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Foreword and
Executive Summary

By Amber M. Northern and Michael J. Petrilli

Study after study has found that urban charter schools, and non-profit
charter networks in particular, tend to be more successful at boosting student
achievement than traditional public schools in similar settings. But why?

In recent years, the Thomas B. Fordham Institute has published several studies that provide
partial answers to this question.
, by American University's Seth Gershenson, found that Black students

in North Carolina charters are about 50 percent more likely to have a Black teacher than
their traditional public school counterparts—which may help to explain why Tar Heel State
charters are more effective at boosting the achievement of Black students. Similarly,

, by Fordham's David Griffith, found
that teachers in traditional public schools were almost three times as likely to be chronically
absent as those teachers in charter schools.

Yet one riddle continues to perplex: We know from copious research that new teachers
tend to be less effective than educators with . But despite having a higher
proportion of junior staff, urban charter networks often outperform their district peers.

So are charter school teachers just higher performing to begin with? Or are charter schools
and/or charter management organizations (CMOs) particularly effective at helping new
teachers improve faster?

Although there are plenty of well-known differences between charter and traditional public
schools, very little is known about how teachers in charters improve over time—a gap that
seems well worth filling, since schools of all types should be able to learn from one another
when it comes to teacher recruitment, development, and retention.

Toward that end, we invited George Mason University associate professor Matthew
Steinberg and University of Pennsylvania doctoral student Haisheng Yang to dig into how
teacher effectiveness varies and evolves across traditional and charter public schools, as well
as within the charter sector. Dr. Steinberg has published a number of studies on teacher
quality and effectiveness, finance reform, and school discipline, including Fordham's first


https://fordhaminstitute.org/national/research/student-teacher-race-match-charter-and-traditional-public-schools
https://fordhaminstitute.org/national/research/student-teacher-race-match-charter-and-traditional-public-schools
https://fordhaminstitute.org/national/research/teacher-absenteeism-charter-and-traditional-public-schools
https://fordhaminstitute.org/national/research/teacher-absenteeism-charter-and-traditional-public-schools
https://learningpolicyinstitute.org/product/does-teaching-experience-increase-teacher-effectiveness-review-research

Teacher Effectiveness and Improvement in Charter and Traditional Public Schools | Foreword and Executive Summary

on discipline policy. He and Yang have also collaborated to examine principal mobility
and professional development in Pennsylvania.

In this study, they use data on teachers who worked in Pennsylvania’s charter and
traditional public schools between 2007-08 and 2016—-17 to investigate teacher effectiveness,
improvement, and mobility across and between sectors. Pennsylvania is an ideal setting for
such an investigation because the growth of its charter sector mirrors national trends, and
because it has a healthy supply of both CMO and stand-alone charter schools." Accordingly,
Messrs. Steinberg and Yang examine academic outcomes for math and English language
arts (ELA) for all students in grades three through eight, including those enrolled in both
types of charter schools.

Readers are strongly encouraged to read the full report, which is thought-provoking,
concise, and full of interesting statistics and figures. But for now, here’'s a summary of the
key findings.

1. On average, teachers in Pennsylvania charter schools are more effective in English
language arts but less effective in math than teachers in traditional public schools.
However, teachers in CMO-run schools are more effective in both subjects.

2. Like teachers elsewhere, teachers in Pennsylvania become more effective as they gain
experience, but teachers in the state’s CMO-run schools improve more quickly than
teachers in its traditional public schools or standalone charters.

3. Pennsylvania charter schools struggle with teacher retention, but CMOs retain and
promote more effective teachers into leadership roles.

According to Steinberg and Yang, these findings suggest that Pennsylvania’s CMOs are
succeeding with “a fundamentally different approach to human capital” than the state's
traditional public schools. But how exactly are they managing that?

In our view, this study offers evidence for two potential drivers. First, the second and third
findings suggest that CMOs are better at systematically identifying and promoting their
most effective teachers to instructional leadership positions (e.g., literacy coach or master
teacher) where they can help other teachers improve—and by extension, help more
students.

Second, the data indicate that CMOs are more likely to part ways with their least effective
teachers. In fact, over 30 percent of CMO teachers exit their schools annually—voluntarily
or involuntarily. Yes, that's a lot of turnover, and some of it is surely due to tough working
conditions (including high expectations for teachers) and low pay (due to the substantial
gaps in per-pupil funding between the sectors). Still, insofar as it's attributable to the exit of
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ineffective teachers, higher turnover is a feature rather than a bug. And insofar as teachers
who don’t improve are more likely to leave, higher turnover might also explain why teachers
who stay in CMO-run schools improve so quickly.

Of course, it's also possible that CMOs are doing a better job of recruiting smart and highly
motivated teachers who are likely to improve more quickly. For example, one

published by The New Teacher Project (now TNTP) urges schools to
“define the Ideal Teacher...based on what type of teacher has been successful in your
school” and to use the hiring process to set expectations by “communicat[ing] what is
exciting and challenging about working at your school so that candidates are prepared
for the school’s culture and unsuitable candidates self-select out of the process.” Perhaps
CMOs do a better job of following this advice.

In addition to these explanations, there are other possibilities (though, without data, we

can only speculate). For example, finds that CMO principals are more likely
than their district peers to (1) report that their schools define and enforce a comprehensive
set of behavioral standards, and (2) require parents or students to sign an agreement
acknowledging their responsibilities. So perhaps these common, schoolwide expectations
around behavior help new teachers learn to manage their classrooms more quickly, allowing
them to focus on their craft.

Or perhaps CMOs' practice of deploying a common curriculum makes it easier for their new
teachers to improve. As our colleague Robert Pondiscio has , a schoolwide curriculum
fundamentally changes the nature of a teacher’s job, especially if he or she is new to it.
Rather than spending countless hours fumbling in the dark—or at least on the Internet—for
instructional materials, she can spend that time studying lesson plans, building relationships
with families, and offering feedback on student work. “Expecting teachers to be expert
pedagogues and instructional designers,” explains Pondiscio, "is one of the ways in which
we push the job far beyond the abilities of mere mortals.”

khkkkkkkkkkhkkkk

Each year, American schools hire approximately 200,000 new teachers. And because turnover
rates have increased, 38 percent of K12 teachers in the U.S. now have

. These numbers surely make the case for doing more to retain great teachers,
but they also show just how important it is that we help new teachers get better faster. As it
turns out, accelerating teacher improvement is yet another area where all schools could take
a page from the success of our nation’s most effective charter school networks.
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Introduction

Teachers are the most important school-specific determinant of student
achievement, socioemotional development, and later-life outcomes.?

As teachers accumulate more experience in the profession, they tend to become more
effective at improving these outcomes.? Yet teacher experience isn't uniformly distributed
across American public schools. For example, teachers in the charter school sector have
significantly less experience, on average, than those in traditional (i.e. district-operated)
public schools,* meaning that students in many communities are exposed to teachers with
different levels of experience depending on the school sector in which they are enrolled.

This much is known. What's not known—and what this study addresses—is whether teachers
improve in the same ways and at the same rate as they gain experience in the schools of

the two sectors. Enough is different about the school operations, funding levels, leadership,
staffing arrangements, and teacher qualifications of charter and traditional public schools
that it's important to focus on whether and how the effectiveness and improvement of their
teachers may also differ. And because those qualities may also develop differently if teachers
change schools (or careers), it's also important to look at teacher mobility across the two
sectors.

This study examines the following questions:

1. How does teacher effectiveness vary across traditional and charter public schools?
Within the charter sector, does teacher effectiveness differ by type of school
(i.e. standalone versus networked)?

2. Is the trajectory of teacher effectiveness different in traditional public schools,
standalone charter schools, and charter networks? (For example, do teachers improve
more or less quickly in charter schools?)

3. How does teacher mobility vary across traditional and charter public schools? Are
mobile teachers more (or less) effective than nonmobile teachers?
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To address these questions, we use data from the Pennsylvania Department of Education
(PDE) to compare the effectiveness, improvement, and mobility of teachers in traditional
public schools and charters. We then refine our comparisons by distinguishing between
two charter school types, charter management organizations (CMOs), which operate

and manage multiple charter schools, and standalone charter schools. Although prior
studies have examined whether school settings, including the poverty level and academic
achievement of a school’s students, are related to teacher effectiveness, ours is among the
first to examine how teacher effectiveness and improvement differ between charter and
traditional public schools, as well as within the charter sector.



Background

Like other studies, this one uses estimates of teachers’ value-added—that is,
their contribution to students’ English language arts (ELA) and math achievement growth—
as a proxy for their effectiveness. Although such estimates cannot capture other valuable
aspects of teaching practice and behaviors,® research shows that (in addition to learning
more math and English language arts) students assigned to teachers with higher value-
added scores are more likely to go to college and earn higher salaries later in life.®

Prior research also suggests that teacher effectiveness improves rapidly during the early part
of a teacher’s career, up to approximately ten years of experience.” Yet this improvement is
not uniform across teachers and schools. For example, Kraft and Papay show that variation

in the returns to teaching experience across schools is explained, in part, by differences

in schools’ professional environments, while Sass et al. show that both the average
effectiveness of and returns to experience for elementary school teachers are greater in

the lowest-poverty schools in Florida and North Carolina than for teachers in the highest-
poverty schools. Finally, Jackson and Bruegmann show that the effectiveness of North
Carolina teachers in grades 3—5 improved more quickly—especially in their first years on the
job—when their grade-level peers had at least four years of teaching experience.®

All of this suggests that, for any number of reasons, teachers in charter and traditional public
schools could improve at different rates. After all, charter schools enroll a higher proportion
of poor and minority students, and their teachers are, on average, younger, less experienced,
less likely to hold advanced degrees, and less likely to be state certified than traditional
public school (TPS) teachers.” Moreover, at least one study has found that few teacher
candidates give equal weight to charter and traditional public schools when considering
their initial teaching placements, suggesting that the two sectors attract different types of
candidates.® And it's well known that teacher attrition rates are higher in charter schools."
For example, one Florida study found that charter school teachers were 18 percent more
mobile than those working in district schools, even after controlling for school- and teacher-
level characteristics.”” And a more recent Massachusetts study found that charter teachers

in the lowest and highest quintiles of effectiveness were more mobile than their district
counterparts.®
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Evidence on the relative effectiveness of teachers in charter and traditional public schools is
mixed. For example, Cowen and Winters found that Florida teachers in charter elementary
schools were less effective than TPS teachers, and Carruthers found that North Carolina
teachers who move from traditional public schools to charters were less qualified and less
effective than other mobile teachers.” However, a more recent working paper by Ozek et

al. finds that charter school teachers in high-poverty Florida schools were more effective

at raising student math achievement than their district counterparts in schools with similar
levels of student poverty.” Finally, another recent paper by Cohodes et al. finds that teachers
in Boston charter schools—like Boston charter schools themselves—are more effective in
raising student achievement than their TPS counterparts in both ELA and math (though
there is no difference in the rate at which charter and TPS teachers improve).”



Methodology

Data

Data on teachers and students who worked or enrolled in Pennsylvania’s charter and
traditional public schools between 2007-08 and 2016-17 come from the Pennsylvania
Department of Education (PDE). For teachers, these data include information on individuals
demographic characteristics (including gender, race, and age), educational attainment and

I

salary, and years of educational experience (in Pennsylvania public education). For students,
the data include information on gender, race, age, free or reduced-price lunch (FRL) receipt,
English language learner (ELL) status, special education (SPED) status (i.e., students with

an individualized education plan), and gifted status. Because each teacher and student

has a unique identifier, individual teachers and students can be linked for the purposes of
constructing a measure of teacher effectiveness.

