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Abstract

Most studies that have fueled alarm over the attrition and mobility rates of teachers have relied
on proxy indicators of teacher quality, even though these proxies correlate only weakly with
student performance. This paper examines the attrition and mobility of early-career teachers of
varying quality using value-added measures of teacher performance. Unlike previous studies,
this paper focuses on the variation in these effects across the effectiveness distribution. On
average, more effective teachers tend to stay in their initial schools and in teaching. But the
lowest performing teachers, who are generally the most likely to transfer between schools,
appear to “churn” within the system, and teacher mobility appears significantly affected by

student demographics and achievement levels.
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Teacher Career Paths, Teacher Quality, and Persistence in the Classroom

Introduction

The evidence that teacher quality is the key schooling factor influencing student outcomes
(Aaronson, Barrow, and Sander 2007; Goldhaber, Brewer, and Anderson 1999; Rivkin,
Hanushek, and Kain 2005; Rockoff 2004) raises significant concerns over teacher attrition and
sorting in public schools. In particular, research generally shows that the most academically
prepared teachers—measured by ACT scores, college selectivity, and degrees in technical
subjects—are most likely to leave teaching, and the most qualified teachers—measured by such
attributes as licensure status, the selectivity of the colleges from which they graduated, and their
performance on standardized exams—are most likely to leave high-poverty and minority schools
(Hanushek, Kain, and Rivkin 2004; Lankford, Loeb, and Wyckoff 2002).

When these patterns of sorting and attrition are coupled with evidence of a correlation
between teachers’ academic proficiency and student achievement (Clotfelter, Ladd, and Vigdor
2007; Ehrenberg and Brewer 1994, 1995; Ferguson 1991; Ferguson and Ladd 1996; Goldhaber
2007; Strauss and Sawyer 1986; Summers and Wolfe 1975), it is tempting to conclude that
public schools are losing many of their most effective teachers and keeping too many of their
least effective teachers. This conclusion, however, would be premature since a great deal of
evidence suggests that easily observed and quantifiable teacher attributes (credentials, test
scores, and so on) are only weakly correlated with student standardized assessment performance
(Aaronson et al. 2007; Clotfelter et al. 2007; Goldhaber and Brewer 2001; Gordon, Kane, and
Staiger 2006; Greenwald, Hedges, and Laine 1996). Moreover, recent studies that measure
teacher quality based on test score gains made by a teacher’s students have found that, on
average, more effective teachers tend to stay in the classroom (Hanushek et al. 2005; Krieg 2006;

West and Chingos 2008). Average trends, however, can mask important variation in behavior
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across teachers with different levels of effectiveness. Thus, it is worth examining differences in
mobility behavior and asking: “Are public schools keeping their ‘best’ teachers, and what
conditions predict who stays and who goes?”

We investigate these questions by studying the career paths of new elementary teachers
who began teaching in North Carolina in 1996-2002. Our six-year panel allows us to explore the
earlier career paths of teachers including transfers from one teaching position to another within
and between school districts, and exits from the North Carolina public school workforce. And,
because teachers can be matched to the students in their classrooms, we explore how career
transitions relate to a more direct measure of worker quality: estimates of teachers’ value-added
contributions toward student learning.

Our review of the literature finds only four papers that examine teacher mobility and its

99 ¢¢ 99 ¢¢

relationship with effectiveness (we use the terms “effectiveness,” “quality,” “productivity,” and
“job performance” interchangeably); all four find, contrary to expectations, that more effective
teachers were less likely to leave their schools, and most find that more effective teachers were
less likely to leave the profession. Krieg (2006) (the only study currently published by a peer-
reviewed journal) uses a single year of fourth-grade test scores merged with a panel of teacher
observations from Washington State to investigate the decision to leave the profession. He finds
that, on average, more effective female teachers (measured by value-added models) are less
likely than less effective females to leave the profession the following year. The effect is
negligible for males.

Hanushek and colleagues (2005) examine teacher exit and transfer behavior in a large

urban district in Texas and find that teachers who change campuses within a district, change

districts, or leave public education in Texas entirely are, on average, less effective than those



teachers who stay at the same campus. Interestingly, evidence suggests that exiting teachers are
of lower quality only in the year immediately preceding their departure. Similarly, Boyd and
colleagues (2007) find in their analysis of teachers in New York City that more effective teachers
tend to stay in the classroom.

West and Chingos (2008), in a descriptive analysis, reach a somewhat different
conclusion than the authors described above. These authors find that the best performing teachers
are more likely to stay in their initial schools than less effective teachers.! However, the Florida
state school system appears to lose its highest performing teachers at approximately the same
rate as their lowest performing teachers, with 40 percent of the highest performing teachers
leaving the system within five years.

These studies suggest a modicum of good news to those concerned with teacher mobility
and attrition: public schools are, on average, not “losing their best teachers.” These studies,
however, do not provide all the relevant detail we need to understand the relationship between
teacher effectiveness and mobility. For example, only West and Chingos (2008) directly examine
the propensity to leave schools at different points along the distribution of teacher effectiveness.
This is important if we are concerned, for instance, with whether school systems are retaining
their very best teachers and/or encouraging their least effective teachers to find an alternative
occupation—a question of great policy interest (see Gordon et al. 2006 and Hanushek
forthcoming). In addition, these studies do not fully conceptualize the factors that play a role in
teacher attrition. While they each focus on the organizational factors (e.g., student population
and school size), they do not directly consider important local labor market considerations such

as the marketability of teachers and conditions in the local teacher and external labor markets. As

" These authors did find that more than 70 percent of the most effective teachers move at least once in the first five
years of teaching.



we go on to describe in the next section, it is only through assessing all these issues that it is
possible to fully understand the ramifications of teacher mobility for schools serving different
types of students and the school system as a whole.

In the end we find, as others have, that the system’s most effective teachers are, on
average, more likely to stay in teaching, to stay in their current district, and even to stay in their
current school than less effective teachers. But a deeper look at the issue shows that the factors
predicting teachers’ moves vary across the effectiveness distribution in ways that are not ideal
for minimizing the loss of the system’s best teachers, especially from schools serving the most
challenged populations, or for minimizing the churn of its least effective teachers. Specifically,
our findings reinforce concerns some have expressed about how often the lowest performing
teachers are identified and removed from classrooms as opposed to just shuffled throughout the
education system (a phenomenon commonly referred to as “the dance of the lemons™).” They
also reinforce concerns that many highly effective teachers leave disadvantaged schools and that
those who have good opportunities outside the teacher labor market are enticed to leave the
profession.’

In the next section we provide a conceptual discussion of teacher mobility and the

relationship between teacher effectiveness and mobility.

Exploring Different Types of Teacher Mobility

We examine three types of teacher job moves: from school to school within a district, from

school to school between districts, and out of the North Carolina public school system. From the

? For a more thorough discussion on the need to and challenges of removing the least effective teachers from the
educational system by limiting tenure see Gordon et al. (2006) and Hanushek (forthcoming).

? Previous research by Hoxby and Leigh (2004) and Corcoran, Evans, and Schwab (2004) explore whether teachers
are “pushed” by the narrowing of pay within teaching or “pulled” from the teaching profession by increased
opportunities outside teaching. Unfortunately, the analysis in this paper cannot determine if the attrition from the
field we observe is a result of teachers being pushed or pulled out of the field.



schools’ vantage point, all three exits look the same: the teacher leaves the school. But there are
at least two arguments for more carefully considering the type of move that teachers make. First,
each type of move may be differentially motivated. Second, different types of moves have
different consequences for the educational system.

In the simple model we describe below, a teacher is motivated both by compensation and
nonpecuniary working conditions, but it is clear that different types of moves have very different
implications for these factors. A teacher’s within-district move may significantly change working
conditions due to a change in the context of his or her teaching (e.g., school demographics that
change from one school to the next). And, a significant amount of research shows that teacher
career transitions are sensitive to working conditions (Ingersoll and Smith 2003), which to some
extent can be proxied by the attributes of their students (Goldhaber et al. forthcoming; Guarino,
Santibanez, and Daley 2006; Hanushek et al. 2004; Lankford et al. 2002).

A within-district move may influence a teacher’s working conditions, but it will not result
in an improved salary since virtually all teachers are paid according to districtwide salary
schedules.® Cross-district moves, by contrast, may result in changes in both working conditions
and salary. These moves may also entail transaction costs associated with learning a new
curriculum and district culture and, in many cases, the cost of moving residences.’ Teachers
willing to bear the costs of moving to a new district are likely to either be seeking significant
salary changes, be seeking working conditions changes that cannot be satisfied based on a

within-district move, or are moving for an altogether different reason such as moving with a

* In general, collectively bargained teacher contracts place all teachers in a district on a common salary schedule. In
North Carolina, the teacher contract is bargained at the state level and applies to all teachers in the state. Even
though the contract allows some districts to supplement the salary schedule to compensate for different costs of
living across the state, North Carolina principals, as is typical across the country, do not have the flexibility to offer
individual teachers wage bonuses.

> In North Carolina, school districts are relatively large countywide districts, which increases the chance that an
across-district move will require that the teacher physically move residences.



spouse (Frank 1978). Given that moves within districts and across districts have different
implications for the teacher, it stands to reason that the factors associated with these two types of
moves differ as well. A similar case can be made when considering moves out of teaching. While
working conditions would be predicted to be an important factor in within-teaching employment
decisions, they may be completely irrelevant for the teacher who has concluded that “teaching
isn’t for me.”®

More than just being driven by different factors, these different move types are likely to
have very different impacts on the educational system. Exits from the system represent a loss to
the teacher workforce (that may or may not affect its overall quality), whereas teacher moves
within and across districts portend a possible redistribution of teacher quality within the system.’
Moreover, different types of moves imply different costs associated with recruitment, hiring and
selection, and acculturation of new staff, all of which can be substantial (Milanowski and Odden

2007).%

A Simple Model of Teacher Career Transitions

A simple model of utility maximization suggests that a teacher is more likely to remain in the

current teaching job if the expected lifetime benefits of doing so exceed those of moving to

8 We cannot directly observe whether those leaving the North Carolina public school system are leaving teaching,
but this is likely for the majority of these teachers. The national Schools and Staffing Survey found that
approximately 12 percent of teachers leaving schools for other schools actually cross state borders to continue
teaching. However, because one of North Carolina’s most dense districts lies along the state border, we do control
for a border location in all our analysis. More detail on how we control for location is given in the data and methods
sections.

