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What We Studied

This study presents robust evidence on the relationship between teacher pay and turnover using detailed panel data
from Texas. While controlling for changes in district and local labor market characteristics, | estimate an overall
turnover elasticity of —1.4 and show that the effect is largest for inexperienced teachers, declines with experience, and
disappears around 19 years of experience. Combining these results with what we know about the relationship between
teacher value-added and experience, | show that paying teachers more improves student achievement through higher
retention rates. The results also suggest that adopting a flat salary schedule may be a cheap way to improve student
performance. I find no evidence that pay effects vary by the teacher's gender or subject taught.

Important questions that continually confront education policy makers are how much should we pay teachers and how
should we shape the teacher salary schedule. Conventional wisdom suggests that paying teachers more will likely
improve student outcomes by attracting and retaining better teachers or by influencing current teachers' effort choices.
While the potential for a relationship be-tween teacher pay and student achievement exists, current research fails to
make a strong connection. The focus of this research is to pro-vide evidence on this relationship so that policy makers
can make better decisions regarding the level of teacher pay and the shape of the pay schedule.

Prior studies of the relationship between teacher pay and student outcomes often show null or even negative effects
(Hanushek, 1997, 2003). For example, in surveys of the literature prior to 1995, Hanushek (2003,1997) reports that of
119 estimates of the relationship between teacher pay and student performance only 20% are positive and statistically
significant, while 7% are negative and 73% are insignificant. A more recent study by Loeb & Page (2000) might
provide the best evidence of a relationship between student performance, as measured by dropout rates and college
enrollment, and teacher pay. However, even their estimates are likely biased since they cannot control for all time-
varying district or state characteristics that may be correlated with changes in teacher pay.

A major reason for a lack of strong evidence in this area stems from the fact that estimating the direct causal link
between district salary schedules and student achievement is challenging. First, one must control for changes in district
characteristics that may be correlated with changes in student achievement and changes in the salary schedule. This is
difficult even when one has access to panel data, since many time-varying district characteristics are unobserved, such
as parental support and comprehensive measures of student quality. Second, a change in teacher pay today is likely to
influence student outcomes in current and future periods. For example, raising teacher pay may have an immediate
impact on the quality of the school, but it is not clear whether that effect will show immediately in student outcomes or
if the effect will appear 10 years into the future, as Loeb & Page (2000) model it. If the positive effects of pay increases
do not reveal themselves until several years into the future, the task of adequately controlling for changes in district-
level characteristics in the periods between a pay increase and the time that the pay increase manifests itself becomes
even more difficult.
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Overall, the current evidence of a relationship between teacher pay and turnover is too weak to inform policy regarding
changes in the salary schedule. To better inform policy, we need a study that provides more robust and detailed
estimates of the base pay effect. In particular, given what we know about the relationship between student performance
and teacher experience, if we uncover how pay effects vary with teacher experience, we can better understand how
changes in teacher pay may be related to student performance.

This study contributes to the literature by providing the most robust and detailed estimates to date regarding the
relationship between teacher pay and turnover. A large and detailed panel dataset allows this work to overcome many
of the difficulties encountered by previous researchers. With this data | am able to estimate teacher pay effects while
flexibly controlling for changes in district characteristics and changes in local labor markets.

I find strong evidence of a negative causal relationship between teacher pay and turnover. My estimates suggest that a
1% increase in teacher pay reduces teacher turnover by 0.16 percentage points. In terms of elasticity, this suggests that
a 1% increase in teacher pay reduces the turnover rate by 1.4%. Further, this pay elasticity is largest (in absolute value)
for less experienced teachers and begins to decrease rapidly after around 7-8 years of experience. The effect disappears
for teachers with around 19 or more years of experience. I find no evidence that pay effects vary by the teacher's
subject taught or gender.

Combining these results with our knowledge of the teacher experience—productivity profile, I show that increasing
teacher pay improves student performance by retaining more teachers, which increases the average experience of
teachers in the district. | also show that districts may improve student performance by adopting a flat salary schedule,
but this result depends on strong assumptions about teacher selection and effort that have not been tested. In terms of
size, | show small effects of paying higher teacher salaries, but | argue that these estimates are likely lower bounds on
the pay effect since | focus on only the retention effects of a pay increase. Increasing teacher pay is also likely to
improve student performance through mechanisms not considered in this study.