We observe student achievement outcomes—both scaled scores and proficiency levels
for math and ELA—for all students in grades 3—-8. For all analyses of student achievement
and teacher effectiveness, we rely on math and ELA test scores from the Pennsylvania
System of School Assessment (PSSA) for students in grades 3-8, which we standardize at
the subject*grade*year level. From the student-level data, we also construct classroom-
and school-level aggregates of student-level information, which include total enrollment,
average age, and the proportions of students who were White, African American, Latino,
Asian, FRL recipients, SPED, ELL, and gifted, as well as the proportion of students tested
on the math and ELA portions of the state's end-of-year exams who were academically
proficient.

Finally, we incorporate data from the U.S. Department of Education’s Common Core of
Data (CCD) to define two types of charter schools: (i) CMOs and (ii) standalone charter
schools. CMOs are nonprofit organizations that operate multiple charter schools and often
provide back-office functions or other forms of support to individual schools. Standalone
charter schools operate independently, meaning they are not part of a larger management
organization.
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Sample

Our analytic sample includes grade 4-8 teachers who taught in just one school in a given
school year. However, we exclude teachers who taught in virtual charter schools. We also
drop any teachers for whom years of educational experience (in Pennsylvania public
education) is listed as zero, and we code years of experience at a maximum of forty years. We
further drop any teacher whose annual salary is less than $18,500 or greater than $200,000.”
Finally, we retain only those teachers for whom a value-added measure (VAM) in math and/
or ELA could be calculated.

Taking these steps leaves us with 142,752 teacher-year observations that are nested within
41,770 unique teachers and 2,493 public schools, including 2,341 traditional public schools
(with 38,767 TPS teachers) and 152 charter schools (with 3,311 charter school teachers). See
Appendix Table C1 for more detail on the teacher- and school-level characteristics of TPS and
charter teachers in our analytic sample.

Measuring teacher effectiveness

Using student-teacher course links provided by the PDE, we construct a measure of fourth-
through eighth-grade teachers’ contributions to student achievement in math and ELA—
that is, their test-based value-added. For each teacher-by-year observation, we calculate

the average year-to-year change in student achievement for all tested students, controlling
for characteristics that might be related to a teacher’s effectiveness, including student
demographics (age, race, and gender), grade level, FRL status, SPED status, ELL status,
gifted status, and—importantly—baseline achievement (that is, achievement in the prior
school year). In addition to controlling for these characteristics at the individual level, we also
control for them at the classroom level (which allows us to control for peer effects), as well as
at the school level.

We are able to estimate the value-added of teachers in grades 6-8 for all years (i.e., for
2008-09 through 2016-17). For grade 4-5 teachers, value-added can be calculated for the
2013-14 through 2016-17 school years. For more details, see Appendix A, which describes the
statistical model for estimating teacher-level value-added scores in both math and ELA.
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Addressing the research questions

Each question requires different methods to address (see Appendix B for more details).

Q1: How does teacher effectiveness vary across traditional and charter public
schools? Within the charter sector, does teacher effectiveness differ by type of
school (i.e. standalone versus networked)?

To address Q1, we first compare the average value-added of teachers in charter and
traditional public schools in ELA and math. We further compare the effectiveness of charter
and TPS teachers in schools with similar student populations based on (i) the share of a
school’s students receiving FRL; (ii) the share of a school’s students who are racial/ethnic
minorities; and (iii) the proportion of a school’s students who are academically proficient.
We then repeat each of these comparisons for teachers in CMOs and standalone charter
schools, relative to the effectiveness of TPS teachers.

Q2: Is the trajectory of teacher effectiveness different in traditional public
schools, standalone charter schools, and charter networks? (For example, do
teachers improve more or less quickly in charter schools?)

To address Q2, we estimate regressions that include grade-by-year fixed effects, thus
restricting our comparisons to teachers in the same year and grade. We also include teacher
and school fixed effects, thus controlling for any time-invariant differences between
teachers (such as ability and motivation), as well as schools (such as the nonrandom sorting
of teachers and students). Finally, our preferred specification also includes teacher-by-
school fixed effects, meaning we're only estimating the within-teacher returns to experience
within school settings (and not conflating the returns to experience with any changes in
effectiveness that may occur when teachers switch schools).

In addition to estimating the within-teacher returns to experience for all Pennsylvania

public school teachers, we estimate them for teachers in each sector (i.e., traditional and
charter), for teachers in CMOs, and for teachers in standalone charters. In the process, we
also examine differences between charter and TPS teachers with the same years of teaching
experience. Finally, we explicitly test for differential returns to experience between sectors, as
well as within the charter sector (i.e., CMO versus standalone teachers).

10
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Q3: How does teacher mobility vary across traditional and charter public schools?
Are mobile teachers more (or less) effective than nonmobile teachers?

To address Q3, we construct five teacher-mobility pathways that could occur at the end

of the school year, including those where teachers move to another school in the district

or another district altogether (see Mobility Pathways). We then calculate the average
mobility rates of teachers across the study period, by sector and by teacher-mobility type.
We then compare the effectiveness of teachers who experience each mobility type to the
effectiveness of nonmobile teachers in the same sector. Finally, we examine the professional
pathways of teachers who exit the classroom but remain in public education in Pennsylvania.

Limitations

This study has at least two important limitations.

First, although it has contributed much to our understanding of teacher effectiveness, prior
research suggests that test-based value-added is weakly correlated with other measures

of teacher performance, such as classroom observation scores or student evaluations.™
Incorporating such measures would provide a more comprehensive picture of how teachers
improve within and across standalone charters, CMO-run schools, and traditional public
schools, but those data are not available.

Second, because differences between school sectors could lead to selection on
unobservable characteristics of teachers and students, we cannot definitely conclude that
teachers in one sector are more effective than teachers in the other or that differential
improvement rates are attributable to differences in human capital policies (as opposed
to teachers' innate characteristics). In other words, observed differences in teacher
effectiveness and improvement likely reflect both differences in human capital and
differences in the school settings to which teachers are exposed.

n
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Mobility pathways
We calculate five types of mobility:

1. Interdistrict mobility, which includes any teachers who exited their geographic school
district at the end of the academic year to teach in another Pennsylvania school district
in the next academic year

2. Intradistrict mobility, which includes teachers who exited their school at the end of the
academic year but remained in the same geographic school district as a teacher in the
next academic year

3. Intraschool mobility, which includes teachers who taught a new subject or grade within
the same school in the next academic year

4. Role mobility, which includes teachers who remained in Pennsylvania public
education but assumed another educational role (i.e., principal, assistant principal, or
instructional supervisor)

5. Exit PA, which includes teachers who exited public education in Pennsylvania.

Why Pennsylvania?

Pennsylvania is an ideal setting for investigating teacher effectiveness and mobility across
the charter and traditional sectors. First, charter sector growth in Pennsylvania over the

last ten years mirrors national trends, in terms of its share of K-12 public school students
(Figure 1, Panel A) and teachers (Figure 1, Panel B). Second, the state contains a robust and
growing supply of both CMOs and standalone charter schools (Figure 1, Panels C and D). Of
the 165 brick-and-mortar charter schools in Pennsylvania during the 201617 school year, 115
were standalone charters and fifty were managed by one of the state’s eleven CMOs.

12
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Figure 1. Charter school market share in the United States vs. Pennsylvania
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Notes. The figure shows the percentage of K-12 students (Panel A) or K-12 teachers (Panel B) in charter schools. Panels C

and D show the percentage of K-12 students (Panel C) or K-12 teachers (Panel D) in Pennsylvania, by charter school type.
National includes all states and the District of Columbia, excluding Pennsylvania. Charter school enrollment excludes virtual or
cyber charter schools. Panels A and B use data from the Common Core of Data (CCD). Panels C and D use restricted-use data
provided by the Pennsylvania Department of Education.
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Findings

Finding #1: On average, teachers in Pennsylvania’s charter schools are more
effective in ELA but less effective in math than their peers in traditional public
schools, though teachers in CMO-run schools are more effective in both subjects.

On average, teachers in Pennsylvania charter schools are more effective than teachers in
traditional public schools in ELA but less effective in math (Figure 2). Specifically, charter
teacher effectiveness is 0.006 student-level standard deviations lower in math and 0.003
student-level standard deviations higher in ELA (see Appendix Figure C1 for the distribution
of teacher effectiveness by sector and subject).

These differences are modest. On average, 0.006 standard deviations in math translates

to approximately two additional days of learning per year for students in traditional public
schools (based on a 180-day school year in Pennsylvania), while 0.003 standard deviations in
ELA translates to approximately 1.5 additional days of student learning per year for students
in charter schools.” Yet comparisons between charter and traditional public schools mask
important differences in teacher effectiveness within the charter school sector—and, in
particular, between teachers in standalone and CMO-run schools.

On average, CMO teachers are 0.008 standard deviations more effective than those in
traditional public schools in math and 0.010 standard deviations more effective in ELA (which
translates to approximately three additional days of learning in math and five additional
days of learning in ELA). In contrast, teachers in standalone charter schools are less
effective—at least in math, where the estimates imply a loss of approximately four days of
learning per year relative to teachers in traditional public schools and approximately seven
days of learning per year relative to teachers in CMO-run schools.

Notably, these patterns hold when we restrict analysis to schools in urban communities,
where approximately two-thirds of Pennsylvania’s charter teachers are located (Appendix
Table C2, Panels C and D), and when we control for various school-level characteristics, such
as the proportion of students receiving FRL, the proportion of minority students, and the
proportion of students scoring proficient on state standardized exam (Appendix Table C3).%

14
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Figure 2. On average, teachers in CMO-run schools are more effective than
teachers in traditional public schools, while teachers in standalone charters
are less effective.
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Notes. Regression-adjusted mean differences reported (net of year fixed effects) are based on results summarized in Appendix
Table C2. Charter refers to the mean difference in teacher value-added for charter school teachers relative to TPS teachers.
CMO refers to the mean difference in teacher value-added for charter school teachers in a CMO relative to TPS teachers.
Standalone refers to the mean difference in teacher value-added for charter school teachers in standalone charter schools
relative to TPS teachers. Regression-adjusted mean differences are statistically significant at *10 percent, **5 percent, and ***1
percent levels.

How do our findings compare to CREDO's results?

Our estimates of charter school teachers' relative effectiveness in urban locations differ
from prior research by the Center for Research on Education Outcomes (CREDO), which has
found generally mediocre performance for Pennsylvania’s broader charter sector but more
positive results for Philadelphia (where the vast majority of urban charters are located).”

Two factors may explain these differences. First, because the goal of this report is to
understand the evolution of individual teachers’ effectiveness over time, our sample
includes teachers who taught during the 2008—-09 through 2016—-17 academic years, while
CREDOQ's 2019 report spans the 2013-14 through 2016—17 academic years.

Second, CREDQ's estimates rely on an approach that matches otherwise similar students

in charter and traditional schools (based on student demographics and achievement),
whereas this report relies on estimates of teacher value-added, which don't necessarily
sum to school value-added (even with identical data) because of how the underlying
models work. In particular, school value-added conflates all school-specific factors (such as
teachers, support staff, and leadership) that may be related to student achievement growth.
In contrast, teacher value-added estimates a teacher’s unique contribution to student
achievement growth.
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Finding #2: Like teachers elsewhere, teachers in Pennsylvania become more
effective as they gain experience, but teachers in the state’s CMOs improve more
rapidly than teachers in its traditional public schools or standalone charters.