’ This redistribution can have serious consequences for equity if high-quality teachers favor certain kinds of students
or schools and seeking out “better” assignments.

¥ The costly elements of hiring new staff include administrative costs of separating exiting staff and hiring new staff,
personnel and activities to engage in advertising and recruitment, district and/or school staff time to screen
prospective teachers, and, importantly, district and school resources to train new staff in the local curriculum,
instructional practice, and district approaches. Some authors argue that losses in productivity should also be included
in the overall cost of teacher replacement (Milanowski and Odden 2007). Depending on the specific district
circumstances (e.g., level of centralization, local salaries) and elements of turnover included in the estimate, studies
that estimate the cost of turnover derive costs ranging from $3,400 to tens of thousands of dollars (Milanowski and
Odden 2007).



another job or profession. For simplicity, imagine a case where individual i chooses among
various jobs, /, in order to maximize the present value of expected utility:’

max, pu'(T))], given j € {j}, (1)
Let 7; be the characteristics of job ;. 7 is a function of both compensation, C;, and other
nonpecuniary job factors, N; (these include, for instance, the demographics of students in school
N-

T, =f(C,N)) (2)

The compensation available for alternative jobs depends on the marketability of the

individual’s qualities including his or her training, experience, and skills (X).

C,=1(X) 3)
The marketability of certain skills will differ depending on the job being sought. A teacher’s
marketability may depend on some traditional teacher quality indicators such as certification,
graduate degrees, and teaching experience (Ballou and Podgursky 1997), even though value-
added models of student achievement suggest that some of these indicators poorly predict a
teachers’ effectiveness in the classroom (Aaronson et al. 2007; Clotfelter et al. 2007; Goldhaber
and Brewer 2001; Gordon et al. 2006; Greenwald et al. 1996; Kane, Rockoff, and Staiger 2007).
Typically, however, the labor market as a whole tends to reward measures of academic
proficiency, such as the selectivity of the individual’s undergraduate institution (Ballou 1996).

Individual i will opt to keep her current teaching job (j) if the utility associated with this

job exceeds that of the best alternative job less any costs of transferring jobs ui(k/ ):

pAu'(T,X)] > max . [pv[ui(T},Xi)]—ui(If,-): (4)

? This simple model ignores the demand side of the market. For a more comprehensive analysis of how teacher and
school-district preferences interact to produce a distribution of teachers across schools, see Boyd et al. (2005) or
Ballou (1996).



Given this framework, we might imagine the likelihood of leaving a teaching job would
vary along three dimensions: the relative compensation that teachers can command in an
alternative job (C), which is a function of the individual’s characteristics that determine
marketability (X); the relative value of nonpecuniary rewards of teaching and non-teaching jobs
(N); and the transaction costs associated with a job switch (7).

The model, not surprisingly, predicts that individuals would be more likely to leave their
current position as compensation for the alternative job rises. This conclusion is consistent with
empirical evidence showing that the relative financial rewards and job opportunities in and
outside teaching influence teacher attrition rates and the length of time teachers stay in the
profession.'® In addition, this model predicts that individuals would be more likely to leave as the
nonpecuniary factors associated with another job provide more benefits and when transactions
costs are lower.

The model offers some predictions for the relationship between teacher effectiveness and
mobility, but the specific predictions depend on the nature of the human capital that drives
effectiveness—whether it is job-specific, industry-specific, or more general''—and whether this
human capital is easily recognized by prospective employers.'> Specifically, if human capital is
primarily job-specific because, for instance, it depends heavily on the fit with colleagues or
unique instructional methodologies used in a school, then the model would predict
unambiguously that more effective teachers would be more likely to stay in their current schools.

The assumption here is that teachers would reap nonpecuniary rewards (i.e., have a higher value

12 See Baugh and Stone (1982); Brewer (1996); Dolton and van der Klaauw (1999); Greenberg and McCall (1974);
Murnane (1981); Murnane and Olsen (1989); and Stinebrickner, Scafidi, and Sjoquist (2007). There is also some
empirical evidence (Brewer 1996) that suggests NBPTS certification could affect the quit rates of non-NBPTS-
certified teachers by providing potential avenues for teacher career advancement.

"' See Becker (1962) for a discussion of specific versus general human capital.

12 Effectiveness, as we measure it, only affects marketability if our measure of it is consistent with performance
measures that can be observed by potential employers.



of N in the model above) from being more effective and may also be able to command higher
compensation, but they would not be more marketable in other schools or outside teaching."

The predictions are less clear if there are industry-specific or general components to
human capital. In the case of industry-specific human capital, more effective teachers will enjoy
the nonpecuniary rewards (/) in their current school, or in an alternate school, but their skills (X)
would also make them more marketable in the feacher labor market. Here the model predicts that
more-effective teachers will be less likely to exit teaching but it is unclear whether the
satisfaction with the current job will be enough to offset satisfaction from alternative teaching
jobs or potentially greater compensation in an alternative teaching job (note that teachers would
have to switch school districts to increase their base salaries).

For the third case, in which a teacher’s effectiveness reflects general human capital, the
model offers even less guidance. In this case, a good teacher would be expected to be effective in
alternative occupations, implying that she would also have greater out-of-teaching marketability.
Here then the model offers no clear predictions about the transfer or exit of teachers given their
effectiveness. A teacher’s decision to transfer or exit will depend on which end of the scale (the
rewards of teaching or teaching in the current school versus compensation from alternative jobs)

carries more weight.

Analytic Approach

The data for this study are collected by North Carolina for administrative purposes and include
detailed information on schools, teachers, and students. For example, the data include school-

level information on the percentages of free and reduced-price lunch (FRL) recipients, the

' While districts typically pay all teachers by a standardized schedule, which makes all within-district compensation
the same for a given experience and education level, teachers can still receive supplemental compensation for taking
on additional responsibilities, such as overseeing extracurricular activities.



percentage of African American students in schools, and each school’s average math
performance.'* At the teacher level, the data include information on race and ethnicity (indicator
variables for African American, Hispanic, and all non-Hispanic, non—African American
teachers); gender; measures of academic and professional credentials such as a teacher’s degree
attainment (master’s or higher); the average SAT score at a teacher’s undergraduate institution, a
teacher’s pre-service licensure exam score; and a variable indicating whether she has earned
National Board of Professional Teaching Standards (NBPTS) certification. Finally, there is
information on students including race and ethnicity, gender, free and reduced-price lunch status,
and performance on the end-of-grade state assessments that are vertically aligned and designed
to measure student growth.

Importantly, the data also include links between teachers and the students—information
we use to estimate measures of teachers’ effectiveness. We restrict the data to teachers and
students in the elementary grade level (grades 4—6) because we are more confident at this level
that the teacher-student links provide good matches of students to their classroom teachers."

We also restrict our sample to teachers who entered the North Carolina public school
system between the 1995-96 (hereafter 1996) and 2001-02 school years in order to avoid left
censoring, which occurs when the start date for an observation is unknown.'® Our focus on early-

to mid-career teachers includes the period when attrition out of the occupation is highest. As is

' These variables have all been shown to be correlated with teacher attrition (Guarino et al. 2006; Hanushek and
Rivkin 2004; Lankford et al. 2002).

' The North Carolina data link students to teachers by identifying the teacher who is proctoring the students’ exam.
To ensure that we have accurate links between students’ assessments and the teacher primarily responsible for the
instruction of these students, we limited our sample to elementary teachers who are listed as having taught a “self-
contained class,” meaning the teacher was the sole instructor of core academics for the students in her class. In so
doing, we avoid attributing student assessments to teachers who only instructed the students in select classes.

'® Our dataset includes observations from 1995 through 2003. The first year is dropped because we want to observe
who has entered the system (i.c., those not present in 1995 but present in 1996). The last year is dropped because we
need to record the mobility decision in the last year of our analytic sample (2002), which requires that we observe
the teacher’s school assignment in 2003 relative to 2002.
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apparent in national trends (Ingersoll and Smith 2003), the most rapid loss of teachers in our
sample also occurs in the early years (between year 1 and 4) with 25 percent of teachers exiting
the North Carolina system within the first four years of teaching. Focusing on the early- to mid-
career cohorts also eliminates the complication of modeling the retirement of teachers.

The longitudinal nature of these data allows us to identify the movement of teachers
across schools and out of the North Carolina system, but an important limitation of the North
Carolina data is that we do not know what happens to teachers who exit the system. In most
cases, these are likely exits from teaching and education altogether; however, it is also possible
that teachers are leaving the labor market entirely or leaving the North Carolina public system
for a teaching job in private schools or in another state.!” North Carolina shares borders with four
other states, and one of its largest districts (Charlotte-Mecklenburg) is along a state border. So, to
account for the possibility that mobility (especially exit from the system) may differ for teachers
in districts on the state border, we include indicators for districts along the state border in all
models.

The above schooling data are combined with local labor market information retrieved
from the Bureau of Labor Statistics to capture local labor market conditions and geographic
information on the concentration of schools from the Federal Common Core of Data. These
include measures of county-level unemployment and average wage rates.'® In addition, we add a

measure of the concentration of schools: the number of schools within five miles of the current

7 Evidence from the National Center for Education Statistics’ Teacher Follow-up Survey suggests that most moves
out of a state system are due to teachers leaving the profession (only 12 percent of teachers who left their state’s
public school system after the 2000-01 school year were still teaching in either a private school or a public school in
another state).