How We Analyzed the Data

This study employs administrative data from the Texas Education Agency (TEA) which cover the years 1996-2012.
The data is a teacher-level longitudinal file containing over 5 million teacher-by-year observations that identify teacher
experience, degree, full-time equivalence (FTE), base pay, district affiliation, subject taught, and gender.

From this data, | construct teacher turnover rates for teachers with a bachelor's degree that vary by district, year, and
experience. To create this turnover measure, I adopt the following definition of the turnover rate for teachers with
experience e in district j during year t (turnoverjte): turnoverjte is the percent of full-time equivalent teachers employed
by district j in year t with experience ¢ that are no longer employed by district j in year (t + 1). This turnover definition
does not distinguish between different types of turnover, such as teachers leaving the district for a different district or
leaving the profession completely or temporarily taking a leave of absence. This definition of turnover simply measures
the percentage of teachers who leave a district for any reason.

Naturally, this definition of turnover does not allow one to observe turnover rates in 2012, so the sample used in the
analysis is restricted to years 1996-2011. Also, in order to observe a turnover rate in a district-by-year-by-experience
cell, there must be at least one teacher observation within the cell. I restrict the analysis to districts that have at least
one full-time teacher in each of the 336 year-by-experience cells defined by the years 1996-2011 (16 years) and
experience levels 0-20 (21 experience levels). There are 165 districts in the sample that employ at least one full-time
teacher in each of these 336 experience-by-year cells, and therefore satisfy this restriction. The sample that I analyze
thus contains 55,440 district-by-year-by-experience observations of turnover rates.

Using the individual teacher pay data, | also reconstruct each district's salary schedule for teachers holding a bachelor's
degree over the years 1996-2011. To do so, | collapse teacher base salary to 55,440 district-by-year-by-experience
observations of the median base salary of full-time teachers employed within the cell.
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What We Discovered

In terms of policy, the results presented here suggest that subject specific base pay changes are not likely to perform
better in terms of reducing turnover rates relative to broader base pay changes that apply to teachers of all subject
areas. However, the results imply that base pay increases that are targeted to less experienced teachers would be more
cost effective in reducing turnover than general pay in-creases. Also, a flat salary schedule in which teachers make the
same salary regardless of experience would perform better in terms of retaining teachers than the typical salary
schedule which awards pay increases for each year of experience. Below, | discuss the implications for student
achievement growth if districts were to shift their salary schedule through base pay increases, adopt a flatter schedule,
or do both.

Before I can link teacher pay to student achievement, I first provide a brief summary of what we know about the
relationship between teacher experience and student achievement. There is a large amount of literature and consensus
on this topic. The evidence suggests that teachers improve with experience, in terms of their value-added to student
performance on standardized exams. Each study reveals a similar experience—productivity profile. Teacher
performance improves dramatically in the first 4 years of teaching and then levels off in subsequent years. The average
profile suggests that a student assigned to an experienced teacher (4+ years of experience) gains, on average, 0.08
standard deviations more over the school year than she would gain had she been assigned to a new teacher.

It is important to note that these studies estimate within-teacher productivity profiles, in that they show the expected
productivity gains of an individual teacher over her career. This is important because the productivity growth is not a
result of correlation between fixed teacher quality and experience, since their models include teacher fixed-effects.
Therefore the profile is not simply the result of attrition by less able teachers, but rather average productivity gains by
the typical teacher.

One concern for bias in these profiles, however, is that the sample is not a random draw of all teachers. These profiles
are identified using teachers that have more than one productivity (value added) observation, and as such the sample is
restricted to teachers who continue to teach for more than 1 year. In the context of this study, we want to know the
productivity profile for all teachers, which could be different than the profile for teachers who remain in the district for
at least 2 years.

Papay & Kraft (2011) test this possible source of bias by comparing initial growth rates of teachers who remain in the
district to teachers who eventually leave. They find no evidence that teachers who stay have differing growth
trajectories than teachers who leave. By combining this average profile with the experience-specific marginal effects of
base pay on turnover, | am able to simulate the impact of alternative salary schedules on student performance.