Like teachers in other parts of the country, teachers in Pennsylvania become more effective
as they gain experience (Appendix Table C4). More specifically, they improve rapidly during
the first five years of a their career—especially in math—and more slowly over the next five
years (Figure 3). Notably, there are few additional returns to experience beyond ten years

(Appendix Figure C2), consistent with prior research on the returns to teacher experience.?

Figure 3. On average, teachers become more effective as they gain experience,
particularly in their first few years on the job.
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Notes. Each panel presents nonparametric results censored at ten years of teacher experience with a fitted quartic function
overlaid on the nonparametric estimates. All regressions include grade*year and teacher*school fixed effects, up to a cubic
term of lagged achievement, both in the same subject (math or ELA) and off-subject; student-level controls (see Methodology);
class-level controls, which are student-level controls aggregated to the classroom level, including lagged student achievement
aggregated to the classroom level; and school-level controls, which are student-level controls aggregated to the school-level,
including lagged student achievement aggregated to the school level. See Appendix Table C7 for point estimates upon which
these figures are based.

Because the average charter school teacher in Pennsylvania has six years of teaching
experience, while the average TPS teacher has thirteen years of teaching experience
(Figure 5, panels A and B), it seems likely that differences in experience explain some of the
differences between sectors. And in fact, the gap between charter and TPS teachers’ math
performance becomes more modest once we control for experience (Appendix Table C4).
However, teachers in CMO-run schools are also slightly less experienced, on average, than
those in standalone charters (Figure 5, panels C and D). So what explains the higher value-
added of teachers in CMO-run schools?

Part of the answer is that CMO teachers are more effective, on average, at the beginning
of their teaching careers (Appendix Tables C5 and Cé). Specifically, novice CMO teachers—
those in their first year of teaching in Pennsylvania—are 0.009 standard deviations more
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effective than novice TPS teachers in ELA. And the equivalent estimate for math (0.007
standard deviations) is also positive (though statistically insignificant). In contrast, novice
standalone charter teachers are less effective in math than novice TPS teachers.

As illustrated in Figure 4, however, teacher effectiveness also grows more quickly in charter

schools than it does in traditional public schools—at least in math.?® Moreover, as illustrated

in Panels C and D, teacher effectiveness in both subjects grows far more quickly in CMOs
(though not in standalone charters).?

Figure 4. Teacher effectiveness improves more quickly in CMOs than in
standalone charters or traditional public schools, particularly in ELA.
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Notes. Each panel presents nonparametric estimates of the returns to experience (years of experience censored at ten years)
with a fitted quartic function overlaid on the nonparametric estimates. All regressions include grade*year and teacher*school
fixed effects, up to a cubic term of lagged achievement, both in the same subject (math or ELA) and off-subject; student-level
controls (see Methodology); class-level controls, which are student-level controls aggregated to the classroom level, including
lagged student achievement aggregated to the classroom level; and school-level controls, which are student-level controls
aggregated to the school level, including lagged student achievement aggregated to the school level. See Appendix Table C8
for point estimates upon which these figures are based and Appendix Table C9 which presents statistical tests of the year-
specific returns to experience estimates across and within sectors.
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Figure 5. On average, teachers in charter schools are far less experienced than
teachers in traditional public schools.
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Notes. Sample includes all full-time teachers with math or ELA value-added (VAM) who taught in K-12 Pennsylvania public
schools in any school year between 2008-09 and 2016—-17. In Panel A, mean experience among teachers with math value-added
is 13.1 years for TPS teachers and 6.2 years for charter teachers. In Panel B, mean experience among teachers with ELA value-
added is 13.3 years for TPS teachers and 6.1 years for charter teachers. In Panel C, mean experience among teachers with math
value-added is 4.8 years for CMO teachers and 6.6 years for standalone charter teachers. In Panel D, mean experience among
teachers with ELA value-added is 5.5 years for CMO teachers and 6.3 years for standalone charter teachers.
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Finding #3: Pennsylvania charter schools struggle with teacher retention, but
CMOs retain and promote more effective teachers to school and instructional
leadership positions.

Teachers in Pennsylvania charter schools are significantly more mobile than teachers in the
state’s traditional public schools (Figure 6). For example, 26.8 percent of charter teachers
exited their schools annually, versus 10.6 percent of TPS teachers. Similarly, 34.8 percent of
charter teachers experienced any mobility event at the end of the school year versus just 13.7
percent of teachers in traditional public schools? (in addition to changing schools, a mobility
event also includes other forms of mobility, such as changing grades, subject, or roles within
a school). Notably, mobility rates were particularly high in CMO-run schools, where 31.6
percent of teachers exited their schools and 41.4 percent experienced a mobility event.?

Figure 6. Pennsylvania’s charter schools have higher teacher-mobility rates
than the state’s traditional public schools.
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Notes. Each bar represents the percent of teachers who experienced a mobility event (by mobility type) at the end of the
academic year (see Mobility Pathways on page 12 for definitions). See Appendix Table C10 for more detail on mobility types and
statistical tests comparing mobility rates by sector and charter type.

Much of the difference in charter and traditional schools’ total mobility rate is due to the fact
that 12.3 percent of charter teachers (and 14.6 percent of CMO teachers) exit Pennsylvania
education. However, charter teachers are also more likely to exit teaching for another
professional role in Pennsylvania public education than TPS teachers—3.1 percent of charter
teachers compared to 0.9 percent of TPS teachers. And this is particularly true of CMO
teachers, 4.3 percent of whom move to another role.

Per Figure 7, both charter and TPS teachers who exit public school teaching in Pennsylvania
("Exit PA") are significantly less effective in math and ELA than nonmobile teachers.
However, CMO teachers who exit public education are particularly ineffective relative to
nonmobile CMO teachers.

19



Teacher Effectiveness and Improvement in Charter and Traditional Public Schools | Findings

In contrast, charter teachers who exit teaching for another professional role in PA public
education are significantly more effective (in math) than nonmobile charter teachers, while
TPS teachers who move to another role are no more or less effective than nonmobile TPS
teachers.

Once again, this difference is being driven by teacher mobility in CMO-run schools.

Figure 7. In general, mobile teachers are less effective than nonmobile
teachers, but CMO teachers who are highly effective are often promoted to
nonteaching roles.
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Notes. Regression-adjusted mean differences reported (net of year fixed effects) are based on results summarized in Appendix
Table C11. TPS estimate is the mean difference in teacher value-added (VAM) for TPS teachers (by type of mobility) relative to
nonmobile TPS teachers. Charter estimate is the mean difference in teacher value-added for charter school teachers (by type
of mobility) relative to nonmobile charter teachers. CMO estimate is the mean difference in teacher value-added for CMO
teachers (by type of mobility) relative to nonmobile CMO teachers. Standalone estimate is the mean difference in teacher
value-added for standalone charter school teachers (by type of mobility) relative to nonmobile teachers in standalone charter
schools.
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So where do these highly effective teachers end up in the following school year? Of the 173
charter school teachers in our sample who exited teaching for another professional role in
Pennsylvania public education, 126 (72.8 percent) remained in the same school, thirty-five
(20.2 percent) moved to a different charter school, and twelve (6.9 percent) moved to a
traditional public school.

Similarly, of the sixty-four teachers in CMO-run schools who exited teaching for another
professional role, forty-five (70 percent) remained in the same school (Figure 8). However,
another thirteen (or 20 percent) moved to another school within the same CMO, four (6.2
percent) moved to a charter school outside of their CMO, and just two (3.1 percent) entered
a traditional public school. In other words, CMOs actually kept 90 percent of “role switchers”
within their organizations—though not necessarily in the same school.

Notably, of the CMO teachers who remained in the same school or the same CMO, thirty-
two (or 55 percent) were promoted to leadership positions, such as assistant principal

or instructional supervisor (for example, math or literacy coach), suggesting that charter
schools strategically target highly effective teachers for promotion.

Figure 8. Many high-performing CMO teachers are promoted to leadership
positions within their school or organization.

B Assistant Principal Instructional Supervisor ® Other Role
25
(%
o 20
N =
@
o 15
[
)
)
5 10
e}
g 5 I I I
z I
0 =
Same School Same CMO  Other Charter TPS

Notes. Each bar represents the number of “role mobile” CMO teachers who, within a school type in the next academic year,
assumed one of four nonteaching positions: principal, assistant principal, instructional supervisor, or other. No teachers moved
into the role of principal.
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Implications

Overall, the results suggest that Pennsylvania’s CMOs are succeeding

with a fundamentally different approach to human capital than the state’s
traditional public schools—an approach that relies heavily on recruitment, development, and
promotion to drive improvements in student-achievement outcomes.

First, novice CMO teachers are more effective, on average, than novice teachers in traditional
public schools, perhaps reflecting efforts by CMOs to actively identify and recruit young

and highly motivated individuals with relatively little teaching experience. Although this
report does not address teacher-recruitment practices, the average novice CMO teacher in
our sample was just twenty-seven years old, two years younger than the average novice in
Pennsylvania's traditional public schools and standalone charters.

Second, the returns to teacher experience in the first five years are greatest for CMO
teachers, suggesting that CMOs may be more effective at developing novice teachers
(though this finding could also reflect the fact that novice teachers who are more effective
improve more quickly). Notably, prior evidence does suggest that CMOs invest in the
development of their novice teachers via intensive observation and feedback by instructional
coaches and school leadership,” which other research suggests can improve teacher practice
and student achievement.?®

Third, the development of teacher human capital in CMOs may be accelerated or enhanced
by the strategic retention and promotion of more effective teachers to positions of school
and instructional leadership.

Finally, although teachers in CMOs exit public education at higher rates than teachers in
traditional public schools or standalone charter schools, those who do exit are among the
least effective.

Collectively, these findings suggest that greater attention should be paid to the human
capital policies and practices implemented by charter schools in general and CMOs in
particular. Indeed, a key feature of the charter school model is greater autonomy around
human capital policies than traditional public schools. Thus, sectoral differences in the
effectiveness of novice teachers, their professional development and growth, as well as their
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promotion and retention are likely explained by differences in these policies and practices.
Additional work should be done to better understand the labor pool from which CMOs and
traditional public schools recruit and the extent to which successful teacher recruitment,
development, and promotion practices implemented by CMOs can inform the human
capital strategies pursued by traditional public schools.
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Appendix A: Measuring
teacher effectiveness

We measure teacher effectiveness based on a teacher’s value-added contribution to student
achievement. Following prior work by Kraft (2019), we estimate teacher effectiveness using

a restricted maximum likelihood approach. This random-effects framework generates the
empirical Bayes estimator, which shrinks less precise teacher effects toward their population
mean (for example, teacher effects will be less precise when the estimated teacher effects
are based on fewer students). We specify the model as the following:

(A1) Achievement;, = B,Ach

other
jist = iisce=n) + BaAChigily + BaXie + BaCie + BsZse + Qe + Mijse

where achievement for student I with teacher j at school s in year t is modeled as a function
of a student'’s prior-year test score in the same subject (Achjjs(,_;)) and prior-year test score
in the other subject (Ach,-j?;”(‘;i,)). For example, if we are estimating teacher value-added

for teacher j in math in school year t, Achj;_yy will be student i's math test score from the
prior school year and Achji;yy will be student i's ELA test score from the prior school year.
X is a vector of time-varying student characteristics, including age, race, gender, grade
level, FRL eligibility status, SPED status, ELL status, and gifted status. C is a vector of time-
varying classroom characteristics, which are the student characteristics aggregated to

the classroom level. And Z is a vector of time-varying school characteristics, which are the
student characteristics aggregated to the school-level. The parameter estimate 6jt is the
teacher-by-year random effect, capturing teacher j's estimated value-added contribution
to student achievement (in either math or ELA) in school year t. Because we model teacher
effectiveness as a function of lagged student test scores, teacher-effectiveness measures are
available for grade 4-8 teachers.
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Appendix B:
Statistical methods

To address the second research question, we follow prior work on teacher productivity (Kraft
& Papay, 2014; Papay & Kraft, 2015; and Rockoff, 2004) and estimate variants of the following
education production function:

BN A;=a(g(A,, )+ ,B(f(Experiencejt)) + Xjel + Cp® + Z Q + Ay + 6, + 5, + £,
where A, is the test score of student I at the end of school year t on the PSSA mathematics or
ELA exam and A;,_, is student i's prior-year test score in both math and ELA.?? We include up
to a cubic function of prior achievement (A;,_,). We standardize all test scores at the subject-
grade-year level to have mean zero (and standard deviation one). X is a vector of time-
varying student characteristics, including age, race, gender, grade level, FRL status (that is,
receipt), SPED status, ELL status, and gifted status. C is a vector of time-varying classroom
characteristics, which are the student characteristics aggregated to the classroom level, as
well as the mean prior-year class achievement in math and ELA. And Z is a vector of time-
varying school characteristics, which are the student characteristics aggregated to the school
level, as well as the mean prior-year school achievement in math and ELA. The variable ®
represents a school fixed effect, accounting for all time-invariant school-level characteristics;
A is a grade-by-year fixed effect that accounts for annual educational shocks common to
all students in the same grade and school year; 8 is a teacher fixed effect; and € is a mean-
zero random-error term. Our preferred specification of equation (B1) includes a full set of
teacher-by-school fixed effects, thus mitigating the concern that the estimated returns to
experience are conflated by nonrandom teacher transitions across schools.

