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Abstract

The argument that instructors with marketable skills are likely to exit the teaching profession leads many to believe
that public schools are populated by teachers of mediocre talent. Yet, teachers with skills attractive to non-education
employment may not be the best individuals in the classroom. A two-stage regression technique first estimates a
teacher’s impact on their students conditional upon prior academic achievement and then uses this quality measure to
explain teacher attrition. This paper finds that higher-quality female teachers are less likely to leave the profession.

Teacher quality does not impact attrition of male teachers.
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Conditions that undermine the power and effectiveness
of the public school system need to be identified and
promptly rectified... This includes, above all, creating a
work environment that will continue to draw the
bright, committed new teachers we need...But our
track record over the past 40 years isn’t very promising.
Too many will quit permanently because they are fed
up. Their ambition and self-respect will take them into
business or other professions...They leave behind an
increasing proportion of tired time-servers.

Life, November 16, 1962.

1. Introduction

As evidenced by the above quote, a long-held belief is
that public schools lose their best teachers to external
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job opportunities leaving behind below average instruc-
tors. These beliefs are reinforced by the difficulty schools
face when attracting applicants for science, mathe-
matics, and technical teaching positions. While teachers
with skills attractive to other employers may be more
likely to leave the profession, it is not clear that these are
the “best” teachers. As a matter of fact, little research
investigates the role of teacher quality on teacher
attrition.

Recent studies reinforce the belief that teacher quality
is an essential component of student success. Using
student-level data, Hanushek, Kain, and Rivkin (1998)
report that at least 7.5% of the total variation in student
achievement is explained by teacher fixed effects. These
teacher impacts are estimated to be larger than the
effects of overall school organization, leadership, and
financial conditions. Because of the obvious importance
of teachers, school districts have pursued a wide array of
strategies hoping to increase quality. The most common
policy is to increase wages with the intent of attracting
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better candidates. Other districts offer signing bonuses,
student loan forgiveness, or housing assistance pro-
grams. A handful of districts have even incorporated
wage structures that reward high-performing teachers.

All of these strategies derive from the belief that
quality, as measured by observable characteristics such
as academic qualifications or certification results, is
correlated with student achievement. Yet few studies
find such a connection, suggesting the likelihood that
observed teacher characteristics are only weakly, or not
at all, correlated with quality. This is especially
perplexing given the probable positive bias in estimated
coefficients caused by high-quality teachers selecting
into school systems with better students.

The purpose of this work is to investigate the impact
of quality on one part of teacher labor supply: the
decision to leave the profession. The standard argument
is that more able teachers are attractive to outside
employers and hence likely to leave schools. Of course
this is conditional on the fact that teacher quality is
correlated with skills demanded by non-school employ-
ers, a possibility that is likely true at higher grades but
perhaps not at lower grades where skills focusing on
young children are valued by education but less so by
the business community.

On the other hand, arguments can be made for why
more able instructors remain in education. A teacher
who performs well in the classroom receives the respect
of their colleagues, recognition from administrators, and
possibly better future choices of students, buildings,
districts, and teaching-related opportunities. Further,
highly skilled individuals entering teaching typically
value non-pecuniary rewards of teaching over the
rewards of non-academic jobs. Attracting these indivi-
duals to non-academic opportunities likely requires
greater compensation and hence a lower likelihood of
non-academic job offers made to these individuals.
Finally, it is commonplace for administrators to be
promoted from the ranks of teachers and proficient
instructors potentially increase their probability of
promotion and are less likely to exit teaching.

Discussing the impact of teacher quality on exit
decisions begs the question of quality measurement. The
econometric model used in this paper is a two-stage
regression technique, which first develops teacher
quality measures by estimating the average gains on
standardized tests made by students during the year
spent with their teacher. A second-stage regression then
employs these quality estimates as independent variables
in logit models explaining attrition decisions. This test-
based technique offers the benefit of directly measuring
teacher impacts on students rather than indirectly
measuring quality through observable teacher measures
at the time of hire. This paper presents evidence that
female instructors performing better in the classroom
are less likely to exit the profession. Unlike women, no

relationship between quality and attrition is found for
men, suggesting different labor supply functions be-
tween genders.

2. Econometric strategy and estimation
2.1. Strategy

Recent empirical work increasingly uses estimated
variables and coefficients from a primary regression as
independent variables in a secondary regression. This
two-stage process is discussed by Amemiya (1978), and
in a classic example of this technique, Heckman (1979)
determines the correct asymptotic covariance matrix of a
two-stage estimator that accounts for sample selection
bias. In a technique closely related to that used in this
paper, Stoddard (forthcoming) first estimates area
amenities through state-level fixed effects in a wage
premium equation for non-teachers, and then uses these
estimates in regressions explaining teacher wages.

The two-stage procedure used here is similar to that
employed by Rockoff (2004). In his work, Rockoff
measures teacher ability by explaining student achieve-
ment on standardized tests with teacher fixed effects. The
teacher fixed effects are interpreted as direct measures of
teacher value added or what this paper terms as quality.
Rockoff finds that a teacher one standard deviation
above average has students who perform between one-
and two-tenths of a standard deviation above reading
and mathematics standardized test averages. This paper
extends Rockoff’s technique by first estimating a
teacher’s impact on their students’ standardized test
scores and then employs the estimated impacts as
independent variables in a logit model of teacher
attrition. Specifically, the first stage investigates a panel
of students within a teacher’s classroom. This model is

Ay = A + BXy + 6T, + O, + &5, 1

where A is the achievement on a standardized exam
earned by student 7 of teacher j, 4;,_, is the student’s test
score earned under their previous teacher, X is a matrix
of observable student, building, and district character-
istics, T is a matrix of teacher characteristics, Q
represents teacher-specific effects, & and B are vectors
of regression coefficients, and ¢ the regression error term.
The variables of interest in Eq. (1) are the Q’s and &T;’s,
which together represent the impact of a teacher on a
student’s test scores conditional upon previous test
scores as well as observable student, building, and
district measures.