'8 County unemployment and wage information is included to capture the local labor market conditions and assess
the opportunity costs of teaching. Ondritch, Pas, and Yinger (2008) find that teachers in upstate New York are less
likely to leave teaching when their salaries are higher relative to local non-teaching wages.
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school, which may indicate the opportunity costs associated with teacher moves to other schools
within a district.

Given that it is common to find systematic differences in labor market behavior for men
and women (Keith and McWilliams 1997), we estimate transitions for men and women
separately. For simplicity we report only estimates from women, who make up almost 85 percent
of the elementary teachers in North Carolina." In total, the 1996-02 sample of women included
30,564 person-year observations from 9,027 different teachers: 3,192 cases of transferring
schools within the district (by 2,588 different individuals), 2,649 cases of transferring teaching
positions to a new district (by 2,185 different individuals), and 2,442 cases of exiting the system.
In total, 34 percent of female teachers in our sample never move schools, 38 percent transfer but
never exit, and 28 percent exit. The number of different teaching positions ranges from one to
five, with 66 percent of female teachers having made at least one move or exit from the
classroom.

To give a sense of who is making each type of move each year in North Carolina, table 1
reports sample statistics for four possible outcomes for (1) those who remain in their original
schools as teachers, (2) those who move to another public school teaching position within their
original school district, (3) those who move to another public school teaching position in a
different district in North Carolina, and (4) those who leave the North Carolina public school
system for the year 2002.

As can be easily seen, on average, the least effective teachers are those who exited the
system, closely followed by the teachers who move districts; the most effective teachers tend to
stay in their current job. A relatively high share of all teachers are located in districts that border

South Carolina, and just over a quarter of all teachers who exited the system in this year left from

1% Results from the sample of men are available upon request.
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districts on this border; this demonstrates the importance of controlling for border districts in our
more detailed analysis.

Interestingly, teachers who exited the North Carolina system in 2002 did not come from
markedly more selective undergraduate colleges, nor were they more likely to have advanced
degrees. They were, however, more likely to leave schools with a higher percentage of students
receiving free or reduced-price lunches, higher percentages of African American students, and

lower achievement in math.

Measuring Teacher Effectiveness
We measure a teacher’s effectiveness based on value-added model (VAM) estimates of her
contribution toward student achievement on standardized tests.”’ There is no universally
accepted method for calculating a teacher’s value-added contribution, and research shows that
methodology and context can influence the measure (Ballou, Sanders, and Wright 2004;
McCaffrey et al. 2004; Rothstein forthcoming; Rubin, Stuart, and Zanutto 2004; Tekwe et al.
2004). In recognition of this we employ two different VAM specifications and test whether our
mobility models differ depending on the specification we employ.

The primary specification we use is:

Vi =at+t O +d +g (4)
In this model, student i's achievement in class j in year t is a function of student i fixed

effects, ©;, and teacher-specific fixed effects for each class j, ®;. From this equation, the

predicted values of the teacher-specific effects (®;) are used as measures of teacher

2% This measure of teacher quality is controversial as these scores are measured with error (Gordon et al. 2006;
McCaffrey et al. forthcoming), and are potentially compromised by complications from matching and lagged effects
(Rothstein 2009).
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effectiveness, which we standardized at the state level. In an alternative specification we replace
student fixed effects with a measure of prior student achievement and student covariates.”' The
correlation between the two teacher effectiveness scores in our data is 0.509, and we generally
find little qualitative difference in our models across these two teacher effectiveness measures;
so, we only report the results from (4). (Results based on this alternative measures are available

from the authors upon request.)

Modeling Teacher Transitions
We employ competing risk models to estimate the risk that individual teachers leave their current
teaching position given their own characteristics and the characteristics of the school in which
they teach.* Hazard models are conceptually appealing for studies of teacher movement and
attrition. They measure the risk of changing schools or leaving teaching given the length of time
the teacher has been with a school or in the school system, which we count in one-year
increments. Accounting for time is important because we know that new teachers are
substantially more vulnerable to moves and exits than more established teachers. These models
also provide some flexibility with our data by allowing us to analyze the movement of teachers
without necessarily viewing the entire career of all teachers. That is, we can describe career
movement with censored data. Finally, the models allow the effects of the explanatory variables
to differ depending on the type of move the teacher makes.

We build all our analyses from a basic, discrete time, hazard model (equation 5), which
defines an individual’s odds of leaving the position as a function of a baseline hazard function

(Mo(1)) and a series of covariates (Xj) that would include measures of the teacher’s quality,

2! Specifically, we regress student achievement in year 7 on cubic ¥ of achievement in the previous year, a vector of
observable student characteristics Xj; and teacher fixed effects as specified in below:

v, =a+fY 40X +D £

*? In some model specifications we include a measure of the average number of FRL students in the classroom.
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teacher’s background characteristics, labor market conditions, and school and classroom
characteristics.”> All models account for a teacher being located in a district along a state border

and basic teacher demographics.

ﬂnxin

K
h(t)=4 (t)eg (5)

We estimate these models with conditional maximum likelihood logit. We represent time
as discrete because the school year provides the field with an annual hiring cycle during which
most new hires, transfers, or exits occur.’* Because a teacher’s stay could result in one of three
primary outcomes (transferring to a new school within the district, transferring to a new school
outside the district, or leaving the North Carolina system),” we extend equation 5 to account for

the j “competing risks” in equation 6:
Kk
logith; (t)=a; (t)+ Y B;X;; wherej=1,2,3 (6)
n=1

We estimate these competing risk models with separate logit regressions>® and report robust

standard errors to account for clustering at the school level.”” Since teachers can at times stay

2 For computation, equation 5 is often rewritten as the log hazard:
K
Inh (t)=a(t)+ > B, X, » where a(t)=In2, (t)
n=1

* Since some teachers do transfer, exit, or begin their careers mid-year, we also estimated all the models using log-
log models for continuous time. Results from these models qualitatively parallel the results provided in this paper’s
discussion. However, because we wanted to test our mobility models controlling for school fixed effects—
something that cannot be done with the log-log models—we opted to present the results of the logit models.

> Moving to administration is a fourth possible outcome. However, we found that only 112 teachers in this yearly
career sample actually moved to administration. With so few making this move, we found that the models of moves
to administration could not converge. To focus the paper on the moves of greatest importance for our sample, we
have opted not to report models that estimate the hazard of moving to administration. However, when we estimate
the likelihood that a teacher leaves their school by any move type, we do include teachers who end a teaching spell
with a move to administration.

% We estimate these models separately for each move type instead of using a multinomial logit, which estimates all
move types simultaneously. Allison (1995) reports that doing so results in a slight loss of precision in the estimates,
but separate estimates allow us to more easily present and describe results for different move types and potentially
specify models for the different move types differently.

2" We also estimated models with school fixed effects. We found very little difference in the results.
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while other times move and/or exit, individual teachers can be identified as stayers, movers, or

exiters at different points in their career.

Results

We begin by noting that teacher mobility, in and of itself, is not necessarily problematic. For
example, if a teacher leaves a school to find a better fit in a different school, implying greater
productivity, it may benefit the system overall. Likewise, the attrition of the weakest teachers
from the profession may well be beneficial. Mobility and attrition becomes more problematic
when, for instance, highly productive teachers leave the field or opt out of disadvantaged schools
in large numbers or when ineffective teachers float around the system, moving from school to
school. As we argued earlier, some of the most important questions about teacher mobility and
attrition require that we examine how the factors associated with teacher mobility vary across the
teacher effectiveness distribution.

Recall that we are focusing on three distinct types of moves: within-district moves,
across-district moves, and exits from the North Carolina public education system. Understanding
the complexity of these results, we structured the results discussion in the following manner.
Each move type is described in a separate subsection below. Within each subsection, we briefly
discuss the relationship between teacher effectiveness and teacher moves, then address three
issues: (1) how labor market factors relate to teachers’ moves, (2) how school contexts relate to
teachers’ moves, and (3) whether and how these effects differ across the effectiveness

distribution.?®

*® Quintile ranks were determined from the complete sample of teachers in the state and not just the early career
sample used in these analyses.
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Teacher Effectiveness and Within-District Moves
We begin our analysis of teacher transfers by first focusing on a teacher’s odds of moving
between schools within a school district. The estimated coefficients from the competing hazard
models for within-district moves are presented in table 2. The table includes four model
specifications. The first specification (column A) includes a continuous measure of teacher
effectiveness (estimated by equation 4) as well as individual teacher characteristics (including
years of service), variables designed to account for labor market factors that influence a teacher’s
other job options and marketability; variables describing school context. This specification most
closely parallels those typically estimated in the existing empirical literature. Since it is possible
that a teacher’s mobility will relate to aspects of his or her school that cannot be directly
observed such as school working conditions (Ingersoll 2001), we estimate a second model
(column B) that adds school fixed effects to the column A specification. This fixed-effects
model controls for all constant observed and unobserved aspects of the school. In specification
three (column C), we replace the continuous measure of teacher effectiveness with a vector of
indicators identifying in which quintile of the effectiveness distribution teachers fall. This
specification allows for a nonlinear relationship between teacher effectiveness and teacher
moves. Finally, our fourth specification, presented in the lower panel of table 2, interacts these
quintile rankings with the labor market and school context variables, allowing us to see variation
across the effectiveness distribution.

On average we find that the odds of leaving a school for another school in the same
district decline as teacher effectiveness increases; this finding is squarely in line with the four
studies described earlier. Specifically (based on estimates provided in column A of table 2), the

odds of transferring between schools within a district decline by 11 percent when estimated
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teacher effectiveness increases by a standard deviation.”” While we do not show these results, we
add the labor market and then school context variables to the model separately and test whether
their joint addition adds explanatory power to the model. And although each set is statistically
significant,* their addition has almost no impact on the teacher effectiveness coefficients.