B is the parameter of interest. In our preferred specification, we model experience
nonparametrically via the inclusion of year-specific indicator variables. In this approach,
will estimate year-specific returns to experience rather than a mean return to experience
gradient across all years of experience. We cluster standard errors at the grade-year-school
level. We estimate equation (B1) separately by sector (charter or traditional public school)
and by charter school type (CMO or standalone).

Due to collinearity issues that arise when estimating returns to experience and grade-by-
year effects within a teacher cell, we impose the additional assumption that the returns
to teacher experience are constant after ten years of experience. Empirically, this means

25



Teacher Effectiveness and Improvement in Charter and Traditional Public Schools | Appendix B: Statistical methods

we censor years of experience at ten for teachers with ten or more years of experience.

This approach allows us to simultaneously identify grade-by-year effects from teacher
observations with ten or more years of experience and recover returns to experience for
teachers with fewer than ten years of experience.*® In the case that we observe significant
returns to experience after ten years, this approach would downwardly bias our estimates for
returns to teacher experience (Papay & Kraft, 2015). To test this assumption, we also estimate
models that censor years of experience at fifteen and twenty years; these results provide
evidence that teacher returns to experience in our data are effectively constant after ten
years of experience (see Appendix Figure C2 and Appendix Table C7).

Finally, we estimate whether the returns to teacher experience profile varies by sector (that
is, charter and TPS) by amending equation (1) as follows:

(B A, = a(g(A, ) + B(f(Experience;,) + y(f(Experience;*Charter,) + X;;[ + C® + Z, Q + A, + 0.+ 8, +€,,
In equation (B2), we interact an indicator for whether a teacher teaches in a charter school
with teacher experience. As with equation (B1), we estimate the returns to experience
gradient nonparametrically by including year-specific indicator variables (up to ten years);
thus, y estimates the differential returns to experience for charter school teachers relative

to their TPS counterparts for each of (up to) ten years of teaching experience. Moreover,
following prior work on the labor-market returns to experience and education (Carlsen et al.,
2016), we also interact the charter indicator with all other variables in the model. This enables
statistical testing of the coefficients, allowing insight into whether there are differential year-
specific returns to experience by sector. All other variables are defined as in equation (1), and
standard errors are clustered at the grade-year-school level.

In alternative estimates of equation (B2), we compare the year-specific returns to experience
between CMO and TPS teachers by replacing the charter indicator with an indicator for
whether a teacher teaches in a CMO school (and restricting the estimating sample to
teachers in traditional public schools and CMOs). We also compare the year-specific returns
to experience between standalone and TPS teachers by replacing the charter indicator

with an indicator for whether a teacher teaches in a standalone school (and restricting the
estimating sample to teachers in traditional public schools and standalone schools). Finally,
we compare the year-specific returns to experience between standalone and CMO teachers
by replacing the charter indicator with an indicator for whether a teacher teaches in a CMO
school (and restricting the estimating sample to teachers in CMO and standalone schools).
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Appendix C: Supplemental
tables and figures

Table C1. Teacher and school characteristics, by sector

All TPS Charter cMO Standalone

Panel A. Teacher characteristics
Age 40.56 40.91 33.652%** 31.32%** 34.36

(10.36) (10.29) (9.18) (7.22) (9.70)
Female 0.77 0.77 0.78** 0.79 0.78
White 0.94 0.95 0.80*** 0.70*** 0.83
Black 0.04 0.04 0.15%** 0.20*** 0.13
Hispanic 0.01 0.01 0.02*** 0.04*** 0.02
Other race 0.00 0.00 0.01*** 0.03*** 0.01
Experience 12.88 13.22 6.11%** 5.16*** 6.47

(8.34) (8.32) (5.36) 4.41) (5.64)
Advanced degree 0.55 0.55 0.40*** 0.36*** 0.41
Salary 65,599.39 66,380.36 50,126.47*** 54,835.20*** 48,324.99

(17,256.74) (17,148.34) (10,963.90) (11,242.47) (10,302.19)

Elementary 0.8 0.19 0.02%** 0.00*** 0.03
Middle 0.37 0.39 0.01*** 0.02%** 0.01
Elem/middle 0.32 0.31 0.51*** 0.68*** 0.44
Nontraditional 0.13 0.12 0.46*** 0.29*** 0.52
City 0.19 0.16 0.69%** 0.85%** 0.63
Suburban 0.49 0.50 0.25*** 0.15*** 0.29
Rural 0.22 0.23 0.04*** 0.00*** 0.06
Town 0.10 0.1 0.02%** 0.00*** 0.02

cont. on next page...
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All TPS Charter CcMO Standalone
Panel B. School characteristics
Enroliment 703.22 691.30 939.31*** 772.04*** 1,003.31
(346.08) (308.88) (737.54) (311.27) (833.87)
Female 0.49 0.49 0.51*** 0.49*** 0.51
(0.03) (0.03) (0.06) (0.03) (0.07)
Age 11.25 1.27 10.94*** 10.98 10.92
9 (2.22) (2.22) (2.14) (2.00) (2.19)
. 0.70 0.72 0.26*** 0.13*** 0.31
White
(0.30) (0.29) (0.32) (0.23) (0.34)
Minorit 0.24 0.21 0.67*** 0.81*** 0.62
¥ (0.29) 0.27) (0.35) (0.25) (0.37)
FRPL 0.44 0.43 0.65*** 0.80*** 0.59
0.27) 0.27) (0.30) (0.21) (0.31)
IEP 0.17 0.17 0.17** 0.19*** 0.16
(0.05) (0.05) (0.07) (0.05) (0.08)
ELL 0.03 0.03 0.04*** 0.05*** 0.04
(0.05) (0.05) (0.07) (0.08) (0.06)
. 0.04 0.05 0.00*** 0.00*** 0.00
Gifted
(0.05) (0.05) (0.01) (0.02) (0.02)
Math oroficienc 0.58 0.59 0.39*** 0.35%** 0.41
P y (0.24) (0.24) (0.25) (0.25) (0.25)
ELA proficienc 0.66 0.67 0.49*** 0.43*** 0.52
P y (0.19) (0.18) (0.21) (0.18) (0.21)
Teachers 41,770 38,767 3,311 1,050 2,384
Schools 2,493 2,341 152 43 115
Teacher*years 142,752 135,893 6,859 1,898 4,961

Notes. In Panel A, proportions are reported, except for age and experience, which report means (standard

deviation). In Panel B, school-level means (standard deviation), weighted by teacher counts, are reported. Sample
includes all full-time teachers teaching in K-12 Pennsylvania public schools in any school year during the 2008-09

through the 2016-17 school years. Advanced degree includes a master’s and/or doctorate degree. Experience is
the total number of years of educational service in Pennsylvania. Salary is inflation adjusted ($2016). Elementary
schools enroll students in grades K-5, middle schools enroll students in grades 6-8, elem/middle schools enroll
students in grades K-8 who are not otherwise enrolled in an elementary or middle school, and nontraditional
schools enroll students in all other grade spans. CMO schools are charter schools that are managed by a CMO
with more than one school in a year. Standalone schools are charter schools without oversight from a CMO.

Because schools can change CMO/standalone status across school years (that is, standalone charter schools can

become CMO-managed charter schools), the count of CMO and standalone schools does not equal the unique
count of charter schools. The differences between teachers in traditional public schools and charter schools
(reported in the "all charter school” column) and differences between teachers in CMO and standalone charter

schools (reported in the “"CMO" column) are statistically significant at *10 percent, **5 percent, and ***1 percent

levels.
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Table C2. Difference in effectiveness of charter and TPS teachers

Math VAM

V)

&)

3

@

Panel A. All charters

Charter -.006*** (.0016) | -.006*** (.0016) | -.009*** (.0018) | -.010*** (.0018)
R? .0002 .0073 .0493 1433
Panel B. Charter type

Standalone -.010*** (.0017) | -.010*** (.0017) | -.014*** (.0020) | -.015*** (.0020)
CMO .007** (.0036) | .008** (.0036) .004 (.0036) .003 (.0038)
R? .0006 .0077 .0497 1437
Z\‘/’f(‘)'i:gzcn;;:zﬂ: .0000 L0000 .0000 L0000
Teacher*years 83,372

Teachers 27,718

Schools 2,488

Panel C. All urban charters

Charter

-.007*** (.0021)

-.007*** (.0021)

-.009*** (.0022)

-.009*** (.0022)

RZ

.0008

.0196

.0291

.0645

Panel D. Urban charter type

Standalone -.015*** (.0024) | -.015*** (.0024) | -.016*** (.0024) | -.017*** (.0025)
CMO .010*** (.0039) | .010*** (.0040) | .007* (.0041) .007* (.0041)
R? .0036 .0224 .0314 .0670
Emﬂiif;ﬁ?amft: 0000 L0000 0000 L0000
Teacher*years 16,572

Teachers 6,722

Schools 551

Year FE X X

District FE X

District*year FE X

cont. on next page...
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ELA VAM

) (6) ) (8)
Panel A. All charters
Charter .003*** (L0010) | .003*** (.0010) .001 (.0011) .000 (.0012)
R? .0001 .0033 .0542 1705
Panel B. Charter type
Standalone .001 (.0012) .001(.0012) -.001 (.0013) -.002 (.0013)
CMO .009*** (.0021) .010*** (.0021) .007*** (.0021) | .006*** (.0022)
R? .0003 .0035 .0543 1706
Z\‘/’,?)IZEEEZIF;ZSt 0001 0001 0024 0015
Teacher*years 97,925
Teachers 32,326
Schools 2,488
Panel C. All urban charters
Charter .002* (.0013) .002 (.0013) .000 (.0014) .000 (.0014)
R? .0002 .0183 .0391 .0685
Panel D. Urban charter type
Standalone -.002 (.0016) -.003* (.0016) -.004** (.0016) | -.004** (.0016)
CMO .012*** (.0023) .011*** (,0023) | .009*** (.0024) | .009*** (.0024)
R? .0023 .0202 .0425 .0702
(P:;\‘A’?)"izgj’]:ai;:]e:t: 0000 0000 0000 0000
Teacher*years 18,099
Teachers 7,340
Schools 549
Year FE X X
District FE X
District*year FE X