As teacher quality is the sum of observable teacher-
specific characteristics and unobservable characteristics
captured by Q, quality is estimated by

Quality, = Qj + ST,-. )
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Thus, the proposed measure of teacher quality is the
average student test gain attributable to their teacher
conditional upon the other regressors in Eq. (1). Since
Quality is generated from a regression explaining
student test scores based upon previous student perfor-
mance, Quality may be interpreted as a particular
teacher’s value added to their student’s education.

In his work, Rockoff measures teacher quality by
estimating Eq. (1) absent measurable teacher character-
istics, T. This allows Rockoff to estimate Q using
ordinary least-squares fixed effects. By introducing
measurable teacher characteristics, which do not vary
within a classroom, this paper estimates Q with random
effects techniques. Later, in order to check for robust-
ness across estimation techniques, this paper also reports
results using Rockoff’s methodology.

To identify if high-quality teachers are more likely to
exit the profession, the Quality estimates are incorpo-
rated into a logit model with dependent variable
equaling one if a teacher exits the profession. Specifi-
cally, this model takes the form

Pr{Y; = 1] = f(iZ; + ¢ Quality, +v,), 3)

where Z is a matrix of variables influencing attrition, 4
and ¢ are regression coefficients, v is a standard error
term, and Quality is determined by Eq. (2). If high-
quality teachers are more likely to exit, ¢ will be
positive.

Before estimating the aforementioned equations, a
number of econometric concerns require attention.
First, since quality is an estimated variable in Eq. (3),
even if quality is measured without bias, random
measurement error likely exists. The implications of
errors in variables in linear models are well understood:
coefficient estimates of mis-measured variables are
attenuated towards zero while coefficients of other
included variables are biased usually in unknown
directions (Greene, 2000). The magnitude of this bias
is directly related to the variance of the measurement
errors. DeVaro and Lacker (1995) demonstrate that
errors in variables also attenuate the coefficients of
mis-measured variables in logit models towards zero.
Thus, if the teacher quality estimates are measured
with error, then the estimate of ¢ will represent a
lower bound on the magnitude of the effect of quality on
exits.

A more insidious possibility is that the measures of
teacher quality generated in Eq. (1) are biased.
Considering the first stage equation, a source of bias
occurs when variables explaining student test scores are
omitted. If omitted variables are positively correlated
with both teacher quality and student test scores, then
the first-stage estimates of quality will be biased
upwards. Classic examples of bias arise from correla-
tions between teacher quality and the level of commu-

nity or parental involvement, the reputation of a school
district, and the effort put forward by students. For
instance, if high quality instructors are more likely to
teach in districts with high parental involvement, then
omitting parental involvement biases the estimates of
teacher quality upwards. The impact of using biased
regressors in the second stage regression is unclear, but
under plausible circumstances should attenuate ¢
towards zero. To understand this, consider a positive
bias in quality estimates for high-ability teachers. If
these teachers have a natural propensity to exit based
upon their quality yet a researcher incorrectly overstates
their quality, then the researcher will underestimate the
impact of a unit of quality on the probability to exit. Of
course if the bias occurs equally across all levels
of quality, no bias in the second stage slope parameters
will occur.

Scenarios other than mis-measured Quality that result
in biasing ¢ can be constructed. Consider a building
with a poor quality administrator whose leadership
simultaneously causes students to underachieve and
teachers to be more likely to exit. Based upon the
underachieving students, a researcher employing Eq. (1)
would identify that building’s teachers as low quality.
Since those teachers are also more likely to exit, a
researcher would incorrectly find a negative impact of
quality on attrition. Another possibility is that principals
in some buildings match strong students with more able
teachers and weaker students with weaker teachers. If all
teachers are less likely to exit when given high ability
students, then this sorting will lead to higher exit rates
among low quality teachers caused not by their quality
but rather by the sorting of students. In order to control
for these types of scenarios, alternative specifications
combine building dummy variables in the first-stage
regressions with building-level random effects logit
models. These results are presented after the initial
regression logit estimates.

A final econometric concern regards the inference of
¢. Typical standard errors in logit models are estimated
based upon the regressors being correctly measured. As
the quality variable is a generated one, the conditional
logit standard errors are likely to be biased towards
zero. In order to correct this, Gawande’s (1997)
technique of adjusting the standard errors of generated
regressors is employed.'

'Gawande suggests creating an adjusted regressor according to:

Quality, = Quality +&Q/af., <Qu§lity, — Quality)

where o2, is the measurement error of the generated variable and
&Zis an estimate for the sample variance of Q had it been
measured without error. Quality are then used in the second stage

logit estimation.



16 J.M. Krieg | Economics of Education Review 25 (2006) 13-27

2.2. Teacher quality estimation

Under the No Child Left Behind Act (NCLBA), each
state is required to test student achievement. The
Washington Assessment of Student Learning (WASL)
is the state of Washington’s diagnostic tool used for
identifying failing schools and students under the
NCLBA. The WASL is an open-ended exam given near
the end of the academic year that covers four subjects:
reading, writing, listening and mathematics.” The
WASL is administered in grades 4, 7, and 10 and, under
current legislation, students are required to pass the
WASL in order to receive a high school diploma. Four
variants of Eq. (1) are estimated: one each with the
individual 4th grade student’s WASL reading, writing,
listening, and mathematics scores used as dependent
variables. To make comparisons with other standardized
tests easier, WASL scores are normalized so that the
mean of the observations is zero with standard deviation
of one.

Students in Washington are also required to complete
the Iowa Test of Basic Skills (ITBS). The Iowa tests are
standardized exams intended to identify a student’s
developmental level and to measure annual academic
growth. The ITBS is given in Washington near the end of
the student’s 3rd and 6th grade years and covers four
disciplines: reading, vocabulary, listening, and mathe-
matics. For each variant of Eq. (1), the student’s 3rd grade
ITBS discipline score is matched to the corresponding
WASL discipline score and employed as an independent
variable.® Relative to Eq. (1), the A4, j—1 are measured by
ITBS performance and the A4;; are WASL results. Thus,
Eq. (1) measures student performance at the end of their
4th grade year conditional upon their academic achieve-
ment at the end of the 3rd grade as well as other student,
building, classroom and teacher characteristics.*

The data were provided by Washington’s Office of the
Superintendent of Public Instruction and consist of two
files: a student file and a teacher file. The student file is a
panel of all students who took both the 3rd grade ITBS
in the 20002001 academic year and the 4th grade WASL
in 2001-2002. The student file lists both the building and
district in which the student was enrolled as well as his or
her teacher’s first and last name. Because children in

’In 2004, the state of Washington decided to replace the
listening test with a science test. Statewide results for this test
are not yet available.