In terms of the labor market variables, we would expect that credentials that signal
quality to the internal teacher labor market are correlated with within-district moves, since these
credentials might give teachers more bargaining power and job options.’' Similarly, a high
concentration of schools nearby for most teachers would signal a large number of job options
with minimal transfer costs, so we would expect within-district transfers to increase with the
concentration of schools. In general our findings are consistent with these hypotheses. For
example, the odds of a within-district move significantly increase when a teacher is NBPTS-
certified (56 percent) or holds an advanced degree (17 percent). Both results are consistent with
previous research (Goldhaber and Hansen 2009; Hanushek et al. 2004). In addition, a high
concentration of schools locally has a small but statistically significant and positive effect on the
odds of a within-district move.*>

The extent to which school conditions lead to the clustering of the most-effective teachers
in the most advantaged schools is a critical issue in teacher mobility research. If the most
effective teachers are more likely to leave the most challenging students and schools, teachers

will be inequitably distributed across schools—something that a significant body of evidence

¥ The coefficients reported in the tables reflect the log odds of transferring. In the text, we have converted these log
odds into the percent change in odds based on the following equation:

% change in odds = 100(e” — 1) where B is the estimated log odds coefficient.
3% The chi-squared log likelihood test for adding the labor market variables was 718.1 for eight degrees of freedom
while adding in the school context variables yielded a chi-square of 152.6 for six degrees of freedom. We cannot
reject the addition of these variables.
3! The empirical evidence on whether various teacher credentials are in fact signals is, however, weak. The teacher
quality literature, for example, has not found a consistent association between teachers’ degrees and effectiveness in
the classroom (Goldhaber and Brewer 1997; Greenwald et al. 1996; Hanushek 1997).
32 An additional school within five miles increases the odds of transferring within the district by 0.9 percent.
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suggests is the case (Goldhaber et al. forthcoming; Guarino et al. 2006; Hanushek et al. 2004;
Lankford et al. 2002). We find that North Carolina’s elementary teachers do tend to leave
schools that are larger and/or lower performing. The odds of transferring to another school in the
district increases by just under 1 percent with each additional 10 students enrolled and increase
by about 9 percent with a one standard deviation decline in the school’s math score.

Interestingly, the percentages of FRL and African American students do not significantly
predict within-district moves. While within-district moves do not systematically relate to the
levels of FRL and African American students in a school, many teachers view their school’s
contexts as they relate to other schools around them. When we compare the relative disadvantage
of schools within districts using the within-district standardized percentage of FRL (Z score
FRL) and percentage of African American students (Z score African American), we find that
teachers in schools with relatively high concentrations of African American students are more
likely to transfer (5 percent with each additional standard deviation) to new schools in the
district.”® This result falls in line with previous analysis on teacher’s mobility and the racial
composition of schools (Hanushek et al. 2004; Jackson 2009).

We might expect that teacher mobility would relate to unobserved conditions in schools.
To account for this, we include school fixed effects in the model (shown in column B).** The
coefficient on teacher effectiveness and the coefficients on the labor market variables are

virtually unchanged after adding the school fixed effect in column B.*

33 While it seems reasonable to expect that these school-level effects will be overshadowed by the teacher’s own
classroom conditions as principals reward better teachers with more advantaged classrooms (Player forthcoming;
Rothstein forthcoming), we did not find this to be the case. Instead, in a separate analysis that uses a subset of
observations with classroom-level student demographic information, we found that controlling for the concentration
of FRL students in a teacher’s individual classroom slightly improves the fit of the model but does not eliminate the
school-level effects.

** Since the geographic location of districts on the state’s border does not differ over time, these factors have been
dropped from the school fixed effects models.

3 While some coefficients on the school context differ from the model in column A, it is important to note that these
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How do findings differ along the teacher effectiveness distribution?

As we discussed above, important variation may be lost in the models that assume that the
relationship between teacher effectiveness and mobility is linear (as in columns A and B). We
test this explore this variation first with a model specification that includes variables for the
quintile of effectiveness for each teacher (the middle quintile is the reference category) in
column C of table 2.

The model with indicators for the quintile of teacher effectiveness shows that the odds of
exiting are similar for teachers in the second through fourth quintiles of effectiveness. Only
teachers at the extremes show statistically significant differences in the odds of transfer. The
least effective teachers are more likely to transfer to new schools in the district than teachers in
the middle of the effectiveness distribution; the most effective teachers are less likely to make
within-district transfers relative to teachers in the middle of the effectiveness distribution.

We extend the analysis to see how the labor market and school contextual factors vary
across teachers with different levels of effectiveness in the lower panel of table 2. This final
specification includes interaction terms between quintile of effectiveness and the various labor
market and school context variables.

Looking across the columns from the lowest quintile of effectiveness to the top quintile in
the lower panel of table 2, there are some interesting differences in the factors that affect teacher
within-district mobility but few consistent patterns. For instance, having an advanced degree
corresponds with the within-district transfer of teachers in the second, third, and fourth quintiles

but not teachers in the lowest or highest quintile. Also, we clearly see that both the most effective

coefficients in column B are identified by within-school (over time) variation in these variables, which is limited.
3% We also explore the issue of nonlinear effects by estimating models that include the squared and cubic of the
teacher effectiveness measure. The cubic terms were not significant in any models while the squared term was
significant in the models of exits. These results are not presented in this paper but available upon request.
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and least effective teachers are more likely to transfer to other schools in the district when

teaching in lower performing schools.

Teacher Effectiveness and Moves between School Districts

In this section, we turn our attention to a second form of teacher transfers: transfers across
district lines. As explained above, issues such as the costs of moving and learning a new
district’s culture and curriculum make these transfers somewhat different propositions than
transfers within district. In this section (and in the next), we use the same four specifications as
we did in our analysis of transfers within districts.

The results (given in table 3) show, again, that more effective teachers are, on average,
less likely to leave their school for a school in another district. For example, the odds of
transferring across districts decline by 12 percent with an additional standard deviation of
effectiveness. As with the models of moves within districts, this result remains unchanged as we
add a school a fixed effect (column B).*” In addition, the specification that explores a nonlinear
relationship between effectiveness and teachers transfers out of district given in column C
mirrors what we saw for transfers within districts. Teachers in the middle of the distribution are
not statistically different from each other, while the least effective quintile of teachers shows
greater odds of transferring districts and the most effective quintile of teachers shows lower odds
of transferring districts.

Where the models of transfers within and across districts differ is in the effect of labor
market and school context factors. For brevity, we focus our discussion on how these results

differ from those seen in the model of transfers within districts. Whereas advanced degrees and

37 As in the models of within-district transfers, we built up to the specification presented in column A by first jointly
adding the labor market factors then the school context factors. In doing so, we found that these factors improved the
overall fit of the model but changed the coefficient on the teacher effectiveness variable very little.
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NBPTS certification mattered for within-district moves, college selectivity and local
unemployment rates predict increases in transfers across district boundaries. We also find that
teaching in an area with a high concentration of schools lowers the risk of transfers across
districts, a result that confirms our hypothesis that a greater number of local options reduces the
odds that a teacher seeks a position outside her current district.

Just as we were concerned with whether the best teachers leave disadvantaged schools for
new schools within their district, we are also concerned with whether they leave disadvantaged
schools for new districts. In addition to high enrollments and higher within-district FRL
concentrations (two effects seen in the models of within district transfers), the overall
concentration of both African American students and FRL students are associated with higher
odds of transferring to new districts.*® Unlike the within-district models, the school’s math score

does not significantly predict across-district transfers.

How do findings differ across the teacher effectiveness distribution?
The lower panel of table 3 provides estimates from a model that allowed the effects of labor
market and school context factors to vary across effectiveness quintiles.”” Again, we focus
primarily on how these results differ from what was seen in the models of within-district
transfers.

Focusing on the labor market factors, we observe that a teacher graduating from a more
selective college corresponds with a greater odds of moving between districts for the lowest and

second quintile of teachers. But, the specifications that allow exploration of whether the

¥ None of these effects are particularly large; increases in the odds of transferring are about 5 percent with a 10
percent increase in FRL or African American students and only 0.2 percent with a 10 student increase in enrollment.
As was the case in the models of within-district transfers, accounting for the teacher’s classroom context does not
eliminate the effects of the school-level conditions on teachers’ odds of transferring districts.

¥ As above, we were able to reject the assumption of a linear relationship between teacher effectiveness and
mobility.
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strongest teachers are more likely to pursue a district move from disadvantaged contexts show
that no school context factors correspond with odds of district moves for the most effective
teachers. A higher concentration of African American students corresponds with a greater odds
of district moves by teachers in the fourth quintile, but this effect is very small and only

significant at a 10 percent level of confidence.

Teacher Effectiveness and Exits from the North Carolina Public School System

Teachers leaving the North Carolina public education system reflect a net loss of public school
teacher resources to the state. To the extent that North Carolina loses its best teachers, these exits
may reflect a productivity loss for the system as well. Our third set of models uses the same
specifications as above to explore the exit of teachers from the North Carolina public education
system. These specifications, given in table 4, in the end show that, on average, the most
effective teachers are the least likely to exit the system.

As seen in table 4, column A, the odds of exiting the system decline by 23 percent with
each additional standard deviation of effectiveness. As before, this effect persists even after
accounting for school fixed effects (see table 4, column B).

Looking at the relationship between school context factors and exits from the system, we
again see that an assortment of factors including enrollment, the concentration of FRL students,
and the within-district standardized concentration of African American students all correspond
with increases in the odds of exiting the system. The one notable difference in our models of
teacher exits from the system is that a high concentration of FRL students relative to the rest of
the schools in the district corresponds with /ower odds of exiting the system.

As our conceptual model suggests, there is good reason to think that the labor market

factors predicting the exit of teachers will differ from those predicting the transfer of teachers.
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However, before addressing this issue, it is worth noting again that we do not know the reason
for an exit: it may be because a teacher is accepting another job in the same occupation in a
different state, because a teacher is taking a job outside teaching, or because a teacher is leaving
the labor market altogether. In the discussion that follows, we focus mainly on the likelihood that
teachers are leaving the North Carolina system for a nonteaching job.

