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Abstract
The strong powers enjoyed by US teacher unions in setting salaries, and the subsequent
absence of a link between salaries and teacher performance have been regarded as one
of the problems affecting US public schools, as these features make it difficult for some
schools to attract and retain the best teachers. This paper exploits a recent reform of public
sector unions in Wisconsin, Act 10 of 2011, which prohibits collective bargaining over salary
schedules and gives districts the freedom to unilaterally set salaries, to study the effects of
changes in salaries on the allocation and retention of teachers. The analysis leverages on
heterogeneities across districts in the implementation of the reform: some districts continued
using a seniority-based salary schedule (SS), whereas discontinued it and started setting
salaries on an individual basis (PP). First, I show that, after 2011, high-quality teachers
disproportionately move from SS districts to PP districts, and low-quality teachers move in
the opposite direction. In addition, low quality teachers exit public schools in PP districts,
either retiring, or taking on different jobs. I then build and estimate a two-sided model of
the teacher labor market, and estimate the demand and supply of teachers. Estimates of
the parameters of the model confirm that teacher responses to changes in salary schemes
depend on quality. Lastly, I use these estimates model to simulate the effects of alternative
salary schemes on the composition of the teaching body, and I show that an increase in merit
pay in one district is associated with an inflow of high-quality teachers and an outflow of
low-quality teachers, which leads to an improvement in the overall quality of the workforce.
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Introduction
Teacher unions have played a major role in shaping the US public education system over the

last century. Active to improve employees’ benefits and working conditions, unions have deeply
affected the functioning of public schools and shaped instructional practices throughout the
country. In more recent times, however, unions have come at the center of an intense political
debate, and often pointed out as one of the main causes of the declining achievement growth of
US public schools in the last years. In particular, unions have been held responsible of hindering
education reform and operating in the interests of the teachers rather than of in those of the
students.
The original objective of teacher unions was to guarantee basic working rights to potentially
weak employees, most of which were women, and to protect them from the risk of grievance.
Over time, the introduction of collective bargaining and a rapid rise in union powers throughout
the country have lead public school teachers to have high salaries, a stable salary growth path,
better working conditions, and a high level of job security. On one hand, these features might
make the teaching profession attractive to talented graduates compared to alternative careers,
allowing schools to hire and retain high-quality educators. These same features, however, could
in principle leave public schools stuck with low-performing employees.
Collective bargaining over salaries has historically prevented the introduction of any link
between teacher performance and pay. In most states, salaries of public school teachers are set
using a ”lock-step” salary schedule, in a teacher’s pay is almost wholly determined by her years
of experience and academic degree (Podgursky, 2006). The absence of a merit component in
teacher pay prevents schools from providing incentives to teachers to exert more effort in the
classroom, and might drive the most talented workers out of public schools. In addition, unions
have fought to secure very generous tenure rights to all teachers. Such rights make it extremely
costly and time-consuming for districts to lay off teachers after a probation period, whose length
varies from 2 years in California1 to 5 years in Indiana and Missouri.2 As a result, strong teacher
unions can deeply affect the composition of the teaching body. Given that variation in teacher
quality explains a large part of the variation in student test scores (Rockoff, 2004), the effects
of changes in union powers on achievement growth can potentially be very large.
Despite this debate, existing empirical evidence on the effects of teacher unions on public
schools is scarce and controversial. A few studies (see Hoxby, 1996; Eberts and Stone, 1987;
Lovenheim, 2009, among others) have explored the direct effect of changes in unionization on
test scores. The effects of unions on the composition of the teaching body, however, have
remained unexplored to date. To fill this gap, in this paper I study the effect of changes in
union powers, and consequent changes in salary schemes, on teachers’ labor market decisions
1
The constitutionality of California statutes around teacher tenure, layoffs and dismissal is currently being
challenged in the Vergara vs. California lawsuit, filed in May 2012 by nine public school student plaintiffs. In
June 2014 the California Superior Court issued a preliminary ruling, finalized in August 2014, finding that the
challenged statutes were unconstitutional. On February 25, 2016 the case was heard by the California Court of
Appeal. A decision from this Court is pending at the time of writing.
2
North Carolina is the only state which effectively abolished teacher tenure with the Senate Bill 361 of 2013.
The Bill introduces one, two or four-year contracts for all teachers. The constitutionality of the provision has
been challenged in the NCAE vs. North Carolina lawsuit. In June 2015 the North Carolina Court of Appeal
ruled the provision unconstitutional.