*The WASL writing score is matched to the ITBS vocabulary
score.

*Because the WASL and ITBS are two different tests scored
on completely different scales, I chose to use the ITBS as an
explanatory variable on WASL performance rather than simply
attributing the difference between the two tests to the student’s
fourth grade teacher. Like the WASL scores, all ITBS results
are normalized to mean zero and standard deviation equal to 1.

higher grades typically receive core subject material from
many teachers, this work analyzes only the cohort of 3rd
grade students who took the ITBS and the subsequent
WASL. The student file also contains a wealth of
demographic and social data generated from student
questionnaires associated with the WASL and ITBS.

A second data set, the teacher file, represents a
complete panel of annual observations of Washington
public school teachers between 1996 and 2004. The
teacher data set contains the building and district in
which the teacher works, teacher experience, education,
salary, and demographic data as well as a unique teacher
identification number that remains constant throughout
the teacher’s career. After using Eq. (1) to estimate the
teacher quality variables, these variables were merged
into the teacher file using the teacher’s building and first,
middle, and last names. Then, using the unique teacher
identification number, each teacher was determined to
either remain in the profession after the 2001-2002
academic year or to have exited the profession. Because
leaves of absence are common in education, a teacher
was determined to have exited the profession only if they
did not teach in either of 2002-2003 or 2003-2004
academic year.” The end result is a cross section of
teachers who administered the 2001-2002 WASL, which
also contains the four subject-quality measures as well as
a zero-one identifier indicating teacher exit. After
excluding missing observations from both the student
and teacher samples as well as students who could not be
matched with their fourth grade teacher, 36,056
observations remain in the student file.® These students
are matched with 2293 instructors in the teacher file.

This paper does not follow teachers into either private
schools nor public instruction in another state. Thus the
number of teachers exiting the profession may overstate the
amount leaving the profession because some exits from public
education may go to private schools. Two years was used as the
cutoff to determine teacher exit because most school districts in
the state of Washington grant leaves of absence only up to 1
year in length.

“The sample of 36,056 students represents nearly half of the
state’s 78,610 fourth graders in the 2001-2002 school year.
Roughly 32,000 students were excluded because of an inability
to match with certainty the student’s classroom teacher with a
teacher in the personnel records. This inability to match is
random in nature; classroom teachers were matched to
personnel records based upon last names, first names, and
buildings in which they worked. Because of misspelling of
teacher names and names which could be attributed to more
than one classroom teacher (e.g. Smith), a certain match was
not made and both the student and teacher data were omitted.
A further 8000 students were excluded from the sample because
of missing student data as were all teachers who job shared,
worked less than full-time, taught in split classrooms, or left
mid-year. Because one reason for missing student data is due to
student mobility, this paper may under count this type of
student.
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In order to accurately capture the gains made under
their 4th grade teacher, Eq. (1) includes student’s 3rd
grade ITBS results. Other measures of student char-
acteristics in Eq. (1) include the length of time the
student has been enrolled in their building, the presence
and use of a computer at home, the frequency of both
reading for fun and of watching television, English use
at home, migrant status, gender, and race. Measures
specific to the student’s building and classroom are also
included. These consist of the student’s class size, the
average ITBS subject score for the student’s classmates,
the percent of a building’s students on free or reduced
lunch, and the percent of the building’s students passing
the previous year’s WASL. Both the percent of previous
WASL-passers (in the student’s building) and the
student’s classmates’ average ITBS subject score proxy
for peer effects, which may influence student perfor-
mance during their WASL year. Finally, 296 district
dummy variables are included to capture heterogeneity
in student performance across districts.

Each column of Table 1 presents selected coefficient
estimates of Eq. (1) using the four different WASL
subject scores as dependent variables.” Not surprisingly,
students performing well on the matching 3rd grade
ITBS subject test do well on their 4th grade WASL. For
instance, a student scoring one standard deviation above
the 3rd grade math ITBS mean is expected to place .713
standard deviations above the 4th grade math WASL
mean. Students new to the school, those previously held
back a grade, blacks, Hispanics, and males average
lower scores across subjects. Likewise, students having
computers at home (possibly a proxy for income) and
those who frequently read for fun score higher across
subjects. A student’s environment is found to impact
their test performance; those in buildings where previous
students performed well are likely to perform better as
are students whose classmates performed well on the
ITBS. Observable teacher characteristics also impact
student performance; students of male teachers and first
year teachers average lower test scores. Finally, teachers
with masters degrees perform no differently than those
with bachelor’s degrees, and experience impacts student
test scores in non-linear manner; the marginal impact of
experience diminishes as experience increases.

The purpose of the first stage regressions is to generate
four different quality estimates based upon Eq. (2): one
for each WASL subject. Histograms of the resulting
quality estimates sorted by attrition status are presented
in Fig. 1. The average teacher quality generated by

"In fact, all regressions reported in Table-1 contain 5 binary
variables indicating different levels of reading for fun, 6 binary
variables indicating television-watching habits, 3 binary vari-
ables indicating the amount of English spoken at home, and 5
racial binary variables. Complete regression results are avail-
able from the author upon request.

Eq. (2) range from .010 (writing) to .047 (listening) with
standard deviations ranging from .123 (listening) to .272
(mathematics). As the dependent variable in Eq. (1) is
the standardized performance on the WASL conditional
upon the ITBS, the interpretation of quality is measured
as the average student gains on the WASL. In other
words, conditioned upon their characteristics, pupils of
a ‘“good” teacher, that is a teacher one standard
deviation above average teacher quality, are expected
to score between .12 (listening) and .27 (mathematics)
WASL standard deviations above pupils of an “aver-
age” teacher. Recall, in his work on teacher quality,
Rockoff found similar results; the students of a teacher
one-standard deviation above average scored between
one- and two-tenths of a standard deviation above
average on reading and mathematics exams.