If the decision is to stay in teaching or leave for another occupation, the chance that a
teacher will leave the system depends on whether the teacher displays qualities that are desired in
the external labor market and the relative compensation and benefits of teaching and
opportunities in the external labor market. Estimates from table 4 show that college selectivity
and pre-service licensure exam scores are significant predictors of the likelihood of teachers
leaving the North Carolina system. For example, the model suggests that teachers who graduated
from colleges where the average entering freshman SAT score is 1,000 are 26 percent more
likely to leave the North Carolina system than are teachers graduating from colleges where the
average entering freshman SAT score is 900. Similarly, the odds of exiting the system increases
by about 11 percent for each additional standard deviation in the pre-service licensure exam
score.

The finding on college selectivity is not surprising since this is likely to be a commonly
used screen for job applicants, but it is somewhat curious to find that licensure exam scores were
significant since employers external to teaching would be unlikely to ask about these. There are,
however, two potential explanations for the findings: teachers may be leaving North Carolina for
an out-of-state teaching position; or pre-service licensure exam performance may be a good
measure of, for instance, cognitive ability or other skills that are observed and valued by

employers outside the education system.
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The finding that the external market appears to more highly value measures of academic
competence like college selectivity and test performance is consistent with research on
distribution of individuals across occupations (Ballou 1996), which finds that graduates from

more selective colleges receive smaller pay premiums in teaching than in other occupations.

How do findings differ along the teacher effectiveness distribution?
Just as we were concerned with the variation in teacher transfer behavior across the effectiveness
distribution, we also argued that we might expect teachers’ exit (from the North Carolina system)
behavior to relate to their effectiveness levels. And, consistent with both within-district and
across-district transfers, we find that the attrition patterns for teachers in the middle of the
effectiveness distribution are similar while the top and bottom quintile teachers are more likely to
exit than those in the middle (see table 4, column C). One factor that might be driving the
findings, particularly at the bottom of the effectiveness distribution, is school district
administrators encouraging ineffective teachers to leave teaching. We cannot directly test this
hypothesis, but we can see whether the results differ for teachers who are tenured (and therefore
far more likely, given the job protections that come with tenure, to be leaving on their own
accord). Tenure in North Carolina is achieved after four years of continuous service, so to test
this possibility, we estimate models (available upon request) restricted to a subsample of teachers
that have five or more years of service. The findings with this subsample differ little for the key
coefficients of interest, suggesting that our findings are unlikely to be driven by teacher pre-
tenure exits.

Turning to the interactions between effectiveness and the labor market and school context
variables (shown in the lower panel of table 4), we see that the effect of college selectivity does

not vary much across the effectiveness distribution. The pre-service licensure exam score, by
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contrast, varies in both magnitude and statistical significance across the effectiveness distribution
but lacks an intuitive or consistent pattern. The least effective teachers appear slightly more
sensitive to school context than more effective teachers. For example, the percentage of FRL
students predicts greater attrition from the system across for all but the fourth quintile of

teachers, but only the least effective teachers appear sensitive to a school’s math performance.

Policy Implications and Conclusions

At the beginning of this paper, we argued that, when focusing on teacher attrition, it is important
to consider both the type of exit and whether the influence of individual teacher, school, and
labor market conditions for teachers vary across the effectiveness distribution. Consistent with
the broad story from prior research, we find that more effective teachers are less likely to leave
their schools and/or the public school system. But we argue that the complex results we report in
the prior section also offer some more nuanced lessons.

To help explore these policy issues, table 5 summarizes the key results by displaying the
predicted probably of moves and exits across the effectiveness quintiles for teachers under
several scenarios. The first row displays the predicted probably of moves and exits across all
teachers displaying average characteristics in each quintile. The next two rows illustrate the role
of school context factors in teachers’ mobility by comparing the probability of moves and exits
from schools with advantaged and disadvantaged contexts. Advantaged schools are those in the
lowest quartile for enrollment, percent FRL, and minority (both overall and within districts), and
the highest quartile for math scores. Disadvantaged schools are on the flip side of all these
factors. Finally, last two rows illustrates the role of teachers’ external marketability by
comparing the predicted probably of moves and exits between teachers with varying individual

characteristics. We characterize high marketability by teachers who graduate from colleges in the

26



top quartile for college selectivity and have top-quartile pre-service licensure exam scores. Low
marketability is defined as teachers falling in the lowest quartile for college selectivity and pre-
service exam scores.

There are arguably three key findings. First, there is a considerable amount of churn of
ineffective teachers in the system; a finding consistent with the colloquial phrase “the dance of
the lemons.” Looking at the simulation based on our empirical models of mobility provided in
the first row of table 5, the least effective teachers have the highest predicted probability of both
moving schools within districts and moving to new schools across districts.

Despite being relatively ineffective, these teachers found jobs in other schools.*’ If
policymakers are interested in minimizing the churn of the least effective teachers, they might
devote efforts to incorporate measures of teacher’s effectiveness as part of the portfolio of
information when making tenure decisions (Gordon et al. 2006; Hanushek forthcoming) and/or
consider ways to provide more thorough information on teacher effectiveness to hiring
officials.*!

The churn of the least effective teachers, however, is not the only concern. The second
and third rows of table 5 show that teachers, across the effectiveness distribution, are far more
likely to leave schools serving disadvantaged and underperforming student populations than
more advantaged and higher-achieving populations. Even though, as our model of teacher
mobility suggested, challenging school contexts do not seem to drive the most talented teachers

out of the field, many of these teachers do seem to seek out better school contexts. The

** Hanushek et al. (2005) also raised concern about the quality of hiring decisions when they found that advantaged
schools in a Texas district, despite having fewer minority students and offering higher salaries, did not seem to
exploit this advantage to hire more effective teachers.

' See Strauss et al. (2000) for a discussion of the principal hiring practice and possible improvements.

27



probability that a teacher in the highest quintile moves to a new school in the district from a
disadvantaged school is 0.13 versus 0.08 for teachers in advantaged schools; the probably that
this teacher moves to a new school outside the district from advantaged and disadvantaged
schools is 0.10 and 0.06. These findings are not new. The flight of new teachers from arguably
more difficult school settings has been well documented (e.g., Lankford et al. 2002). But these
results reinforce those findings and show that they hold even for the most effective teachers.
Clearly the results suggest a need to address this issue, perhaps as some have suggested through
targeted incentives to keep effective teachers in challenging schools (Kirby, Berends, and Naftel
1999; Clotfelter et al. 2006).

Finally, a significant amount of research suggests that college graduates with high
standardized test scores are less likely to become teachers (Goldhaber and Liu 2003; Hanushek
and Pace 1995; Henke et al. 1996; Hoxby and Leigh 2004; LakDawalla 2001) and are more
likely to leave teaching (Murnane and Olsen 1990). These findings have fueled the concern that
the rewards of teaching are not enough to attract and keep the most talented graduates. While our
theory predicts that relatively weak teachers, finding only minimal nonpecuniary rewards from
teaching, will readily leave teaching if their background is attractive to outside employers, our
theory offers no clear prediction for teachers who are both strong teachers and attractive to
outside employers. Do teachers who are both effective and marketable stay, enjoying the rewards
of their success in teaching, or do they leave, seeking better professional opportunities or
compensation? Our analysis allowed us to explore this open question.

Assuming that those leaving the North Carolina system are in fact leaving teaching, our
analyses (illustrated by the findings reported in rows 4 and 5 of table 5), confirms the findings
that more academically talented individuals (based on the selectivity of their college and their

performance on licensure tests) are more likely to leave the teaching profession while they do not
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appear systematically more likely to move from one school to another (within or between
districts). Moreover, this is true across the teacher effectiveness distribution.

In sum, if the goal is to minimize the churn of the least effective teachers to maximize the
number of highly effective teachers staying in the system and staying in schools that need them
the most, these results suggest that some of the hard debates about teacher pay and incentives,
tenure, evaluation, as well as working conditions are worthwhile. In moving forward, the policy
community will be well served by research that focuses specifically on the relationship between

teacher incentives, teacher effectiveness, and retention.

29



References

Aaronson, Daniel, Lisa Barrow, and William Sander. 2007. “Teachers and Student Achievement
in the Chicago Public High Schools.” Journal of Labor Economics 25(1): 95-135.

Allison, Paul D. 1995. Survival Analysis Using SAS: A Practical Guide. Cary, NC: SAS Institute
Inc.

Ballou, Dale. 1996. “Do Public Schools Hire the Best Applicants?” Quarterly Journal of
Economics 111(1): 97-133.

Ballou, Dale, and Michael J. Podgursky. 1997. Teacher Pay and Teacher Quality. Kalamazoo,
MI: W.E. Upjohn Institute.

Ballou, Dale, William L. Sanders, and Paul S. Wright. 2004. “Controlling for Student
Background in Value Added Assessment of Teachers.” Journal of Education and
Behavioral Statistics 29(1): 37-65.

Baugh, William H., and Joe A. Stone. 1982. “Mobility and Wage Equilibration in the Educator
Labor Market.” Economics of Education Review 2(3): 253—74.

Becker, Gary S. 1962. “Investment in Human Capital: A Theoretical Analysis.” Journal of
Political Economy 70(5, 11): 9-49.

Boyd, Donald J., Hamilton Lankford, Susanna Loeb, and James H. Wyckoff. 2005. “The Draw
of Home: How Teachers' Preferences for Proximity Disadvantaged Urban Schools.”
Journal of Policy Analysis and Management 24(1): 113-32.

Boyd, Donald J., Pamela L. Grossman, Hamilton Lankford, Susanna Loeb, and James H.
Wyckoff. 2007. “Teacher Attrition, Teacher Effectiveness and Student Achievement.”
Paper presented at the annual meeting of the American Education Finance Association,
Baltimore, MD, March 22-24.

Brewer, Dominic J. 1996. “Career Paths and Quit Decisions: Evidence from Teaching.” Journal
of Labor Economics 14(2): 313-39.