Notes. Each column (within a panel) is a separate regression. In Panels A and C, “charter" refers to the mean
difference in teacher value-added (VAM) for charter school teachers relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). In Panels B and D, "“CMO" refers to the mean difference
in teacher value-added for charter school teachers in a CMO relative to TPS teachers (coefficients reported with
robust standard errors in parentheses). “Standalone” refers to the mean difference in teacher value-added for
charter school teachers in standalone charter schools relative to TPS teachers (coefficients reported with robust
standard errors in parentheses). “District” is the geographic location of the TPS district (that is, the funding
district) in which charter schools are located. In Panels A and B, the sample includes all full-time teachers
teaching in K-12 Pennsylvania public schools in any school year during the 2008—-09 through the 2016-17 school
years. In Panels C and D, the sample includes all full-time teachers teaching in K-12 Pennsylvania public schools
located in urban districts in any school year during the 2008-09 through the 2016-17 school years. The coefficients
are statistically significant at *10 percent, **5 percent, and ***1 percent levels
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Table C3. Difference in effectiveness of charter and TPS teachers, by school

characteristics

Math VAM
School characteristic: FRPL Minority Achievement All
Panel A. All charters
Charter -.007*** (.002) | -.006*** (.002) | -.007*** (.002) | -.006*** (.002)
R? .008 .007 .008 .008

Panel B. Charter type

Standalone -.011*** (,002) -.011*** (.002) -.011*** (,002) -.010*** (.002)
CMO .017*** (.004) .018*** (.004) .017*** (.004) .017*** (.004)
R? .008 .008 .008 .008
E;&i';i;g:; I';',:Z“: 0000 0000 0000 0000
Teacher*years 83,372

Teachers 27,718

Schools 2,488

Panel C. All urban charters

Charter

-.007*** (.002)

-.006*** (.002)

-.006*** (.002)

-.007*** (.002)

RZ

.021

.020

.020

.022

Panel D. Urban charter type

Standalone -.016*** (.002) | -.014*** (.002) | -.014*** (.002) | -.015*** (.002)
CMO .026*** (005) | .025*** (.005) | .025*** (.005) | .026*** (.005)
R? .024 .023 .023 .025
Z\‘/’E';:t::; I';';ist: 0000 0000 0000 0000
Teacher*years 16,572

Teachers 6,722

Schools 551

cont. on next page...
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ELA VAM
School characteristic: FRPL Minority Achievement All
Panel A. All charters
Charter .002** (.001) .003*** (.001) .002 (.001) .004*** (.001)
R? .003 .003 .004 .004
Panel B. Charter type
Standalone -.000 (.001) .001 (.001) -.001 (.001) .001 (.001)
CMO .009*** (.002) .009*** (.002) .008*** (.002) .009*** (.002)
R? .004 .004 .004 .005
Eﬁftml I';'rfz“: 0051 0060 0032 0090
Teacher*years 97,925
Teachers 32,326
Schools 2,488
Panel C. All urban charters
Charter .001 (.001) .002 (.001) .002 (.001) .003** (.001)
R? .019 .018 .019 .021
Panel D. Urban charter type
Standalone -.003** (.002) -.003* (.002) -.002 (.002) -.002 (.002)
CMO .014*** (.003) .014*** (,003) .013*** (,003) .014*** (,003)
R? .021 .020 .021 .023
(P:;\‘/’,a(;‘i‘:t';rsorg I';'::St: .0000 0000 .0000 0000
Teacher*years 18,099
Teachers 7,340
Schools 549

Notes. Each column (within a panel) is a separate regression. All regressions include year fixed effects. Each
column controls for the school-level characteristic indicated in the column heading (“FRPL" is the proportion of a
school’s students receiving FRL, “minority” is the proportion of a school’s students who are racial/ethnic minority,
"achievement"” is the proportion of a school’s students who are academically proficient, and "all” indicates

that the regression controls for all three of these school-level characteristics). In Panels A and C, “charter”

refers to the mean difference in teacher value-added (VAM) for charter school teachers relative to TPS teachers
(coefficients reported with robust standard errors in parentheses). In Panels B and D, "CMO" refers to the mean
difference in teacher value-added for charter school teachers in a CMO relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “Standalone” refers to the mean difference in teacher
value-added for charter school teachers in standalone charter schools relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “District” is the geographic location of the TPS district (that
is, the funding district) in which charter schools are located. In Panels A and B, the sample includes all full-time
teachers teaching in K12 Pennsylvania public schools in any school year during the 2008-09 through the 201617
school years. In Panels C and D, the sample includes all full-time teachers teaching in K-12 Pennsylvania public
schools located in urban districts in any school year during the 2008-09 through the 2016—17 school years. The
coefficients are statistically significant at *10 percent, **5 percent, and ***1 percent levels.
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Table C4. Association between teacher effectiveness and experience, by sector

Math VAM

O}

2

3

@

Panel A. All charters

Charter -.004*** (.0016) | -.004** (.0016) | -.007*** (.0018) | -.008*** (.0019)

Experience .0007*** (.0001) | .0008*** (.0001) | .0010*** (.0001) | .0010*** (.0001)

Experience? -.00002%** -.00002*** -.00003*** -.00002***
(.0000) (.0000) (.0000) (.0000)

R? .0006 .0079 .0500 1441

Panel B. Charter type

Standalone -.009*** (.0018) | -.008*** (.0017) | -.012*** (.0020) | -.013*** (.0020)

CMO .009** (.0036) | .010*** (.0036) .006* (.0037) .006 (.0038)

Experience .0007*** (.0001) | .0009*** (.0001) | .0010*** (.0001) | .0011*** (.000T)

Experience? -.00002*** -.00002*** -.00002*** -.00003***
(.0000) (.0000) (.0000) (.0000)

R? .0010 .0083 .0504 1445

Z\‘/’%Iigtfarzcn;fo':zst: .0000 .0000 .0000 L0000

Year FE X X

District FE X

District*year FE X

Teacher*years 83,372

Teachers 27,718

Schools 2,488

cont. on next page...
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ELA VAM
(5) (6) ) (8)
Panel A. All charters
Charter .004*** (.0010) .004*** (.0010) .002* (.0012) .001 (.0012)
Experience .0003*** (L0001) | .0003*** (.0001) | .0003*** (.0001) | .0003*** (.0001)
Experience? -.00000** -.00000*** -.00000*** -.00000***
(.0000) (.0000) (.0000) (.0000)
R? .0003 .0036 .0544 1707
Panel B. Charter type
Standalone .001 (.0012) .002 (.0012) .000 (.0013) -.001 (.0013)
CMO .011*** (.0021) 011*** (L0021) .008*** (.0021) .007*** (.0022)
Experience .0003*** (L0001) | .0003*** (.0001) | .0003*** (.0001) | .0003*** (.0001)
Experience? -.00000** -.00000** -.00000** -.00000**
(.0000) (.0000) (.0000) (.0000)
R? .0005 .0038 .0545 .1708
Z\‘/’,?)Iizgzcn;z;;?t: .0001 0001 0020 0012
Year FE X X
District FE X
District*year FE X
Teacher*years 97,925
Teachers 32,326
Schools 2,488

Notes. Each column is a separate regression (coefficients reported with robust standard errors in parentheses).
"Experience” is the total number of years of educational service in Pennsylvania. In Panel A, “charter” refers to
the mean difference in teacher value-added (VAM) for charter school teachers relative to TPS teachers. In Panel
B, “"CMO" refers to the mean difference in teacher value-added for charter school teachers in a CMO relative to
TPS teachers. “Standalone” refers to the mean difference in teacher value-added for charter school teachers in
standalone charter schools relative to TPS teachers. "District” is the geographic location of the TPS district (that
is, the funding district) in which charter schools are located. The sample includes all full-time teachers teaching
in K=12 Pennsylvania public schools in any school year during the 2008—-09 through the 2016—17 school years. The
coefficients are statistically significant at *10 percent, **5 percent, and ***1 percent levels.
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Table C5. Difference in math effectiveness of charter and TPS teachers,
by years of experience

Years of experience
1 2 3 4 5 6 7 8 9 10

Panel A. All charters

-.012*** | 002 | -.005 | .001 | .010 | -.005 |-.015**| -.002 | -.005 | .002
(.0041) | (.0043) | (.0051) | (.0058) | (.0061) | (.0061) | (.0061) | (.0079) | (.0082) | (.0080)

R? .0197 .0162 .0102 | .0218 | .0159 .0152 | .0106 | .0079 | .0067 .0094

Charter

Panel B. Charter type

Standalone -.021*** | -.004 |-.013**| -.011* .005 | -.012* | -.017** | -.004 | -.005 .004
(.0046) | (.0048) | (.0056) | (.0065) | (.0065) | (.0067) | (.0065) | (.0083) | (.0084) | (.00873)

.007 .016* .014 | .026** | .021 .014 -.009 .008 -.000 -.013
(.0074) | (.0086) | (.0100) | (.0107) | (.0133) | (.0124) | (.0161) | (.0225) | (.0273) | (.0239)

R? .0240 .0179 .0129 | .0261 .0071 .0166 | .0107 | .0080 | .0067 .0096

CMO

P-value from
F-test: CMO= .0009 .0435 .0151 .0024 .2922 .0568 .6400 .6043 .8586 4988

Standalone

;‘ZZ‘rer 3,586 | 3,488 | 3,331 | 3,381 | 3519 | 3,905 | 4100 | 4,280 | 4180 | 4,151
Teachers 3139 | 3,234 | 3,034 | 3100 | 3,265 | 3586 | 3,789 | 3,965 | 3,873 | 3,801
Schools 1361 | 1,459 | 1438 | 1462 | 1487 | 1,580 | 1,666 | 1,693 | 1672 | 1,647

Notes. Each column (within a panel) is a separate regression. All regressions include year fixed effects. In Panel A,
"charter" refers to the mean difference in teacher value-added (VAM) for charter school teachers relative to TPS
teachers (coefficients reported with robust standard errors in parentheses). In Panel B, "CMO" refers to the mean
difference in teacher value-added for charter school teachers in a CMO relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “Standalone” refers to the mean difference in teacher
value-added for charter school teachers in standalone charter schools relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “Years of experience" is the total number of years of
educational service in Pennsylvania (for example, one year of experience indicates that teachers are in their first
year of teaching in Pennsylvania). The sample includes all full-time teachers teaching in K-12 Pennsylvania public
schools in any school year during the 2008-09 through the 2016—17 school years. The coefficients are statistically
significant at *10 percent, **5 percent, and ***1 percent levels.
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Table Cé. Difference in ELA effectiveness of charter and TPS teachers, by years
of experience