One interesting question involves quality correlations
by subject. Do teachers who perform well in one subject
perform well in another? Table 2 presents correlations
between quality measures for all four subject areas.
Positive relationships exist between subject areas in-
dicating an affirmative answer; teachers talented in one
subject do well in others. The strongest relation occurs
between math and reading; instructors teaching math
well tend to be good reading teachers. Although all of
the correlations are statistically significant, they are not
so highly correlated as to suggest that a composite
quality measure should be constructed. Thus, the next
section models teacher attrition based on each of the
four subject-quality measures.

2.3. Teacher attrition estimation

Of the 2293 teachers in this sample, 114 left the
profession after the 2001-2002 school year and did not
return to a Washington public school in any capacity
over either of the subsequent 2 years. The quality
distributions of both those that left and remained in the
profession are displayed in Fig. 1. For all four quality
estimates, there is an apparent tendency for lower
quality teachers to exit the profession. As a matter of
fact, in only one case (math) did a teacher whose quality
is greater than one-half of a WASL standard deviation
exit the profession while in every case at least one
teacher exited with a quality estimate less than negative
one-half of a standard deviation.

Dolton and van der Klaauw (1995, 1999) document
large differences in teacher attrition among individuals
who exit into non-employment versus into a non-
teaching job. Specifically, Dolton and van der Klaauw
find that decisions to exit teaching for voluntary reasons
(family decisions, taking another job, exiting the labor
force, etc.) are sensitive to the explanatory variables in
their model (opportunity wages, characteristics of the
teacher’s school, etc.). Not surprisingly, the same set of
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Table 1
Selected regression estimates of student mathematics 4th grade WASL score
Variable Description Reading Writing Listening Math
Student variables
ITBS subject Third grade ITBS subject score 0.637%** 0.437%%% 0.341*** 0.713%%%
(—0.005) (—0.006) (—0.006) (—0.005)
New school Student is new to school —0.055%** —0.075%*** —0.079%** —0.058***
(—0.014) (—0.017) (—0.019) (—0.014)
Home Student has computer at home 0.057%** 0.04 7% 0.081*** 0.089%**
computer
(—0.013) (—0.015) (—0.017) (—0.011)
Computer use Student uses a computer for school work —0.0004 .023%* —0.025%* 0.0045
(—0.009) (—0.01) (—0.01) (—0.008)
Read often Student often reads for fun 0.130%** 0.186%** 0.050%** 0.084***
(—0.012) (—0.014) (—0.016) (—=0.011)
Hold back Student was held back a grade —0.121*** —0.152%** —0.065%** —0.094***
(—0.014) (—0.017) (—0.019) (—0.012)
English never English is never spoken in student’s home —0.063*** —0.112%** —0.031%** —0.007
(—0.016) (—0.018) (—0.02) (—0.014)
Black Student is Black —0.095%** —0.049** —0.114%** —0.159%**
(-0.021) (—0.024) (—0.026) (—0.021)
Asian Student is Asian 0.156%** 0.309*** —-0.015 0.012
(—0.017) (—0.017) (—0.02) (—0.015)
Hispanic Student is Hispanic —0.017 —0.019** —0.183%** —0.074***
(=0.01) (=0.01) (—0.022) (—0.015)
Male Student is male —0.138%** —0.370%** 0.115%** —0.081%**
(—0.007) (—0.008) (—0.009) (—0.007)
Building variables
Building pass % Of students passing previous year’s related 0.004*** 0.006*** 0.002%>%% 0.006%**
WASL subject
(—0.0009) (—0.0007) (—0.0005) (—0.0008)
Peer effects Average ITBS subject score for student’s class 0.023* 0.136%** 0.040** 0.002
(—0.015) (—0.02) (=0.017) (—0.021)
Free lunch % Of students in building with free/reduced 0.001 —0.0004 0.002** 0.002**
lunch
(—0.0008) (—0.0008) (—0.0006) (—0.0009)
Class size Size of student’s class —0.0007 —0.0008 0.0009 0.00005
(—0.002) (—0.001) (—0.001) (—0.001)
Teacher variables
T. male Teacher is male —0.053%** —0.068*** 0.001 —0.044%**
(—0.015) (—0.017) (—0.013) (—0.017)
Masters Teacher holds a master’s degree 0.01 0.022 0.014 —0.004
(—0.013) (—0.014) (—0.011) (=0.015)
Experience Years of teaching experience 0.006** 0.003 0.007%** 0.009***
(—0.002) (—0.002) (—0.002) (—0.003)
Experience? Years of teaching experience squared —0.0001 —0.00009 —0.0001** —0.0002%**
(—0.00007) (—0.00007) (—0.00007) (—0.00008)
First year Teacher in Ist year of teaching —0.042** —0.026 —0.007 —0.043
(—0.02) (—0.022) (—0.017) (—0.025)
R 0.66 0.61 0.51 0.68
Slope test Wald test: slope coefficients equal 0 (y* test) 110,477*** 26,325%*+ 198,106*** 127,140%**
Novservatisns # Of student observations 36,056 36,056 36,056 36,056
District District dummy variables Yes Yes Yes Yes
NTeachers # Of teacher coefficients 2293 2293 2293 2293
Teacher effects Method of teacher effects determination Random Random Random Random
effects effects effects effects

Notes: Dependent variable is student’s WASL subject score, which has been normalized so the sample has mean zero and standard
deviation 1. Standard errors corrected for clustering by classroom are in parenthesis. *** {**} indicate significance at the 99% {95%} level.
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Fig. 1. Teacher quality histograms.

explanatory variables fails to predict involuntary exit.
Unfortunately the reason for exit is not observed in this
data but, as suggested by Dolton and van der Klaauw,
female teachers are both more often secondary wage
earners and more likely to be impacted by family
transitions, and hence more likely to voluntarily exit.
Thus, this paper controls for gender by splitting the
sample into male and female teachers. Table 3 provides
descriptive statistics of quality and other teacher
variables by gender.