Clotfelter, Charles T., Helen F. Ladd, and Jacob L. Vigdor. 2007. “Teacher Credentials and
Student Achievement in High School: A Cross-Subject Analysis with Student Fixed
Effects.” Working Paper 13617. Cambridge, MA: National Bureau of Economic
Research.

Clotfelter, Charles. T., Elizabeth J. Glennie, Helen F. Ladd, and Jacob L. Vigdor. 2006. “Would
Higher Salaries Keep Teachers in High-Poverty Schools? Evidence from a Policy
Intervention in North Carolina.” Working Paper 12285. Cambridge, MA: National
Bureau of Economic Research.

30



Corcoran, Sean P., William N. Evans, and Robert M. Schwab. 2004. “Women, the Labor Market,
and the Declining Relative Quality of Teachers.” Journal of Policy Analysis and
Management 23(3): 449-70.

Dolton, Peter, and Wilbert van der Klaauw. 1999. “The Turnover of Teachers: A Competing
Risks Explanation.” Review of Economics and Statistics 81(3): 543-50.

Ehrenberg, Ronald G., and Dominic J. Brewer. 1994. “Do School and Teacher Characteristics
Matter? Evidence from High School and Beyond.” Economics of Education Review
13(1): 1-17.

. 1995. “Did Teachers Verbal-Ability and Race Matter in the 1960s? Coleman Revisited.”
Economics of Education Review 14(1): 1-21.

Ferguson, Ronald F. 1991. “Paying for Public-Education: New Evidence on How and Why
Money Matters.” Harvard Journal on Legislation 28(2): 465-98.

Ferguson, Ronald F., and Helen F. Ladd. 1996. “How and Why Money Matters: An Analysis of
Alabama Schools.” In Holding Schools Accountable: Performance-Based Reform in
Education, edited by Helen F. Ladd (265-98). Washington, DC: Brookings Institution
Press.

Frank, Robert H. 1978. “Family Location Constraints and the Geographic Distribution of Female
Professionals.” Journal of Political Economy 86(1): 117-30.

Goldhaber, Dan, Destler, Kate, Player, Dan. (forthcoming). Teacher Labor Markets and the
Perils of Using Hedonics to Estimate Compensating Differentials in the Public Sector.
Economics of Education Review.

Goldhaber, Dan. 2007. “Everyone's Doing It, but What Does Teacher Testing Tell Us about
Teacher Effectiveness?” Journal of Human Resources 42(4): 765-94.

Goldhaber, Dan and Dominic J. Brewer. 1997. "Why Don't Schools and Teachers Seem to
Matter? Assessing the Impact of Unobservables on Educational Productivity." Journal of
Human Resources 32(3): 505-23.

Goldhaber, Dan, and Dominic J. Brewer. 2001. “Evaluating the Evidence on Teacher
Certification: A Rejoinder.” Educational Evaluation and Policy Analysis 23(1): 79-86.

Goldhaber, Dan, and Michael Hansen. 2009. “National Board Certification and Teachers' Career
Paths: Does NBPTS Certification Influence How Long Teachers Remain in the
Profession and Where They Teach.” Education Finance and Policy 4(3): 229-62.

Goldhaber, Dan, and Albert Liu. 2003. “Occupational Choices and the Academic Proficiency of
the Teacher Workforce.” In Developments in School Finance 2001-02, edited by William
Fowler (53—75). Washington, DC: U.S. Department of Education, National Center for
Education Statistics.

31



Goldhaber, Dan, Dominic J. Brewer, and Deborah J. Anderson. 1999. “A Three-Way Error
Components Analysis of Educational Productivity.” Education Economics 7(3): 199-208.

Gordon, Robert J., Thomas J. Kane, and Douglas O. Staiger. 2006. “Identifying Effective
Teachers Using Performance on the Job.” Hamilton Project Discussion Paper 2006-01.
Washington, DC: The Brookings Institution.

Greenberg, David, and John McCall. 1974. “Teacher Mobility and Allocation.” Journal of
Human Resources 9(4): 480-502.

Greenwald, Rob, Larry V. Hedges, and Richard D. Laine. 1996. “The Effect of School
Resources on Student Achievement.” Review of Educational Research 66(3): 361-96.

Guarino, Cassandra M., Lucrecia Santibanez, and Glenn A. Daley. 2006. “Teacher Recruitment
and Rentention: A Review of Recent Empirical Literature.” Review of Educational
Research 76(2): 173-208.

Hanushek, Eric A. forthcoming. “Teacher Deselection.” In Creating a New Teaching Profession,
edited by Dan Goldhaber and Jane Hannaway. Washington, DC: Urban Institute Press.

Hanushek, Eric A., and Richard R. Pace. 1995. “Who Chooses to Teach (and Why)? ”
Economics of Education Review 14(2):101-17.

Hanushek, Eric. A. (1997). Assessing the Effects of School Resources on Student
Performance: An Update. Educational Evaluation and Policy Analysis, 19(2), 141-164.

Hanushek, Eric A., John F. Kain, and Steven G. Rivkin. 2004. “Why Public Schools Lose
Teachers.” Journal of Human Resources 39(2): 326—54.

Hanushek, Eric A., John F. Kain, Daniel M. O'Brien, and Steven G. Rivkin. 2005. “The Market
for Teacher Quality.” Working Paper 11154. Cambridge, MA: National Bureau of
Economic Research.

Henke, Robin R., Susan P. Choy, Sonya Geis, and Stephen P. Broughman.1996. Schools and
Staffing in the U.S.: A Statistical Profile, 1993-94. NCES 96—124. Washington, DC: U.S.
Department of Education, National Center for Education Statistics.

Hoxby, Caroline M., and Andrew Leigh. 2004. “Pulled Away or Pushed Out? Explaining the
Decline of Teacher Aptitude in the United States.” American Economic Review 94(2):
236-40.

Ingersoll, Richard M. (2001). Teacher Turnover and Teacher Shortages: An Organizational
Analysis. American Educational Research Journal, 38(3), 499-534.

Jackson, C. Kirabo. 2009. “Student Demographics, Teacher Sorting, and Teacher Quality:
Evidence from the End of School Desegregation.” Journal of Labor Economics 27(2):
213-56.

32



Kane, Thomas J., Jonah E. Rockoff, and Douglas O. Staiger. 2007. “Photo Finish: Teacher
Certification Doesn't Guarantee a Winner.” Education Next 7(1): 60—67.

Keith, Kristin, and Abagail McWilliams. 1997. “Job Mobility and Gender-Based Wage Growth
Differentials.” Economic Inquiry 35(2): 320-33.

Kirby, Sheila. N., Mark Berends, and Scott Naftel. 1999. “Supply and Demand of Minority
Teachers in Texas: Problems and Prospects.” Educational Evaluations and Policy
Analysis 21(1): 47-66.

Krieg, John M. 2006. “Teacher Quality and Attrition.” Economics of Education Review 25(1):
13-27.

Lakdawalla, Darius. 2001. “The Declining Quality of Teachers.” Working Paper 8263.
Cambridge, MA: National Bureau of Economic Research.

Lankford, Hamilton, Susanna Loeb, and James H. Wyckoft. 2002. “Teacher Sorting and the
Plight of Urban Schools: A Descriptive Analysis.” Educational Evaluation and Policy
Analysis 24(1): 37-62.

McCaffrey, Daniel F., Daniel Koretz, J. R. Lockwood, Thomas A. Louis, and Laura S. Hamilton.
2004. “Models for Value Added Modeling of Teacher Effects.” Journal of Educational
and Behavioral Statistics 29(1): 67-101.

McCaffrey, Daniel F., Tim R. Sass, J.R. Lockwood, and Kata Mihaly. Forthcoming. “The Inter-
Temporal Variability of Teacher Effect Estimates.” Education, Finance, and Policy.

Milanowski, Anthony T., and Allan R. Odden. 2007. “A New Approach to the Cost of Teacher
Turnover.” Working Paper 13. Seattle, WA: Center on Reinventing Public Education,
School Finance Redesign Project.

Murnane, Richard J. 1981. “Teacher Mobility Revisited.” Journal of Human Resources 16(1): 3—
19.

Murnane, Richard J., and Randall J. Olsen. 1989. “The Effect of Salaries and Opportunity Costs
on Duration in Teaching: Evidence from Michigan.” Review of Economics and Statistics
71(2): 347-52.

. 1990. “The Effects of Salaries and Opportunity Costs on Length of Stay in Teaching:
Evidence from North Carolina.” Journal of Human Resources 25(1): 106-24.

Ondrich, Jan, Emily Pas, and John Yinger. 2008. “The Determinants of Teacher Attrition in
Upstate New York.” Public Finance Review 36(1): 112-44.

Player, Dan. (forthcoming). Non-Monetary Compensation in the Public Teacher Labor
Market. Education Finance and Policy.

33



Rivkin, Steven G., Eric A. Hanushek, and John F. Kain. 2005. “Teachers, Schools, and
Academic Achievement.” Econometrica 73(2): 417-58.

Rockoff, Jonah E. 2004. “The Impact of Individual Teachers on Students' Achievement:
Evidence from Panel Data.” American Economic Review 94(2): 247-52.

Rothstein, Jesse. (forthcoming). Teacher Quality in Educational Production: Tracking,
Decay, and Student Achievement. Quarterly Journal of Economics.

.2007. “Do Value Added Models Add Value? Tracking, Fixed Effects, and Causal
Inference.” Working Paper 1036. Princeton, NJ: Princeton University, Department of
Economics, Center for Economic Policy Studies.

. 2009. “Student Sorting and Bias in Value Added Estimation: Selection on Observables
and Unobservables.” Princeton, NJ: Woodrow Wilson School of International and Public
Affairs, Princeton University.

Rubin, Donald B., Elizabeth A. Stuart, and Elaine L. Zanutto. 2004. A Potential Outcomes
View of Value Added Assessment in Education.” Journal of Educational and Behavioral
Statistics 29(1): 103—16.