Years of experience

1 2 3 4 5 6 7 8 9 10
Panel A. All charters
Charter .000 .005* .003 .002 -.002 .007 .004 .004 .003 .006
(.0025) | (.0029) | (.0030) | (.0034) | (.0040) | (.0042) | (.0045) | (.0045) | (.0051) | (.0052)
R? .0125 .0078 .0035 .0055 .0065 .0069 .0128 .0021 .0031 .0058
Panel B. Charter type
Standalone -.003 .001 .001 -.005 -.007 .003 -.001 .004 .002 .009
(.0029) | (.0033) | (.0036) | (.0037) | (.0046) | (.0049) | (.0049) | (.0052) | (.0059) | (.0056)
CMO .009* | .017*** | .011** | .017** .007 .015** | ,022** .004 .005 -.009
(.0048) | (.0056) | (.0049) | (.0069) | (.0073) | (.0077) | (.0098) | (.0089) | (.0093) | (.0129)
R? .0138 .0097 .0043 .0082 .0074 .0074 .0142 .0021 .0031 .0062
P-value from
F-test: CMO= | .0320 .0148 .0748 .0057 .0982 1891 .0329 9571 .8062 1875
Standalone
;‘:‘rer 4144 | 4,034 | 3,858 | 3,939 | 4,224 | 4611 | 4751 | 4,821 | 4769 | 4,684
Teachers 3,623 3,710 3,566 3,608 3,868 4,192 4,394 4,462 4,404 4,313
Schools 1,464 1,540 1,509 1,509 1,556 1,656 1,703 1,736 1,732 1,687

Notes. Each column (within a panel) is a separate regression. All regressions include year fixed effects. In Panel
A, "charter” refers to the mean difference in teacher value-added for charter school teachers relative to TPS
teachers (coefficients reported with robust standard errors in parentheses). In Panel B, "CMO" refers to the mean
difference in teacher value-added for charter school teachers in a CMO relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “Standalone” refers to the mean difference in teacher
value-added for charter school teachers in standalone charter schools relative to TPS teachers (coefficients
reported with robust standard errors in parentheses). “Years of experience" is the total number of years of
educational service in Pennsylvania (for example, one year of experience indicates that teachers are in their first
year of teaching in Pennsylvania). The sample includes all full-time teachers teaching in K-12 Pennsylvania public
schools in any school year during the 2008-09 through the 2016—17 school years. The coefficients are statistically
significant at *10 percent, **5 percent, and ***1 percent levels
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Table C7. Nonparametric estimates of the returns to teaching experience,
by school sector and alternative experience censoring

Years of All TPS | Charter All TPS | Charter All TPS | Charter
experience:| S (j) 2 (&) @ (5) O] @ (® )]
Panel A. Math

, 037%%* | 031%** | 058*** | 038*** | .032*** | .057*** | 038*** | .032*** | .057***
(.005) | (.005) (.013) (.005) | (.005) (.013) (.005) | (.005) (.013)

2 045%** | 040%** | .066™** | .046™** | .042*** | .064*** | .046*** | .042*** | .064***
(.006) | (006) | (017) | (006) | (006) | (017) | (.006) | (006) | (.017)

3 053*** | 048*** | 083*** | 055*** | .050*** | .080*** | .055*** | .050*** | .080***
(.006) | (006) | (021) | (006) | (.006) | (.021) | (006) | (006) | (.021)

4 049*** | 043*** | 081*** | 051*** | 046*** | .077*** | .051*** | .046*** | .077***
(.006) (.007) (.023) (.006) (.007) (.023) (.007) (.007) (.023)

5 .052%** | 049*** | .060** | .055*** | .052*** | .055** | .055*** | .053*** | .055**
(.007) | (.007) (.027) (.007) | (.007) (.027) (.007) | (.007) (.027)

6 059*** | 056*** | 031 |.062*** | .060*** | 026 |.062*** | .061*** | .026
(.007) (.007) (.029) (.007) (.007) (.029) (.007) (.008) (.029)

7 .058*** | 054*** .050 062%** | 059*** .046 .062%** | 059*** .046
(.007) (.007) (.032) (.007) (.008) (.032) (.008) (.008) (.032)

8 059*** | 056*** | 012 | .064*** | .062*** | .008 |.064*** | 063*** | .007
(.007) (.008) (.035) (.008) (.008) (.035) (.008) (.009) (.035)

9 .063*** | 059*** | .078** | .068*** | .065*** .073* .068*** | 066*** .071*
(.008) (.008) (.038) (.008) (.008) (.038) (.009) (.009) (.038)

0 066*** | .063*** | 036 |.072*** | .070*** | .028 | .072*** | .071*** | .025
(.008) | (.008) | (.040) | (.009) | (.009) | (.040) | (.009) | (.010) | (.040)

» .065*** | .063*** .005 .065*** | .065*** .002
(.009) | (009) | (044) | (010) | (.010) | (.044)

12 .069*** | .070*** | -.083* | .069*** | .071*** | -.088*
(.010) | (010) | (.047) | (010) | (011) | (.048)

13 067*** | .067*** -.087 067*** | .069*** | -.094*
(.010) (.010) (.056) om om (.056)

14 .070*** | .070*** -.071 070%** | .Q72%** -.083
(.010) (om (.058) (.012) (.012) (.058)

15 .068*** | .069*** | -15** | .068*** | .071*** | -137**
(.om) (.om) (.057) (.012) (.012) (.059)

16 Q77**%* | .079*** -.098
(013) | (013) | (.062)

073*** | .076*** -.044

17 (013) | (014) | (063)
.074%** | 078*** -.027

18 014) | (014 | (062)

cont. on next page...
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Years of All TPS | Charter | All TPS | Charter| All TPS | Charter
experience:l ) | @ | @ | @ | ® | ® | D | ® | ®
" 077*** | .080*** | -.045
(015) | (015) | (.069)
20 .075*** | .080*** -.018
(.015) (.016) (.088)
P-value from F-test that coefficients equal
1-10 0.014 0.004 0.001 0.005 0.001 0.001 0.012 0.002 0.010
1n-15 0.765 0.506 0.003 0.772 0.491 0.001
16-20 0.475 0.469 0.084
1-20 0.692 0.498 0.007
*
Student 3796,729
years
Students 1,538,188
Teachers 27,718
Schools 2,488
Ef:e' B. All TPS | Charter | All TPS | Charter| All TPS | Charter
. .019*** | 018*** .022* .019*** | .018*** .022* 019*** | 018*** .021*
(.004) | (004) | (012) | (.004) | (.004) | (012) | (004) | (004) | (.012)
2 .028*** | .025*** | .030** | .027*** | .025*** | .029** | .028*** | .026*** .027*
(.005) | (.005) (.015) (.005) | (.005) (.015) (.005) | (.005) (.015)
3 L025%** | 022*** .024 L025*** | 022*** .022 .025*** | 023*** .020
(.005) | (.005) (.016) (.005) | (.005) (.016) (.005) | (.005) (.016)
4 .033*** | 032*** .014 .033*%** | 032*** .on .034%** | 033*** .008
(.005) (.005) (.019) (.005) (.005) (.019) (.005) (.006) (.019)
5 .035%** | 032%** .028 .035%** | 032*** .024 .035%** | 033*** .020
(.005) (.005) (.021) (.005) (.006) (.020) (.006) (.006) (.021)
6 041%** | 039*** .019 L041%** | 039*** .015 041%** | .040*** .010
(.006) | (.006) | (.024) | (.006) | (.006) | (.024) | (.006) | (.006) | (.024)
7 041%** | 039*** .018 L041%** | 039*** .013 L042%** | 041*** .008
(.006) (.006) (.026) (.006) (.006) (.026) (.006) (.007) (.026)
8 .045%** | 043*** -.009 .044%** | 043*** -.015 .045*** | 045*** -.021
(.006) (.006) (.028) (.006) (.007) (.028) (.007) (.007) (.028)
9 .045%** | 043*** -.022 .044%** | 043*** -.029 .045%** | 045*** -.035
(.006) (.006) (.030) (.007) (.007) (.030) (.007) (.007) (.030)
10 .045*** | 044*** -.045 .044%** | 044*** -.052 .045*** | 046*** | -.059*
(.007) | (007) | (033) | (007) | (007) | (032) | (008) | (.008) | (.033)
’ L051*** | .049*** .018 O051*%** | Q51*** .01
(.007) | (008) | (.038) | (.008) | (.008) | (.038)
12 .052*** | (Q51*** -.021 .053*** | (Q53*** -.028
(.008) | (.008) | (040) | (.009) | (.009) | (.040)

cont. on next page...

38



Teacher Effectiveness and Improvement in Charter and Traditional Public Schools | Appendix C: Supplemental tables and figures

Years of All TPS | Charter | All TPS | Charter| All TPS | Charter

PRI @) &) ®3) ) (5) (6 @ (®) ®
057*** | 056*** | -.001 |.058*** | .059*** | -.009

13 (008) | (008) | (oa1) | (009) | (009) | (oa)
14 .056*** | .056*** -.052 .057*** | . 058*** -.060
(.009) (.009) (.045) (.009) (.010) (.045)

15 .056*** | 056*** -.046 .058*** | (059*** -.055
(.009) (.009) (.052) (.010) (.010) (.052)

16 .049*** | 050*** -.003
(.010) .o (.049)

17 .054*** | (Q55*** -.026
o | o) | (058)

18 L057*** | Q59*** -.053
(012) | (012 | (063)

19 .055*** | 058*** -.089
012) | (012) | (069)

20 L057*** | 060*** -.043

(013) | (.013) | (.075)

P-value from F-test that coefficients equal

1-10 0.000 0.000 0.215 0.001 0.001 0.155 0.002 0.001 0.112
1-15 0.321 0.193 0.250 0.312 0.159 0.243
16—-20 0.181 0.101 0.528
1-20 0.176 0.077 0.415
Student 5.162,399
years
Students 1,558,368
Teachers 32,326
Schools 2,488
Grade X X X X X X X X X
year FE

*
Teacher X X X X X X X X X
school FE

Notes. Each column is a separate regression. Coefficients are reported with robust standard errors (clustered at
the school*grade*year level). All regressions include controls for up to a cubic term of lagged achievement, both
in the same subject (math or ELA) and off-subject, student-level controls (age; race; gender; FRL status; SPED
status; ELL status; gifted status; class-level controls, which are student-level controls aggregated to the classroom
level, including lagged student achievement aggregated to the classroom level; and school-level controls, which
are student-level controls aggregated to the school level, including lagged student achievement aggregated

to the school level). “Experience” is the number of years a teacher has spent in Pennsylvania public education,
which we censor at ten, fifteen, or twenty years. The coefficients are statistically significant at *10 percent, **5
percent, and ***1 percent levels.
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Table C8. Nonparametric estimates of the returns to teaching experience,
by school sector and charter school type

Math
Years of All TPS Charter Standalone CMO
experience: Q) () ?3) ) )
1 .037*** (.005) | .031*** (.005) | .058*** (.013) | .068*** (.014) | .063** (.028)
2 .045*** (006) | .040*** ((006) | .066*** (.017) | .061*** (.018) | .147*** (.037)
3 .053*** (006) | .048*** (.006) | .083*** (.021) | .103*** (.023) | .123*** (.040)
4 049*** ((006) | .043*** (.007) | .081*** (.023) | .105*** (.027) | .148*** (.043)
5 .052*** ((007) | .049*** (.007) | .060** (.027) 081** (.032) | .149*** (.049)
6 .059*** (.007) | .056*** (.007) .031(.029) .065* (.034) 116** (.057)
7 .058*** (.007) | .054*** (.007) .050 (.032) .093** ((037) | .177*** (.064)
8 .059*** (.007) | .056*** (.008) .012 (.035) .065 (.040) .059 (.070)
9 .063*** (.008) | .059*** (.008) | .078** (.038) | .134*** (.043) 117* (.064)
10 .066*** (.008) | .063*** (.008) .036 (.040) 101** (.043) .081 (.066)
P-values from F-test

0.014 0.004 0.001 0.0196 0.048
Student*years 3,796,729
Students 1,538,188
Teachers 27,718
Schools 2,488
cont. on next page...
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ELA