The left half of Table 3 focuses on female teachers. Of
the 1833 female teachers, 90 (4.9%) exited after the
2001-2002 school year. The average mathematical
quality score for women remaining in the profession is
.054, a statistically greater estimate than women who
exited (—0.057). The same pattern is found in the three
other quality measures. The fact that average female
teacher quality is greater for those remaining than for
those who exit suggests better female instructors remain
in the profession. Table 3 also demonstrates that female
teachers who exit average lower salaries, fewer years of

experience, were on probationary contracts® and come
from buildings with students who performed worse on
the previous year’s WASL exam. Further, women
leaving teaching are likely to be older and work in
larger schools.

The right half of Table 3 provides descriptive statistics
for male teachers. Of the 460 male teachers sampled, 24
(5.2%) exited at the end of the school year. Similar to
women, men who exit are older and lower quality as
measured by the listening scores. Unlike female teachers,
no other significant differences in other quality measures
or any other variables exist between men who stay or
exit the profession.

8Washington teachers are classified as being either proba-
tionary teachers or teachers under “continuing” contracts. A
probationary teacher is a teacher with fewer than 2 years of
experience or an experienced teacher with less than 1 year of
experience at a new district. Teachers under continuing
contracts may not be renewed only for gross negligence or for
district financial need.
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Table 2
Correlations of teacher quality measures

QMaxh chadmg meing QLislcning
Ovpact 1.000
Oucars 0589 1000
Oiiting 0.449%%*  0.571%%* 1,000
Oenng  0-3297%%  0.415%%%  0.269%** 1.0

***Indicates statistical significance at the 99% level.

In order to control for the many influences on teacher
exit, logits with dependent variable equal to one if the
teacher left the profession at the end of the school year
are estimated. For each gender, four logits are estimated;
one each for the four different measures of teacher
quality. In order to simplify discussion, each quality
measure developed in the first stage regression was
normalized with mean zero and variance equal to one.
Besides the quality measures, a number of additional
independent variables are included. Murnane and Olsen
(1989), as well as Dolton and van der Klaauw (1995,
1999) find that teacher attrition increases with potential
non-teaching wages. To control for this both the
teacher’s salary, dummy variables representing the 39
Washington counties in which the teacher’s live, as well
as dummy variables for the size of community the
teacher’s building is located are included in the logit
models. Yet it is clear that influences other than
compensation impact attrition. As a matter of fact,
Scafidi, Sjoquist, and Stinebrickner (2002) suggest that
teacher earnings only partly explain attrition.” Thus,
teacher’s experience, probationary contract status, race,
age, education level, and the size of the teacher’s class
are included in the logit models. Also, incorporated are
building variables: enrollment, percent of students on
free or reduced lunch programs, as well as the percent of
students who are black, Hispanic, or American Indians.
Hanushek, Kain, and Rivkin (2001) suggest that
teachers of more talented students tend to remain in
education. In order to control for this, two measures of
student ability are included: the average score on each
ITBS discipline test of the teacher’s students and the
overall building WASL pass rate from the previous year.

Tables 4 and 5 present logit estimates of the marginal
impacts of quality on female and male teacher exits,
respectively. Are higher-quality teachers more likely to
exit? For females, the answer to this question appears to

°In Scafidi, Sjoquist, and Stinebrickner’s (2002) work, the
authors report that for a sample of female teachers in Georgia,
only 5.4% of high school teachers and 3.8% of elementary
teachers leaving education earn more on their new job than a
first year teacher.

be no. As a matter of fact, for all four measures of
teacher quality, the impact of quality on the probability
of female exit is negative. For example, consider the
math quality logit regression. A one standard deviation
increase in teacher quality (equivalent to .272 standard
deviations in student math performance) is expected to
diminish attrition by 1.08%. Given the fact that 4.9% of
women teachers exited at the end of the 2001-2002
school year, a 1.08% difference represents a 22%
decrease in propensity to exit. Two other measures of
quality, writing and listening, demonstrate even larger
impacts. Women one standard deviation above average
writing and listening are 1.11 and 1.23% less likely to
exit respectively. All three estimates are measured
precisely enough to exclude zero from the 99% confidence
interval. Interestingly, this is not the case for the reading
quality measure. Although the point estimate of reading
quality on attrition is negative, its corresponding con-
fidence interval is large. Recall, in all four cases, these
estimates are likely biased towards zero to the extent that
the quality variable is measured with error.

Compared to the female results, the impact of quality
on male exit is smaller, measured less precisely, and in all
four regressions, not significantly different than zero at
the 95% level. Dolton and van der Klaauw (1999)
suggest a possibility for these findings: involuntary exits
typically occur for reasons orthogonal to teacher quality
(expiring contracts, retirement, demographic shifts
which lead to downsizing, etc.). If men, upon becoming
teachers, more frequently exit for involuntary rather
than voluntary reasons, then one would not expect
quality to predict attrition. This also explains why few
other explanatory variables are statistically significant in
the male regressions.

Similarities between male and female attrition are
apparent when comparing Tables 4 and 5. Not surpris-
ingly, both genders respond to higher salaries by
remaining in education, a finding in agreement with
those of Dolton and van der Klaauw (1999) and
Murnane and Olsen (1989). Further, both genders
demonstrate a U-shaped probability of exit with respect
to experience. Teachers with both few and many years of
experience are more likely to exit than those in the
middle of their careers, a finding consistent with
Hanushek, Kain, and Rivkin’s (2001) work.

