates from column
(3) of Table A.3. Column (2) then restricts the data to students we match to teachers so that it is a comparable sample to the teacher-
level sample in columns (3) and (4). Column (3) then conducts the same regression as in column (2), but with the data collapsed to the
teacher-level and the outcome being redefined as teacher value-added. Column (4) then investigates within-teacher changes by running
a similar difference-in-differences, but using teacher-by-school fixed effects to compare teachers at the same school around the adoption
of MP as described by equation (6) (Panel A) or around the termination of MP as described by equation (7) (Panel B). Column (5) then
estimates compositional changes in the teaching workforce by collapsing the data down to the school-level and capturing the change
in teacher value-added coming from teacher exit and entry by subtracting off the value-added of entering teachers (given by equation
(8)) from the value-added of exiting teachers (given by equation (9)). Note that teachers who do not enter or exit the school are not
included in the VA change calculation in column (5); since roughly 30% of teachers in MP schools attrit in a given year the impact of
VA changes from teacher entry and exit on student-level outcomes is about one-third the point estimates. Standard errors are clustered
at school level. *** ** and * denote significance at the 1%, 5% and 10% levels, respectively.
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