Years of All TPS Charter Standalone CMO
experience: ) @) (8) © (10)
1 .019*** (.004) .018*** (.004) .022* (.012) .020 (.014) .061** (.025)
2 .028*** (.005) | .025*** (.005) .030** (.015) .016 (.017) 109*** (,026)
3 .025*** (,005) | .022*** (.005) .024 (.016) .000 (.019) J12*** (1031)
4 .033*** (,005) | .032*** (.005) .014 (.019) -.014 (.021) 113*** (.034)
5 .035*** (,005) | .032*** (.005) .028 (.021) -.013 (.024) 173*** (,037)
6 .041*** ((006) | .039*** (.006) .019 (.024) -.020 (.028) .159*** (.045)
7 .041*** ((006) | .039*** (.006) .018 (.026) -.023 (.029) 150*** (.048)
8 .045*** ((006) | .043*** (.006) -.009 (.028) -.054* (.031) .160*** (.055)
? .045*** ((006) | .043*** (.006) -.022 (.030) -.058* (.033) .084 (.060)
10 .045*** (,007) | .044*** (.007) -.045 (.033) -.080** (.036) .054 (.066)
P-values from F-test

0.000 0.000 0.215 0.244 0.000
Student*years 5,162,399
Students 1,558,368
Teachers 32,326
Schools 2,488

Notes. Each column (within a panel) is a separate regression. The coefficients are reported with robust
standard errors (clustered at the school*grade*year level). All regressions include up to a cubic term of lagged

achievement, both in the same subject (math or ELA) and off-subject, student-level controls (age; race; gender;
FRL status; SPED status; ELL status; gifted status; class-level controls, which are student-level controls aggregated
to the classroom level, including lagged student achievement aggregated to the classroom level; school-level
controls, which are student-level controls aggregated to the school level, including lagged student achievement
aggregated to the school level; and grade*year and teacher*school fixed effects). “Experience” is the number of
years a teacher has spent in Pennsylvania public education and has been censored at ten years. The coefficients
are statistically significant at *10 percent, **5 percent, and ***1 percent levels.
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Table C9. Year-specific returns to experience across and within sectors

Math

TPS and Standalone and
Years of TPS and charter standalone TPS and CMO CMO
experience: m ) (€)) @
1 .031*** (,005) .031*** (,005) .031*** (.005) .068*** (.014)
2 .040*** (,006) .040%** (.006) .040*** (.006) .061*** (.018)
3 .048*** (.006) .048*** (.006) .048*** (.006) 103*** (.023)
4 .043*** (,007) .043*** (,007) .043*** (,007) 105*** (,027)
5 .049*** (.007) .049*** (.007) .049*** (.007) .081%* (.032)
6 .056*** (.007) .056*** (.007) .056*** (.007) .065* (.034)
7 .054*** (.007) .054*** (,007) .054*** (,007) .093** (.037)
8 .056*** (.008) .056*** (.008) .056*** (.008) .065 (.040)
9 .059*** (.008) .059*** (,008) .059*** (,008) 134*** (.043)
10 .063*** (.008) .063*** (.008) .063*** (.008) 101%* (.043)
1*charter .027* (.014)
2*charter .026 (.018)
3*charter .036* (.021)
4*charter .037 (.024)
5*charter .011 (.028)
6*charter -.025 (.030)
7*charter -.004 (.033)
8*charter -.045 (.036)
9*charter .019 (.039)
10*charter -.027 (.041)

1*standalone

.037** (.015)

2*standalone

.021(.019)

3*standalone

.055** (,024)

4*standalone

.062** (.028)

5*standalone .032 (.033)
6*standalone .008 (.034)
7*standalone .039 (.038)
8*standalone .009 (.040)
9*standalone .075* (.043)
10*standalone .038 (.044)

1*CMO

.032(.028)

-.005 (.031)

cont. on next page...
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Math

TPS and Standalone and
Years of TPS and charter standalone TPS and CMO CcMO
experience: m ) (€)) @
2*CMO 107*** (.037) .086** (.041)
3*CMO .075* (.041) .020 (.047)
4*CMO 105** (.044) .043 (.051)
5*CMO .100** (.049) .068 (.059)
6*CMO .060 (.057) .052 (.066)
7*CMO 123* (.064) .084 (.074)
8*CMO .002 (.071) -.006 (.081)
9*CMO .058 (.065) -.017 (.077)
10*CMO .018 (.067) -.020 (.079)
Student*years 3,796,729
Students 1,538,188
Teachers 27,718

ELA

TPS and Standalone and
Years of TPS and charter Standalone TPS and CMO CMO
experience: (5) 6) @ (®)
1 .018*** (.004) .018*** (.004) .018*** (.004) .020 (.014)
2 .025*** (.005) .025*** (,005) .025*** (,005) .016 (.017)
3 .022*** (.005) .022*** (,005) .022*** (.005) .000 (.019)
4 .032*** (,005) .032*** (,005) .032*** (,005) -.014 (.021)
5 .032*** (.006) .032*** (,006) .032*** (,006) -.013 (.024)
6 .039*** (.006) .039*** (.006) .039*** (.006) -.020 (.028)
7 .039*** (.006) .039*** (.006) .039*** (.006) -.023 (.029)
8 .043*** (.006) .043*** (.006) .043*** (.006) -.054* (.031)
9 .043*** (.006) .043*** (.006) .043*** (.006) -.058* (.033)
10 .044*** (.007) .044*** (.007) .044*** (.007) -.080** (.036)
1*charter .005 (.013)
2*charter .005 (.015)
3*charter .002 (.017)
4*charter -.017 (.019)
5*charter -.004 (.021)
6*charter -.019 (.025)

cont. on next page...
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Years of
experience:

ELA

TPS and charter

TPS and
Standalone

TPS and CMO

Standalone and
CMO

)

(6

@

(8

7*charter

-.021(.026)

8*charter

-.052* (.028)

9*charter

-.065** (.030)

10*charter

-.088*** (,033)

1*standalone

.002 (.015)

2*standalone

-.009 (.018)

3*standalone

-.022 (.020)

4*standalone

-.046** (.022)

5*standalone

-.045* (.024)

6*standalone

-.059** (.029)

7*standalone

-.062** (.030)

8*standalone

-.097*** (.032)

9*standalone

-100*** (.034)

10*standalone

-124*** (,037)

1*CMO

.044* (.025)

.041(.029)

2*CMO

.084*** (,027)

.093*** (.031)

3*CMO

.090*** (.031)

112%** (.036)

4*CMO

.081** (.035)

126*** (.040)

5*CMO

141*** (,038)

186*** (.044)

6*CMO

120%** (.045)

179*** (.053)

7*CMO

111** (.048)

173%** (.056)

8*CMO

117** (.055)

214%** (.063)

9*CMO

.042 (.060)

142%* (.069)

10*CMO

.010 (.066)

134* (.075)

Student*years

5,162,399

Students

1,558,368

Teachers

32,326

Notes. Each column is a separate regression. The coefficients are reported with robust standard errors (clustered
at the school*grade*year level). All regressions include up to a cubic term of lagged achievement, both in the
same subject (math or ELA) and off-subject, student-level controls (age; race; gender; FRL status; SPED status;
ELL status; gifted status; class-level controls, which are student-level controls aggregated to the classroom

level, including lagged student achievement aggregated to the classroom level; school-level controls, which are
student-level controls aggregated to the school level, including lagged student achievement aggregated to the
school level; and grade*year and teacher*school fixed effects). We interact each covariate and fixed effect with an
indicator for either charter, standalone, or CMO, depending on the specification. “Experience” is the number of
years a teacher has spent in Pennsylvania public education and has been censored at ten years. The coefficients
are statistically significant at *10 percent, **5 percent, and ***1 percent levels.
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Table C10. Teacher mobility rates, by mobility type and sector

Charter
All TPS All CMO Standalone

Any mobility 1468 1369 .3481*** A4 .3237%**
Interdistrict mobility .0096 .0081 .0406*** .0338 .0431

Intradistrict mobility .0472 .0460 .0730*** .0936 .0654***
Intraschool mobility .0329 .0305 .0804*** .0982 .0738***
Role mobility .0097 .0087 .0310*** .0425 .0267***
Exit PA .0474 .0436 1231%** 1460 1147%**

Notes. Cells report proportions. See Mobility Pathways on page 12 for definitions. Sample includes all full-time
teachers teaching in K-12 Pennsylvania public schools during the 2008-09 through the 2015-16 school years (TPS
includes 113,471 teacher*year observations; charter includes 5,588 teacher*year observations; CMO includes 1,507
teacher*year observations; and standalone includes 4,081 teacher*year observations). The differences between
teachers in traditional and charter schools are statistically significant at *10 percent, **5 percent, and ***1 percent
levels (and are indicated in the "all charter” column); the differences between teachers in CMO and standalone
charter schools are statistically significant at *10 percent, **5 percent, and ***1 percent levels (and are indicated in
the “standalone” column).
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Table C11. Within-sector differences in teacher effectiveness, by teacher

mobility
Math VAM
m 2 3 @
Panel A. TPS
Interdistrict mobility -.004 (.0035) -.005 (.0035) -.006* (.0035) | -.009*** (.0034)

Intradistrict mobility

-.007*** (.0017)

-.007*** (.0017)

-.010*** (.0017)

-.008*** (.0018)

Intraschool mobility

-.009*** (.0019)

-.010*** (.0020)

-.010*** (.0020)

-.011%** (.0020)

Coefficients equal

Role mobility -.004 (.0041) -.004 (.0041) -.003 (.0040) -.004 (.0041)
Exit PA -.014*** (.0018) | -.014*** (.0017) | -.016*** (.0017) | -.016*** (.0017)
R? .0015 .0096 .0591 1632
EO‘ZL‘I‘S’::;?ez ut;St 0051 0054 0079 0079
Teacher*years 65,321

Teachers 23,945

Schools 2,312

Panel B. All charters

Interdistrict mobility -.014* (.0077) -.012 (.0078) -.005 (.0083) -.007 (.0085)
Intradistrict mobility -.005 (.0069) -.004 (.0069) -.006 (.0071) -.006 (.0073)
Intraschool mobility .003 (.0065) .003 (.0064) .003 (.0066) -.001 (.0069)
Role mobility .027** (.0124) .025** (.0119) .028** (.0117) .026** (.0119)
Exit PA -.008 (.0054) -.008 (.0054) -.008 (.0055) -.011* (.0056)
R? .0035 .0234 .0572 1265
Eo‘;af;‘:cel::t’;ne; ut;St 0376 0628 0396 0636
Panel C. CMO

Interdistrict mobility -.061*** (,0170) -.054*** (.0177) -.037** (.0177) -.045** (.0197)
Intradistrict mobility .001 (.0130) .006 (.0135) .000 (.0136) .003 (.0139)
Intraschool mobility .008 (.0125) .008 (.0121) .019 (.0125) .014 (.0125)
Role mobility .042 (.0279) .036 (.0251) .038 (.0251) .043 (.0265)
Exit PA -.026** (.0122) -.025** (.0119) -.028** (.0119) -.027** (.0122)
R? .0219 .0897 1207 1402
P-value from F-test: 0007 0024 0027 0032