Finally, unlike men, women are found to exit if they
serve in buildings with less-talented students, as mea-
sured by previous WASL results. Surprisingly a
woman’s exit rate is not correlated with the average
ability of her own students as measured by their class
ITBS average. Women are also found to be more likely
to exit if they serve in larger buildings and if they live in
an urban environment (rural area is the omitted
variable). Surprisingly, for neither gender, the type of
degree earned, race of the teacher, or the size of their
most recent class predicts attrition.
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Table 3
Descriptive statistics
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Variable Description Female teachers Male teachers
Exit Stay Exit Stay
QuzlliAty Quality conditional on student, building, and district —0.057 < 0.054 —0.05 = 0.009
Math characteristics
(=0.274) (=0.275) (—0.288) (—0.246)
Qualitmy Quality conditional on student, building, and district ~ —0.022 & 0.044 —0.065 = —0.003
Reading characteristics
(—0.208) (—=0.207) (—0.197) (—0.18)
2 Quality conditional on student, building, and district ~ —0.079 < 0.028 —0.085 = —0.036
Qualityyy,ng il G
characteristics
(—0.233) (—0.227) (=0.215) (—0.211)
Qualitf\;/L. Quality conditional on student, building, and district ~ —0.022 < 0.052 —-0.017 < 0.045
Hisnag characteristics
(—0.183) (—0.122) (—0.137) (—0.101)
Salary Annual salary, $1000s 42.324 = 47.526 51.434 ] 49.156
(—14.502) (—10.61) (—16.96) (—10.94)
Experience Years of experience 10.926 < 12.773 16.12 = 14.173
(—12.083) (=9.14) (—13.98) (—10.26)
Probationary Equal to I if the teacher is on a probationary contract  0.277 > 0.124 0.25 = 0.117
(—0.45) (=0.33) (—0.44) (=0.321)
Age>55 Equal to 1 if age is greater than 55 0.211 > 0.108 0.291 > 0.112
(—0.41) (—=0.311) (—0.464) (—0.316)
Masters of Equal to I if highest degree is masters of education 0.444 = 0.546 0.5 = 0.578
education
(—0.499) (—0.498) (=0.51) (—0.494)
Other masters Equal to 1 if highest degree is non-education masters  0.066 == 0.049 0.083 = 0.064
(—0.25) (=0.217) (—0.282) (—0.245)
Black Equal to 1 if teacher is black 0.011 = 0.014 0 = 0.009
(—0.105) (—0.116) (—0.095)
Hispanic Equal to 1 if teacher is Hispanic 0.011 = 0.018 0 = 0.028
(=0.105) (—0.132) (—0.163)
Building pass % Of building’s students who passed previous WASL ~ 26.281 & 29.681 22.758 = 27.124
(=12.77) (—=13.77) (—12.91) (—13.32)
Pupils per Teacher’s class size 18.423 = 18.533 18.021 = 18.235
teacher
(—2.47) (—2.33) (—2.54) (—2.24)
Building Total student enrollment in teacher’s building 505.92 > 477.89 481 = 453.73
enrollment
(—164.89) (—144.5) (—146.51) (—141.32)
Free/reduced % Of building’s students using free/reduced lunch 39.046 = 36.76 43.788 = 39.465
lunch
(—23.89) (—22.39) (—24.85) (=22.2)
Unemployment Unemployment rate in teacher’s county 6.676 = 6.618 6.816 &= 6.795
rate
(=2.13) (—=1.95) (—=1.93) (—2.063)
County wages Average wages per insured worker in county, $1000 s 35.878 = 34.76 34.53 = 33.932
(—8.92) (—8.17) (=7.93) (—8.29)
Large city = 1 if teacher lives in area with population> 250,000  0.033 = 0.043 0.041 = 0.066
(—0.18) (—0.204) (=0.204) (—0.249)
Midsize city = 1 if teacher lives in area with 0.211 > 0.149 0.166 = 0.188
25,000 < population < 250,000
(—0.41) (—0.356) (—0.38) (—0.391)
N Number of teacher observations 90 1743 24 436

Notes:> < indicate statistical difference at the 95% level. Standard errors in parenthesis.
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Table 4

Marginal logit estimates of female teacher attrition
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Variable Logit 1 Logit 2 Logit 3 Logit 4
A 3k k
Qualityyy,y, L
(=0.003)
Qualitygugng 0.0058
(=0.004)
A * kK
Qualityyy,iin, S
(—0.003)
A * Kk
Quality, sy —0.0123
(—=0.003)
Salary —0.0017** —0.0017** —0.0015*%* —0.0017**
(—=0.0007) (—0.0007) (—0.0006) (—=0.0007)
Experience —0.0036%** —0.0039*** —0.0041*** —0.0032**
(—0.002) (—0.002) (—0.001) (—0.016)
Expericnce2 0.00013%** 0.00014*** 0.00014*** 0.0001 [***
(—0.00004) (—0.00004) (—0.00005) (—0.00004)
Probationary —0.001 —0.0005 —0.002 —0.002
(—0.01) (=0.011) (=0.01) (=0.009)
Age>55 0.051** 0.052%** 0.051** 0.049**
(—0.026) (—0.027) (—0.026) (—0.025)
Masters of education 0.006 0.006 0.005 0.007
(—0.008) (—0.008) (—0.008) (=0.007)
Other masters 0.01 0.012 0.008 0.014
(—0.02) (—0.022) (—0.019) (—0.021)
Building pass —0.0008** —0.0008*** —0.0007** —0.0008**
(—0.0003) (—0.0003) (—0.0003) (—0.0003)
Pupils per teacher —0.0018 —0.002 —0.0018 —0.0022
(=0.001) (—0.002) (=0.002) (=0.002)
Incoming ITBS 0.013 0.01 0.008 0.01
(—=0.007) (—0.007) (—=0.007) (—0.007)
Building enrollment 0.00003 0.00004 0.00004 0.00004
(—0.0002) (=0.00003) (—0.00003) (—0.00002)
Building free/reduced lunch —0.0002 —0.0002 —0.0003 —0.0002
(—0.0002) (—0.0002) (—0.0002) (—0.0002)
Large city 0.0228** 0.0257** 0.0238** 0.0245%*
(—0.01) (—0.011) (—0.01) (=0.01)
Midsize city 0.0430** 0.0492%* 0.0455** 0.0450**
(=0.02) (—0.021) (—0.02) (—0.02)
N 1833 1833 1833 1833
Chi square test of 0 slopes 08.84%*x* 90.53%*x* 99,82 ¥x* 104.3***
County dummy variables present? Yes Yes Yes Yes
% Of attritions correctly predicted 64.8 69.2 67.4 62.6
% Of continuers correctly predicted 78.9 75.8 76.9 74.8

Notes: Standard errors of quality variables adjusted for measurement error using Gawande’s (1997) method. Robust standard errors in
0. *** {**} indicate significance at the 99% {95%} [90%] level. The coefficients on the percent of a building’s students who are black,
Hispanic, or American Indian, as well as the constant, are not reported and are available from the author by request. Incoming ITBS is
the classroom average ITBS discipline score matched to the WASL discipline.