From the distributions shown one can see that when a teacher leaves the district, the average teacher hired to replace
her is likely to be less experienced. In fact, the distributions suggest that the average teacher who leaves the district has
6.2 years of experience and is re-placed by a teacher with, on average, 1.8 years of experience. In terms of
productivity, this suggests that each time a teacher is lost to turnover, on average, each student that will be taught by
her replacement will gain 0.015 standard deviations less in achievement over the school year relative to what he or she
would have gained had the incumbent teacher been retained.

Given this benefit of retention, I examine four pay policies that may influence retention and student achievement:
maintaining the original salary schedule, awarding a 5% salary increase so that each cell on the schedule is increased
by 5%, adopting a flat salary schedule that has the same total payroll next period as the original schedule, and
combining the 5% pay increase with a flat schedule. The total payroll in the policy that combines the flat schedule and
5% increase is the same as the schedule with the 5% pay increase.

Using the estimated marginal effects of pay on turnover rates, | simulate the effects of these salary schedules on
student achievement growth. Throughout the simulation, I assume that the distribution of new hires does not change
with the salary schedule. By doing so, | focus on the retention effects of a salary schedule change and ignore any
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selection effects. A salary increase (an upward shift in the salary schedule) likely improves the distribution of new
district hires by attracting more experienced teachers to the district and potentially attracting teachers with a higher
fixed ability. Since I ignore these potential benefits in the simulation, these results can be viewed as lower bounds. |
leave a thorough investigation of these potential selection effects to future research.

If the district maintains its original salary schedule, then the distribution of teachers in the district does not change and
teacher productivity remains constant. With this policy, relative teacher value-added is 0.067, which implies that the
average teacher in the district adds 0.067 standard deviations more to student achievement than a first-year teacher.
Paying teachers more does have a payoff, although the effects are small. A 5% increase in the salary schedule improves
average teacher value-added by 0.0005 standard deviations within 3 years and 0.0007 within 10 years. This additional
productivity is roughly equivalent to what the average teacher gains annually in value-added between her fifth and
seventh year of experience.

Adopting a flatter salary schedule also improves teacher productivity slightly, and by extension student performance.
By combining a 5%salary increase with a flat schedule, the district further increases average teacher value-added. This
simulation suggests that there is a payoff in terms of retention effects if the district pays teachers more. There also may
be a payoff for adopting a flat salary schedule, although there is a risk that the flat schedule would have a negative
impact on the distribution of new district hires, in that they would be less experienced on average. There is also a risk
that a flat schedule would reduce teacher morale and effort, particularly among veteran teachers. If this occurs, the
positive retention effects of adopting a flat schedule could be erased.

The overall impact of increasing the salary schedule, although shown to be positive here, is likely to be larger than the
simulation suggests. This simulation captures only retention effects of a pay increase. In addition to retaining more
experienced teachers, a pay increase is likely to improve the distribution of new teacher hires (a selection effect),
improve teacher morale and, by extension, potentially increase teacher productivity. Also, raising teacher pay reduces
teacher turnover, which has been shown to have positive effects on student achievement beyond its impact on teacher
experience (Ronfeldt et al., 2013).

Conclusion

This study shows five major results. First, it provides robust evidence that an increase in base teacher pay reduces
teacher turnover. The over-all elasticity is about —1.4. Second, the pay effect is largest for less experienced teachers,
decreases with experience, and disappears once a teacher reaches about 19 years of experience. Third, the teacher pay
effect does not vary substantially across the teacher's subject taught or gender. Fourth, by increasing teacher pay,
districts will likely see an improvement in student performance because the average experience of teachers will
increase. Finally, a flat salary schedule performs well in terms of retaining a more productive distribution of teachers. If
a flat schedule does not alter the distribution of new teacher hires and does not influence the effort choices of veteran
teachers, then adopting a flat schedule may be a cheap way to improve student achievement.

This study focuses on the retention effects of teacher pay policies. To better understand the overall impact of teacher
pay on student achievement, researchers should attempt to estimate the effect of teacher pay on teacher selection and
effort. It is likely that higher pay will also improve student performance through these mechanisms, but evidence on
this is scarce. A better understanding of these mechanisms will also help us predict the overall effects of adopting a flat
salary schedule which, based on retention effects alone, appears to be an effective policy.
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