Stinebrickner, Todd R., Benjamin Scafidi, and David L. Sjoquist. 2007. “Race, Poverty, and
Teacher Mobility.” Economics of Education Review 26(2): 145-59.

Strauss, Robert P., and Elizabeth A. Sawyer. 1986. “Some New Evidence on Teacher and
Student Competencies.” Economics of Education Review 5(1): 41-48.

Strauss, Robert P., Lori R. Bowes, Mindy S. Marks, and Mark R. Plesko. 2000. “Improving
Teacher Preparation and Selection: Lessons from the Pennsylvania Experience.”
Economics of Education Review 19(4): 387-415.

Summers, Anita A., and Barbara L. Wolfe. 1975. Equality of Educational Opportunity
Quantified: A Production Function Approach. Philadelphia, PA: Federal Reserve Bank of
Philadelphia.

Tekwe, Carmen D., Randy L. Carter, Chang-Xing Ma, James Algina, Maurice E. Lucas, Jeffrey
Roth, Mario Ariet, Thomas Fisher, and Michael B. Resnick. 2004. “An Empirical
Comparison of Statistical Models for Value Added Assessment of School Performance.”
Journal of Educational and Behavioral Statistics 29(1): 11-36.

West, Martin, and Matthew Chingos. 2008. “Teacher Effectiveness, Mobility, and Attrition in

Florida: A Descriptive Analysis.” Working Paper 2008-12. Nashville, TN: National
Center on Performance Incentives.

34



Table 1: Descriptive statistics for teacher effectiveness, labor market, and school context factors

Transfer

Transfer

i Exit the
No move within across
districts districts system
Teacher characteristics
Teacher effectiveness measure 5.89 -5.55 -18.08 -18.22
(Standard error) (1.10) (1.05) (0.96) (1.00)
Percent African American teachers 14.43 18.31 18.71 18.75
Percent other non-white ethnicity teacher 1.59 1.85 1.25 1.10
Labor market factors
Average district salary supplement/$100 25.86 29.62 24.18 28.45
(14.53) (15.27) (13.91) (15.25)
Average county wage/$100 350.02 370.98 340.34 365.54
(77.03) (86.81) (76.09) (84.32)
Number of schools within 5 mile radius 13.92 17.45 12.14 16.63
(12.84) (15.02) (11.63) (13.63)
Percent county unemployment 4.79 4.71 4.93 4.82
(1.049) (0.92) (1.10) (1.01)
Average SAT at teacher's undergraduate college/100 8.89 8.95 8.82 9.00
points
(1.06) (1.10) (1.06) (1.12)
Teacher's preservice exam score 10.22 9.94 4.53 8.19
(0.65) (0.66) (0.61) (0.68)
Percent with Master's or higher degree 12.88 17.69 9.15 11.76
Percent holding NBPTS certification 1.99 2.78 0.85 0.76
Percent Bordering SC 19.98 29.77 18.03 26.16
Percent Bordering TN 1.50 1.71 1.29 0.37
Percent Bordering VA 5.27 3.88 4.72 6.12
Percent Bordering GA 0.45 0.47 0.00 0.37
School context factors
Schoolwide percent of students on FRL 47.62 48.35 50.08 51.11
(22.50) (22.80) (22.59) (22.78)
Schoolwide percent of African American students 34.15 38.39 37.47 41.22
(24.33) (25.51) (25.59) (24.32)
Enrollment/10 students 63.18 65.12 62.76 63.84
(24.68) (30.65) (27.96) (25.30)
Standardized schoolwide math score 0.007 0.032 0.038 0.029
(0.18) (0.26) (0.19) (0.187)
Z score FRL (within districts) 0.17 0.17 0.19 0.28
(0.91) (0.90) (0.92) (0.93)
Z score African American (within districts) 0.01 0.16 0.13 0.22
(0.96) (0.97) (0.97) (0.96)
Total N 19763 2665.0000 2263 2071
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Table 2, Panel I: Log odds estimates from models of teachers within district moves

Panel 1
Parameter Model A Model B Model C
Teacher effectiveness -0.117  ** -0.132  **
(Standard error) (0.022) (0.024)
Lowest quintile 0.150 **
(0.060)
Quintile 2 0.051
(0.062)
Quintile 3 (reference category)
Quintile 4 -0.082
(0.063)
Highest quintile -0.164  **
(0.069)
Teacher demographic background
African American -0.084 -0.137 * -0.080
(0.068) (0.077) (0.068)
Other non-white 0.107 0.096 0.110
(0.156) (0.183) (0.156)
Labor market factors
Average district salary supplement /$100 0.000 -0.001 0.000
(0.003) (0.004) (0.003)
Average county wage/$100 0.000 0.000
(0.001) (0.001)
Number of schools within 5 mi radius 0.007 ** 0.007 **
(0.002) (0.002)
Percent unemployment in county -0.010 -0.011
(0.030) (0.030)
Average SAT at undergraduate college/100 -0.008 -0.004 -0.007
(0.023) (0.023) (0.023)
Preservice exam score -0.042 -0.039 -0.041
(0.032) (0.032) (0.032)
Master's or higher degree 0.154 ** 0.166 ** 0.156 **
(0.056) (0.056) (0.057)
NBPTS certified 0.443 ** 0417 ** 0.425 **
(0.210) (0.211) (0.336)
School context factors
Percent FRL 0.003 0.010 ** 0.003
(0.003) (0.004) (0.003)
Percent African American -0.001 0.032  ** -0.001
(0.002) (0.011) (0.002)
Enrollment/10 students 0.007 ** 0.029 ** 0.007 **
(0.001) (0.006) (0.001)
Schoolwide math score -0.430 ** -0.201 -0.432  **
(0.149) (0.404) (0.149)
Z score FRL -0.016 -0.072 -0.018
(0.056) (0.095) (0.056)
Z score African American 0.136 ** -0.169 0.135 **
(0.046) (0.142) (0.046)
Includes school fixed effects No Yes No
Model Log Likelihood -8007.54 -7956.48 -8009.88
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Table 2, Panel I1: Log odds estimates from models of teachers within district moves

Parameter
Teacher effectiveness

Labor market factors
Average district salary supplement
/$100

Average county wage/$100
Number of schools within 5 mi radius
Percent unemployment in county

Average SAT at undergraduate
college/100

Preservice exam score
Master's or higher degree
NBPTS certified

School context factors
Percent FRL

Percent African American
Enrollment/10 students
Schoolwide math score

Z score FRL

Z score African American

Panel II: Effects of Labor Market and School Context Factors by

Effectiveness Quintile

LOWEST
Quintile
-0.254
(0.0780)

-0.002
(0.005)
0.000
(0.001)
0.013
(0.005)
-0.044
(0.049)

-0.009
(0.035)
-0.008
(0.059)
0.011
(0.119)
0.104
(0.518)

0.002
(0.004)
0.003
(0.004)
0.006
(0.002)
-0.437
(0.259)
0.080
(0.096)
0.003
(0.081)

2ND

Quintile

*ok 0.500
(0.474)

-0.006
(0.005)

0.000

(0.001)

ok 0.011
(0.004)

-0.059

(0.053)

0.027
(0.039)
0.047
(0.068)
0.220
(0.131)
0.598
(0.497)

0.009
(0.005)

-0.003

(0.004)

ok 0.008
(0.002)

* -0.462
(0.282)

-0.042

(0.110)

0.191

(0.085)

*k

sk

sk

3RD
Quintile
0.112
(0.558)

0.004
(0.005)
0.000
(0.001)
0.008
(0.005)
0.048
(0.055)

-0.003
(0.040)
-0.108
(0.079)
0.323
(0.125)
0.525
(0.408)

0.000
(0.005)
-0.005
(0.004)
0.006
(0.002)
-0.194
(0.282)
0.150
(0.111)
0.079
(0.081)

4TH
Quintile
0.015
(0.325)

-0.004
(0.006)

0.001

(0.001)

* 0.003
(0.006)

0.011

(0.052)

-0.016
(0.040)

-0.142

(0.075)

ok 0.278
(0.128)

0.163

(0.441)

0.008
(0.005)

-0.004

(0.004)

ok 0.007
(0.002)

-0.353

(0.287)

-0.346

(0.113)

0.365

(0.089)

%%

sksk

ksk

sksk

5TH
Quintile
-0.090
(0.049)

0.008
(0.007)
0.001
(0.001)
-0.001
(0.005)
0.033
(0.055)

-0.049
(0.039)
-0.069
(0.072)
0.137
(0.152)
0.526
(0.390)

-0.004
(0.005)
0.001
(0.004)
0.012
(0.002)
-0.693
(0.256)
0.032
(0.114)
0.090
(0.098)

Model Log Likelihood -7960.67

Note: All models also controlled for years of teaching experience.

Note: All models except those with school fixed effects control for the district's location on the state's border.