2.4. Alternative specifications

One concern regarding these findings is their sensitiv-
ity to both different methods of quality measurement
and to alternative techniques of interacting quality with

attrition. Table 6 presents the impact of quality on
attrition from combinations of alternative specifications
of both Egs. (1) and (3). For ease of comparison, the
first row of Table 6 summarizes the results of Tables 4

and 5.
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Table 5
Marginal logit estimates of male teacher attrition

Variable Logit 5 Logit 6 Logit 7 Logit 8
Qualityy,,, ~0.0031
(—0.006)
Quality g 0.0035
(—0.0022)
QualltAmemg —0.0038
(—0.0025)
A *
Quality, ening =00
(—0.0059)
Salary —0.0013** —0.0013%* —0.0013** —0.001 1**
(—0.0006) (—0.0006) (—0.0006) (—0.0006)
Experience —0.008** —0.008*** —0.008** —0.007**
(—0.003) (—0.003) (—0.003) (—0.003)
Experience? 0.0002** 0.0002%** 0.0002** 0.0002**
(—0.00009) (—0.00009) (—0.00009) (—0.00009)
Probationary 0.009 0.008 0.009 0.008
(—0.028) (—0.028) (—0.027) (—0.026)
Age>55 0.024 0.021 0.024 0.029
(—0.033) (—0.033) (—0.033) (—0.036)
Masters of education —-0.014 —0.013 —0.014 —0.011
(—0.015) (—0.015) (—0.015) (—0.014)
Other masters -0.014 -0.014 —0.013 —0.009
(—0.016) (=0.016) (—0.015) (—0.018)
Building pass —0.0006 —0.0006 —0.0006 —0.0003
(—0.0006) (—0.0005) (—0.0006) (—0.0006)
Incoming ITBS —0.003 —0.008 —0.007 —0.009
(—0.015) (—0.014) (—0.015) (—0.014)
Pupils per teacher —0.0012 —0.0013 —0.001 —0.0011
(—0.003) (—0.003) (—0.003) (—0.003)
Building enrollment 0.00005 0.00004 0.00005 0.00004
(—0.00005) (—0.00005) (—0.00005) (—0.00005)
Building free/reduced lunch —0.0002 —0.0002 —0.0002 —0.0001
(—0.0004) (—0.0004) (—0.0003) (—0.0004)
Large city 0.021 0.02 0.021 0.02
(—0.02) (=0.02) (—0.02) (—0.02)
Midsize city —-0.018 —0.017 —0.019 —0.016
(—0.016) (—0.016) (=0.016) (—0.016)
N 460 460 460 460
Chi square test of 0 slopes 34.22%** 34.60%** 34.57%** 37.81%**
County dummy variables present? Yes Yes Yes Yes
% Of attritions correctly predicted 75 75 75 79.1
% Of continuers correctly predicted 77.5 78.2 7.2 78.9

Notes: Standard errors of quality variables adjusted [or measurement error using Gawande’s (1997) method. Robust standard errors in
(). *** {**} indicate significance at the 99% {95%} [90%] level. The coefficients on the percent of a building’s students who are black,
Hispanic, or American Indian, as well as the constant, are not reported and are available from the author by request. Incoming ITBS is
the classroom average ITBS discipline score matched to the WASL discipline.

Because wide variation of building characteristics
exist within some districts, one concern with the measure
of quality used in Eq. (1) is that of omitted building
variables. For instance, the largest school district
represented in this sample, Seattle, contains 115 build-
ings that offer the fourth grade some of which have no

students on free lunch and at least one building with
grater than 85% participation in the free lunch program.
Further, teaching philosophy and student achievement is
likely influenced by building principals and building-
specific variables such as parental involvement and
social-demographic influences. By including fixed effects
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for buildings in Eq. (1), the generated quality measure is
conditioned upon building characteristics invariant
across students such as the quality of principals. The
second row of Table 6 reports the impacts of quality on
attrition estimated from Eq. (3) using quality measures
generated by Eq. (1) augmented by building fixed
effects.!” Although the point estimates decrease in
magnitude by about 40%, similar results to the original
model are found. Using this alternative measure of
quality; women with higher quality scores (other than
reading) are likely to remain as teachers while the impact
of quality on male attrition is insignificant.

A related concern is that different districts have
policies that discourage teacher exit. For instance, some
districts lighten a teacher’s workload by hiring consider-
able numbers of paraprofessional teachers while other
districts hire very few supplementary instructors. This
difference in work conditions may impact teacher
attrition. If these policies are related to quality, then
the logit model explaining teacher attrition will be
biased. In order to control for this possibility, district
dummy variables were added to the logit models of
Eq. (3). The resulting estimates of quality on attrition
are listed in the third row of Table 6 and again, no
qualitative differences are found when compared to the
original model.

Another possibility is that teacher attrition depends
upon unobservable building characteristics. At the
building level, strong principals may generate greater
annual gains among students than buildings with less
able principals. If strong administrators also tend to
retain teachers, then the methods used previously would
overstate teacher quality and incorrectly find better
teachers are less likely to leave. Further, the variety of
fourth grade situations in Washington buildings varies
greatly. For instance, one school building in the Seattle
school district operates 11 different 4th grade class-
rooms while another building in rural Washington
operates a 4th grade classroom with 3 students. In
order to control for unobserved variation by school
building that influences on attrition, the fourth row of
Table 6 employs a building-level random-effects logit
specification. Combined with the quality measure
generated with building dummy variables, the results
reported in the fourth row of Table 6 most comprehen-
sively control for unobserved building- and district-level
heterogeneity. Although the magnitudes estimated in
this procedure are smaller than the previous three, the
writing, listening, and mathematics estimates remain
both statistically and economically important for

"%Because each building is represented by a dummy variable
in this construction, it was necessary to exclude the two
measures in Eq. (1), which did not vary within a building: the
percent of students on free/reduced lunch and the percent of
previous students who passed the WASL.

women teachers. A one-standard deviation increase in
math and writing quality decreases attrition probabil-
ities by .58% and .63%, respectively.