Teacher*years 828
Teachers 500
Schools 39

cont. on next page...
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Math VAM
m (2 (3) @
Panel D. Standalone
Inter-District Mobility .001 (.0084) .001(.0085) .002 (.0093) .002 (.0093)
Intra-District Mobility -.012 (.0081) -.011 (.0081) -.011 (.0084) -.012 (.0085)
Intra-School Mobility -.002 (.0076) -.002 (.0075) -.006 (.0077) -.009 (.0081)
Role Mobility .015 (.0109) .012 (.0107) .017 (.0104) .010 (.0107)
Exit PA -.003 (.0059) -.004 (.0058) -.003 (.0060) -.006 (.0061)
R? .0016 .0158 .0580 .0580
zoveaflf‘:zef:t’;"e; UT:ISt 3762 4670 2433 1455
Teacher*Years 2,524
Teachers 1,333
Schools m
Year FE X X
District FE X
District*Year FE X
ELA VAM
(5) (6) ) (8)

Panel A. TPS

Interdistrict mobility

-.011*** (.0024)

-.011*** (.0024)

-.011*** (.0023)

-.010*** (.0022)

Intradistrict mobility

-.003** (.0011)

-.003** (.0011)

-.004*** (.0011)

-.004*** (.0011)

Intraschool mobility

-.006*** (.0012)

-.006*** (.0012)

-.007*** (.0012)

-.006*** (.0012)

Role mobility .001 (.0022) .001(.0022) .001(.0022) .001 (.0021)
Exit PA -.007*** (,0010) -.007*** (.0010) -.007*** (.0010) -.007*** (.0010)
R? .0on .0048 .0636 1894
zoveaf:c‘:ceief:t’;”e; ut:ft 0002 0002 0002 0009
Teacher*years 77,828

Teachers 28,191

Schools 2,311

Panel B. All charters

Interdistrict mobility -.005 (.0048) -.005 (.0048) -.002 (.0051) -.002 (.0052)
Intradistrict mobility -.004 (.0046) -.004 (.0045) -.005 (.0046) -.007 (.0047)
Intraschool mobility .000 (.0043) -.000 (.0043) -.001 (.0043) -.005 (.0045)
Role mobility .000 (.0066) -.000 (.0065) .005 (.0064) .004 (.0065)

cont. on next page...
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ELA VAM

(5 (6) ) (8)
Exit PA -.010*** (.0036) | -.010*** (.0036) | -.010*** (.0036) | -.010*** (.0036)
R? .0025 .0205 .0675 1437
Eo‘;af::jef;ct’?egjgf ¢ 3241 3401 1655 2926
Panel C. CMO
Interdistrict mobility -.021* (.0114) -.021* (L.0111) -.018* (.0105) -.024** (.0106)
Intradistrict mobility -.001 (.0067) -.001 (.0067) -.004 (.0068) -.004 (.0069)
Intraschool mobility -.002 (.0071) -.004 (.0070) .003 (.0069) .000 (.0072)
Role mobility .009 (.0112) .008 (.0112) .014 (.0111) .010 (.0122)
Exit PA -.013* (.0067) -.014** (.0065) -.015** (.0065) -.013* (.0067)
R? .0077 .0523 .0648 1138
(P:o‘:‘flf‘:jef:::"e:&:ft 1763 1718 0474 19
Teacher*years 886
Teachers 524
Schools 39
Panel D. Standalone
Inter-District Mobility -.001 (.0053) -.001 (.0053) .002 (.0057) .000 (.0058)
Intra-District Mobility -.007 (.0059) -.007 (.0059) -.006 (.0060) -.009 (.0061)
Intra-School Mobility .000 (.0055) .000 (.0055) -.004 (.0054) -.006 (.0056)
Role Mobility -.007 (.0081) -.007 (.0079) -.003 (.0075) -.003 (.0076)
Exit PA -.009** (.0042) -.009** (.0043) -.009** (.0043) -.010** (.0042)
R? .0026 .0171 .0734 1657
zo‘glf‘:g:::;"e; J:ft 5555 5396 5988 6627
Teacher*Years 2,644
Teachers 1,444
Schools m
Year FE X X
District FE X
District*Year FE X

Notes. Each column (within a panel) is a separate regression (the coefficients are reported with robust standard
errors in parentheses). See Mobility Pathways on page 12 for definitions. The comparison group includes
teacher*year observations (within a sector) that are not mobile at the end of the academic year. “District” is the
geographic location of the TPS district (that is, the funding district) in which charter schools are located. Sample
includes all full-time teachers teaching in K-12 Pennsylvania public schools in any school year during the 2008-09
through the 2015-16 school years. The coefficients are statistically significant at *10 percent, **5 percent, and ***1
percent levels.
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Table C12. Distribution of Non-Teaching Roles in the Year After Charter
Teachers Change Professional Roles in PA

Remain in Charter Sector

All Same School | Same CMO | New School TPS
Panel A. All Charter Teachers
Principal 0.02 0.02 0.00 0.05 0.00
Assistant Principal 0.16 0.13 0.38 0.27 0.00
Instructional Supervisor 0.48 0.48 0.15 0.55 0.75
Other Roles 0.34 0.37 0.46 0.14 0.25
Teachers 173 126 13 22 12
Panel B. CMO Charter Teachers
Principal 0.00 0.00 0.00 0.00 0.00
Assistant Principal 0.22 0.18 0.38 0.25 0.00
Instructional Supervisor 0.36 0.38 0.15 0.50 1.00
Other Roles 0.42 0.44 0.46 0.25 0.00
Teachers 64 45 13 4 2
Panel B. Standalone Charter Teachers
Principal 0.04 0.04 0.00 0.06 0.00
Assistant Principal 0.13 0.1 0.00 0.28 0.00
Instructional Supervisor 0.55 0.53 0.00 0.56 0.7
Other Roles 0.28 0.32 0.00 0.1 0.3
Teachers 109 81 0 18 10

Notes. Each cell represents a proportion. The sample includes all charter school teachers who left teaching

but remained in Pennsylvania public education in a nonteaching role in the subsequent school year (that is,
role mobility). Panel A includes all charter teachers; Panel B includes only charter teachers who left teaching
from a CMO; and Panel C includes only teachers who left teaching from a standalone charter school. “Same
school” refers to the proportion of teachers who left their teaching role and became either a principal, assistant
principal, instructional supervisor, or took on another nonteaching role at the school where they left teaching.
“Same CMOQ" refers to the proportion of teachers who left their teaching role and became either a principal,
assistant principal, instructional supervisor, or took on another nonteaching role within the same CMO but at

a different school. “New school” refers to the proportion of teachers who left their teaching role and became
either a principal, assistant principal, instructional supervisor, or took on another nonteaching role at a different
school. TPS refers to the proportion of charter teachers that left teaching and became either a principal, assistant
principal, instructional supervisor, or took on another nonteaching role at a traditional public school.
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Figure C1. Distribution of Teacher Effectiveness, by Sector and Subject

Panel A. Math VAM (All Charters) Panel B. ELA VAM (All Charters)
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Notes. Teacher value-added (VAM) estimates are from the 2008—09 through 2016—17 school years. In Panel
A, mean (standard deviation) Math value-added is .0013 (.088) for TPS teachers and -.0046 (.100) for charter
teachers; a two-sample Kolmogorov-Smirnov test for the equality of distribution functions rejects the null
hypothesis that math value-added for TPS and charter school teachers is drawn from the same distribution
(p<0.0001). In Panel B, mean (standard deviation) ELA value-added is -.0001 (.060) for TPS teachers and .0027
(.066) for charter teachers; a two-sample Kolmogorov-Smirnov test for the equality of distribution functions
rejects the null hypothesis that ELA value-added for TPS and charter school teachers is drawn from the same
distribution (p<0.0001). In Panel C, mean (standard deviation) Math value-added is .0085 (.114) for CMO teachers
and -.0091 (.095) for standalone charter teachers; a two-sample Kolmogorov-Smirnov test for the equality

of distribution functions rejects the null hypothesis that math value-added for CMO and standalone charter
school teachers is drawn from the same distribution (p<0.0001). In Panel D, mean (standard deviation) ELA
value-added is .0094 (.068) for CMO teachers and .0004 (.065) for standalone charter teachers; a two-sample
Kolmogorov-Smirnov test for the equality of distribution functions rejects the null hypothesis that ELA value-
added for CMO and standalone charter school teachers is drawn from the same distribution (p<0.0001). In

Panel A, there are 83,372 teacher*year observations and 27,718 unique teachers across 2,488 schools (TPS: 79,246
teacher*year observations, 25,806 unique teachers, 2,337 schools; charter: 4,126 teacher*year observations, 2,093
unique teachers, 151 schools). In Panel B, there are 97,925 teacher*year observations and 32,326 unique teachers
across 2,488 schools (TPS: 93,582 teacher*year observations, 30,248 unique teachers, 2,336 schools; charter:
4,343 teacher*year observations, 2,248 unique teachers, 152 schools). In Panel C, CMOs have 1,041 teacher*year
observations, 610 unique teachers, and forty-three schools; standalone charters have 3,085 teacher*year
observations, 1,542 unique teachers, and 114 schools. In Panel D, CMOs have 1,107 teacher*year observations, 641
unique teachers, and forty-three schools; standalone charters have 3,236 teacher*year observations, 1,676 unique

teachers, and 115 schools.
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Figure C2. Estimated Returns to Teacher Experience, by Subject and
Alternative Experience Censoring

Panel A. Math (Censoring at 10 and 15 Years) Panel B. Math (Censoring at 10 and 20 Years)
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Notes. Each panel presents nonparametric results for ten years of censoring and either fifteen or twenty years

of censoring, with a fitted quartic function overlaid on the nonparametric estimates. Panels A and C present
results for math and ELA at ten and fifteen years of censoring, and Panels B and D present results for math and
ELA at ten and twenty years of censoring. All regressions include grade*year and teacher*school fixed effects;

up to a cubic term of lagged achievement, both in the same subject (math or ELA) and off-subject; student-level
controls (age, race, gender, FRL status, SPED status, ELL status, and gifted status); class-level controls, which are
student-level controls aggregated to the classroom level, including lagged student achievement aggregated to
the classroom level; and school-level controls, which are student-level controls aggregated to the school level,
including lagged student achievement aggregated to the school level. See Appendix Table C7 for point estimates
upon which these figures are based.
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Figure C3. Estimated Returns to Teacher Experience, by Sector and Charter
School Type

Panel A. Math (by Sector) Panel B. ELA (by Sector)
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Notes. Each panel shows estimated within-teacher effectiveness across the experience distribution. The
estimated within-teacher effectiveness profile begins at year zero with the average value-added (VAM) for
novice teachers by sector. The estimated effectiveness profile relies on the within-teacher estimated returns to
experience (see Appendix Table C8). Each panel shows the estimated within-teacher effectiveness profile across
the experience distribution with a fitted quartic function overlaid on the nonparametric estimates. All regressions
include grade*year and teacher*school fixed effects; up to a cubic term of lagged achievement, both in the
same subject (math or ELA) and off-subject; student-level controls (age, race, gender, FRL status, SPED status,
ELL status, and gifted status), class-level controls, which are student-level controls aggregated to the classroom
level, including lagged student achievement aggregated to the classroom level; and school-level controls, which
are student-level controls aggregated to the school level, including lagged student achievement aggregated to
the school level. Average math value-added for novice teachers (that is, year zero) by sector and subject are as
follows: -0.0085 (TPS); -0.0213 (charter); -0.0302 (standalone); and -0.0015 (CMO). Average ELA value-added for
novice teachers (that is, year zero) by sector and subject are as follows: -0.0057 (TPS); -0.0045 (charter); -0.008
(standalone); and 0.0047 (CMO). See Appendix Table C8 for point estimates upon which these figures are based.
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CMOs are nonprofit organizations that operate multiple charter schools and often provide back-
office functions or other forms of support to individual schools. Standalone charter schools operate
independently, meaning they are not part of a larger management organization. Virtual charter
schools are omitted.
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