Note: Standard errors are in
parentheses

Note: *indicates significance level of p<0.05, ** indicates significance level of

p<0.01
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Table 3, Panel I: Log odds estimates from models of teachers' across district moves

Panel 1
Parameter Model A Model B Model C
Teacher effectiveness -0.1284 ok -0.1384 ok
(Standard error) (0.022) (0.024)
Lowest quintile 0.2232 ok
(0.065)
Quintile 2 0.1111 *
(0.066)
Quintile 3 (refernece category)
Quintile 4 0.0266
(0.072)
Highest quintile -0.1657 ok
(0.071)
Teacher demographic background
African American -0.033 -0.0055 -0.0274
(0.076) (0.088) (0.076)
Other non-white -0.1011 -0.1532 -0.0968
(0.198) (0.2488) (0.198)
Labor market factors
Average district salary supplement /$100 -0.0022 0.0017 -0.0024
(0.003) (0.004) (0.003)
Average county wage/$100 -0.0007 -0.0006
(0.001) (0.0007)
Number of schools within 5 mi radius -0.0098 ok -0.0098 ok
(0.003) (0.0028)
Percent unemployment in county 0.0466 ok 0.0459 *
(0.028) (0.028)
Average SAT at undergraduate college/100 0.079 ok 0.080 ok 0.080 ok
(0.023) (0.023) (0.023)
Preservice exam score (0.033) (0.034) (0.032)
(0.033) (0.033) (0.033)
Master's or higher degree (0.010) (0.002) (0.008)
(0.069) (0.069) (0.069)
NBPTS certified (0.186) (0.208) (0.207)
(0.390) (0.390) (0.358)
School context factors
Percent FRL 0.005 * 0.007 0.004 *
(0.003) (0.004) (0.003)
Percent African American 0.005 ok 0.009 0.005 ok
(0.002) (0.011) (0.002)
Enrollment/10 students 0.003 ok 0.009 ok 0.003 ok
(0.001) (0.003) (0.001)
Schoolwide math score -0.038 0.081 -0.036
(0.151) (0.339) (0.150)
Z score FRL -0.082 -0.085 -0.085
(0.057) (0.095) (0.057)
Z score African American 0.083 * -0.141 0.082 *
(0.044) (0.134) (0.044)
Includes school fixed effects No Yes No
Model Log Likelihood -7082.14 -7076.17 -7082.17
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Table 3, Panel 1I: Log odds estimates from models of teachers' across district moves

Panel II: Effects of Labor Market and School Context Factors by
Effectiveness Quintile

LOWEST 2ND 3RD 4TH 5TH
Parameter Quintile Quintile Quintile Quintile Quintile
Teacher effectiveness  -0.1926  **  0.1935 0.4636 0.208 -0.077
(0.090) (0.521) (0.618) (0.331) -0.051
Labor market factors
Average district salary supplement
/$100  0.0025 -0.009 0.007 -0.006 -0.009
(0.006) (0.006) ;(0.006) (0.006) (0.006)
Average county wage/$100  0.0004 -0.0006 -0.004 *x 0.001 -0.001
(0.001) (0.001) (0.001) (0.001) (0.001)
Number of schools within 5 mi
radius  -0.0119  **  -0.0087 -0.005 -0.020  **  -0.001
(0.005) (0.006) (0.006) (0.007) (0.006)
Percent unemployment in county ~ 0.0366 0.0053 0.047 0.073 0.071
(0.047) (0.052) (0.054) (0.058) (0.055)
Average SAT at undergraduate
college/100  0.0658 * 0.1085  ** 0.162 *x 0.039 0.022
(0.038) (0.041) (0.043) (0.043) (0.047)
Preservice exam score  -0.0229 -0.1003 -0.079 -0.017 0.036
(0.059) (0.073) (0.086) (0.081) (0.082)
Master's or higher degree ~ -0.0803 -0.1956 0.038 0.120 0.065
(0.138) (0.177) (0.165) (0.151) (0.158)
School context factors
Percent FRL ~ 0.0063 0.0038 0.005 -0.002 0.007
(0.005) (0.006) (0.005) (0.006) (0.005)
Percent African American  0.0013 0.0074 * 0.009 *x 0.008 * 0.002
(0.003) (0.004) (0.004) (0.005) (0.004)
Enrollment/10 students  -0.0001 0.0049  ** 0.001 0.002 0.008
(0.002) (0.002) (0.003) (0.002) (0.003)
Schoolwide math score 0.3451 -0.0685 -0.406 -0.132 0.071
(0.318) (0.292) (0.312) (0.327) (0.337)
Z score FRL  -0.1248 0.1016 -0.145 -0.108 -0.120
(0.097) 0.111) (0.118) (0.123) (0.117)
Z score African American ~ 0.2025 ** 0 0.0324 -0.028 0.113 0.044
(0.077) (0.087) (0.096) (0.091) (0.101)

Model Log Likelihood -7050.5

Note: All models also controlled for years of teaching experience.

Note: All models except those with school fixed effects control for the district's location on the state's border.
Note: Standard errors are in

parentheses

Note: *indicates significance level of p<0.05, ** indicates significance level of

p<0.01
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Table 4, Panel I: Log odds estimates from models of teachers exits from the North Carolina

Public Education System

Panel 1
Parameter Model A Model B Model C
Teacher effectiveness -0.257 ok -0.280
(Standard error) (0.029) (0.032) ok
Lowest quintile 0.538 *x
(0.069)
Quintile 2 0.014
(0.076)
Quintile 3 (refernece category)
Quintile 4 -0.104
(0.077)
Highest quintile -0.169 ok
(0.080)
Teacher demographic background
African American -0.078 -0.069 -0.067
(0.077) (0.087) (0.079)
Other non-white -0.297 -0.322 -0.260
(0.228) (0.275) (0.224)
Labor market factors
Average district salary supplement /$100 0.017 ok 0.039 *ok 0.017 ok
(0.003) (0.006) (0.003)
Average county wage/$100 -0.001 -0.001
(0.001) (0.001)
Number of schools within 5 mi radius 0.002 0.001
(0.003) (0.003)
Percent unemployment in county 0.008 0.004
(0.031) (0.031)
Average SAT at undergraduate college/100 0.233 *ok 0.234 *ok 0.234 *ok
(0.025) (0.025) (0.025)
Preservice exam score 0.103 *ok 0.102 *ok 0.113 *ok
(0.038) (0.039) (0.038)
Master's or higher degree -0.045 -0.022 -0.048
(0.070) (0.070) (0.071)
NBPTS certified -0.562 -0.608 -0.602
(0.450) (0.450) (0.352)
School context factors
Percent FRL 0.012 *ok 0.016 *ok 0.011 *oE
(0.003) (0.004) (0.003)
Percent African American 0.000 0.007 0.000
(0.002) (0.011) (0.002)
Enrollment/10 students 0.003 *ok 0.010 ok 0.003 ok
(0.001) (0.004) (0.001)
Schoolwide math score -0.071 -0.155 -0.062
(0.145) (0.390) (0.144)
Z score FRL -0.150 ok -0.127 -0.149 ok
(0.056) (0.098) (0.056)
Z score African American 0.073 * -0.003 0.071
(0.045) (0.150) (0.046)
Includes school fixed effects No Yes No
Model Log Likelihood -6312.76 -6285.69 -6294.1
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Table 4, Panel 1I: Log odds estimates from models of teachers exits from the North Carolina Public Education

System
Panel II: Effects of Labor Market and School Context Factors by Effectiveness
Quintile
LOWEST 2ND 3RD 4TH 5TH
Parameter Quintile Quintile Quintile Quintile Quintile
Teacher effectiveness -0.465 ** 0 -0.676 0.496 0.256 -0.093
(0.077) (0.616) (0.708) (0.397) (0.060)

Labor market factors
Average district salary supplement
/$100 0.020 *x 0.017 *x 0.020 *x 0.012 * 0.022 **

(0.006) (0.007) (0.007) (0.007) (0.008)
Average county wage/$100 0.000 -0.002 -0.001 0.000 -0.003 *ok
(0.001) (0.001) (0.001) (0.001) (0.002)
Number of schools within 5 mi
radius -0.004 0.008 -0.002 0.000 0.007
(0.004) (0.006) (0.006) (0.006) (0.005)
Percent unemployment in county 0.016 -0.011 -0.049 0.057 0.013
(0.046) (0.071) (0.065) (0.059) (0.061)

Average SAT at undergraduate
college/100 0.241 *x 0.183 ok 0.265 ok 0.197 *x 0.282 ok

(0.036) (0.049) (0.047) (0.047) (0.047)
Preservice exam score 0.066 0.147 0.114 0.059 0.242 **
(0.057) (0.091) (0.095) (0.100) (0.090)
Master's or higher degree 0.015 -0.007 0.006 0.108 -0.630 ok
(0.123) (0.161) (0.166) (0.166) (0.212)
School context factors
Percent FRL 0.009 *ok 0.019 *ok 0.016 * 0.008 0.011 *k
(0.004) (0.006) (0.006) (0.006) (0.0054)
Percent African American -0.002 0.001 0.003 -0.001 0.002
(0.003) (0.004) (0.005) (0.005) (0.005)
Enrollment/10 students 0.002 0.004 0.002 0.002 0.005 *
(0.002) (0.003) (0.003) (0.003) (0.003)
Schoolwide math score -0.651 *ok -0.015 0.551 0.113 0.102
(0.283) (0.324) (0.363) (0.325) (0.303)
Z score FRL 0.020 -0.294 ok -0.216 -0.162 -0.308 Hk
(0.092) (0.137) (0.147) (0.127) (0.126)
Z score African American 0.104 0.051 0.085 0.161 -0.003
(0.078) (0.099) (0.108) (0.111) (0.111)

Model Log Likelihood -6241.7

Note: All models also controlled for years of teaching experience.

Note: All models except those with school fixed effects control for the district's location on the state's border.
Note: Standard errors are in

parentheses

Note: *indicates significance level of p<0.05, ** indicates significance level of

p<0.01
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Table 5: Probability of moves by Quintile

Move schools within district Move schools across districts Exit NC system

QL Q2 Q3 Q4 Q5 | Q1 Q2 Q3 Q4 Q5 | QI Q2 Q3 Q4 Q5
P(move) 0.113 0.095 0.095 0.090 0.102 ] 0.110 0.087 0.080 0.081 0.079 | 0.141 0.101 0.089 0.076 0.092
P(move)
advantaged 0.088 0.065 0.081 0.071 0.079 | 0.092 0.060 0.069 0.068 0.062 | 0.111 0.080 0.065 0.065 0.084
P(move) dis-
advantaged
school 0.140 0.130 0.111 0.110 0.126 | 0.126  0.119 0.095 0.093 0.097 | 0.176 0.122 0.101 0.086 0.098
P(move)
high
marketability | 0.112 0.096 0.095 0.089 0.099 | 0.112 0.088 0.083 0.082 0.081 | 0.159 0.115 0.104 0.084 0.113
P(move) low
marketability | 0.113 0.093 0.095 0.090 0.104 | 0.108 0.086 0.077 0.080 0.077 | 0.126 0.089 0.077 0.068 0.075
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