In order to check for robustness across panel
estimation techniques, the final four rows of Table 6
report the impact of quality on attrition when equation
one is estimated with fixed rather than random effects.!!
This technique was employed by Rockoff (2004) to
measure teacher quality. In all fixed effects specifica-
tions, the same pattern as the random effects specifica-
tions was found: high ability women are less likely to
exit while no significant pattern for men exists.

One consistent result across specifications involving
women is the insignificance of reading quality on
attrition. In light of the significance of the other quality
variables, this finding is surprising. One potential
explanation is that reading quality suffers from mea-
surement error. This is suggested by Table 3’s histogram
of reading quality that demonstrates a small number (9)
of high ability teachers who chose to exit. To check for
this possibility, the high-ability instructors who exited
were excluded from the sample and the building random
effects specification re-estimated. The (unreported)
results are qualitatively the same; reading quality does
not impact attrition for either men or women.'?

3. Discussion

Teacher quality and student performance are inher-
ently important issues to public education. Public
perception is that schools lose their best teachers to
outside opportunities while retaining the least compe-
tent. The evidence presented in this paper suggests
otherwise. Specifically, fourth grade female teachers are
less likely to leave teaching if their students perform
above expectations after controlling for student, build-
ing, and teacher characteristics. Depending upon the
specification used, a female teacher one standard
deviation above her peers in mathematics quality is
between .58% and 1.3% less likely to exit at the end of
the school year. Similar, if not slightly larger, estimates
are found for both writing and listening quality
measures. Over the time of this study, 4.9% of female
teachers left the profession, thus a .58% change in the

"Estimating teacher quality through fixed effects precludes
the use of any measurable teacher variable that does not vary
within a classroom. Thus teacher’s experience, gender, educa-
tion, class size, and peer effects are excluded from Eqs. (1) and
(2) in these specifications.

“In fact a second specification involved excluding all
teachers, whether they exited or remained in the profession,
who scored more or less than three standard deviations from
the quality mean. Again, no qualitative differences from the
results reported in Table 6 were found.
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probability of exit represents nearly a 12% change in
attrition potential. To put this in context, Table 4
reports an additional $1000 salary is estimated to
diminish female attrition by .17%—thus a .58% change
in the probability of exit is equivalent to raising annual
salaries by $3400—equivalent to a 7% annual raise for
the average teacher. Given the likelihood of both
measurement error and an upward bias in the quality
estimates, there is reason to believe that these estimates
represent a lower bound on the impact of quality on
attrition.

The finding that high-ability women are less likely to
exit is interesting in light of recent research by Hoxby
and Leigh (2004) and Corcoran, Evans, and Schwab
(2004), who argue that the average quality of new female
teachers has declined over time as women have
succeeded in employment fields traditionally reserved
for men. Although my work cannot address quality
changes over long time periods nor does it focus on
entrants into teaching, the fact that high quality female
teachers are less likely to exit the profession mitigates
this decline.

A number of reasons for explaining a negative relation-
ship between quality and attrition are possible. First, it is
likely that teachers who perform well receive valuable
intangible benefits. Teachers value the esteem of their
colleagues and may increase their chances of choosing
future students, buildings, and districts. It is possible that
better performing teachers receive promotions, class
release time, or professional development opportunities.
It is also likely that individuals with the inclination to
teach will be more able instructors. If that inclination is
such that these individuals would require a pay premium
to leave teaching and if non-education employers refuse to
pay this premium, then higher-quality teachers would be
less likely to exit. Of course individuals attracted to
education likely value high performance in their students
and would be less likely to quit.

Other explanations for this paper’s findings are
possible. For instance, if truly high quality teachers
refuse to “teach to the test,” and low quality teachers
do, then it is possible that low quality teachers are
incorrectly identified as high quality using a test-based
measure. If the truly low quality teachers have fewer job
opportunities, are less likely to exit teaching, and more
likely to “teach to the test”, then one would expect to
find a negative relationship between attrition and a test-
based measure of quality. However, presumably men
have the same temptation to teach to the test as women
yet no significant negative relationship was found for
men suggesting that the results were not driven by
teaching to the test.

The findings in this paper may also be influenced by
the grade level examined. The extent to which the skills
that make a successful fourth grade teacher marketable
in other jobs is unknown. If these skills are specific to the

teaching profession and successful teachers spend effort
developing these skills, then it is not surprising that they
are less likely to exit. Having invested in teaching-
specific skills, perhaps the high quality fourth grade
teacher has invested in fewer general skills valued by
other employers. This is likely to be less of a factor at
higher-grade levels where teachers specialize in an
academic field of study, which is potentially more valued
by employers. Thus, one must be careful extending these
results to higher grades.

The grade level examined possibly explains why
women of higher reading quality demonstrate insignif-
icant attrition proclivities whereas other quality mea-
sures are negatively correlated with attrition. If reading
instruction is the prime goal of the fourth grade, then
individuals teaching reading well may be more attractive
to private schools or social agencies dealing with
children of that age. These added opportunities to exit
may be counterbalanced by the intangible benefits of
being a good reading instructor with the end result being
an insignificant impact of reading quality on attrition. If
math, writing, and listening are skills less emphasized at
the fourth grade, then teachers succeeding in these
subjects would not receive as many opportunities to
leave public schools.

This paper documents a large disparity in teacher
attrition when sorted by gender. Generally, higher-
quality female teachers are less likely to leave whereas
quality is not a predictor of male exits. As a matter of
fact, other than salary and experience, little else predicts
male teacher exit. Dolton and van der Klaauw (1999)
suggest a possible reason: rather than choosing to stay at
home with a family or exiting to follow a spouse who
changes jobs, men are more likely to exit teaching only
upon retirement or the termination of a contract. On the
other hand, women, who are likely to be second-wage
earners, have more latitude to leave teaching. With this
latitude, women are more sensitive to the intangible
benefits of quality and job conditions.

Finally, the econometric methodology employed by
this paper has possible extensions in the education
literature as well as applied work in other fields. The
interaction between salary and quality is of obvious
interest as is the decision of higher-quality teachers to
leave districts for better schools. As mandated by the
NCLBA, failing schools are required to replace their
teachers. A measure of teacher quality will help explain
if those schools are failing because of poor teachers or
because those schools draw from an underachieving
group of students.
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