2

and, in turn, on the composition of the teaching workforce.
In 2011, the Wisconsin legislature passed Act 10, which prohibited school districts from
engaging in collective bargaining over a salary schedule. Prior to this, each district set teacher
salaries using a lock-step schedule based on years of experience and academic degree. Moreover,
districts with similar circumstances tended to have extremely similar schedules owing to‘pattern
bargaining”, in which certain contracts were used as models for other districts. In consequence,
prior to Act 10, a teacher who improved her performance could not expect a pay increase either
within her own district or by moving to another district. The case of Wisconsin was not unusual:
school districts in many other states have used and continue to use salary schedules. This has
made it very difficult for economists to investigate how teachers respond to performance pay,
or pay more generally. There was just very little exogenous variation in pay on which any
empirical exercise could rely.
Act 10 dramatically altered this empirical “desert”. After 2011, districts in Wisconsin
became free to set teacher salaries on an individual basis. In practice, about half of the districts
in Wisconsin abandoned their lock-step salary schedules and began to effectively pay teachers
on an individual basis. They were thus able to compensate teachers for performance, for having
scarce skills (e.g. advanced math and science skills), or difficult assignments. The remaining
half of the districts continued to use their lock-step schedules.
In this paper, I exploit the sharp changes induced by Act 10 to demonstrate how teachers
respond to changes in pay regimes through channels such as (i) which district they teach in, (ii)
selection out of teaching, (iii) selection into teaching, and (iv) improvement of their performance.
I begin with simple reduced-form evidence. Specifically, I demonstrate that districts with
similar circumstances were on similar trajectories with regard to pay and teacher characteristics
prior to Act 10. After Act 10, previously similar districts split into two types that I will
call “‘salary schedule” (“SS”) and “performance pay” (“PP”). I show that, in the immediate
aftermath of the Act, there was a surge in teacher movement among districts. Moreover, as a
simple Roy model would lead us to expect, teachers with high preexisting value-added flowed
disproportionately from SS to PP districts and vice versa. Low value-added teachers in PP
districts were also disproportionately likely to exit teaching altogether. A simple analysis of
test scores reveals that achievement rose in PP districts relative to SS districts after 2011, and
that the rise in achievement is too large to be attributed purely to the inflow of teachers with
high preexisting value-added and the exit of teachers with low preexisting value-added. I argue
that this excess increase in achievement is attributable to two factors. The first is an increase
in effort or performance of incumbent teachers in PP districts, as a result of incentives provided
by the new salary scheme. The second is a disproportionate inflow of new teachers, whose
value-added would turn out to be high, into PP districts.
Having shown this reduced-form evidence, I turn to estimate a formal model of the teacher
labor market. On the demand side, districts offer teaching positions and hire teachers by
selecting them on the basis of a set of characteristics, including value added. In the pre-2011
period, teacher pay is uniquely determined by their academic degree and years of experience.
In the post-2011 period, salaries can be a function of teacher quality such as value added, to
an extent that varies across districts and that I estimate from the data separately for each
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district. On the supply side, teachers apply for positions based on pay and job attributes that
districts offer. While I am by no means the first researcher to estimate a supply-demand model
of teaching (see Boyd et al., 2013; Hanushek et al., 2004; Stinebrickner, 2001, as an example),
heterogeneities in teacher salaries introduced by Act 10 allow me to identify teachers’ preference
parameters in an unusually cleaner way.
The formal model allows me to make two important advances beyond the reduced-form
evidence. First, it allows me to exploit all of the variation in pay regimes induced by Act 10.
In fact, districts did not split neatly into salary-schedule and performance-pay types. Some
performance-pay districts used the freedom to generate salaries that were highly individualized.
Other performance-pay districts made only modest adjustments in pay relative to their old lockstep salary schedules. Thus, the model makes use of much more variation than the reduced-form
analysis. Second, the model allows me to identify fundamental elasticities that can be used to
conduct counterfactual exercises. First, I am able to attach a monetary value to characteristics
of districts and students valued by teachers. This allows me, for example, to quantify how much
more a teacher would have to be paid to teach in a school that is further away, or that has a
higher share of low-income students. Similarly, I can quantify how much more a district will pay
to obtain a teacher whose value-added is higher. Second, estimates of the model can be used to
study the effects of counterfactual policies, such as an increase in merit pay in one district, or
in all districts at once, on the composition of the workforce in each district and in the state as
a whole.
Estimates of the parameters of the model confirm my reduced-form findings. Elasticities of
move and exit are heterogeneous across teachers. In particular, the elasticity of moving to a
district with respect to merit pay is positive for teachers with positive value added and negative
for teachers with low value added. Similarly, the elasticity of exit is positive for teachers with
negative value added and negative for teachers with positive value added.
Finally, I use estimates from the model to understand how the patterns of selection and
retention of teachers would change under a set of counterfactual pay schemes. I focus on four
changes to the salary scheme. The first is a simple increase in the merit pay component of salaries
in one district. The second one is an increase in merit pay in the same district, accompanied
by an adjustment of base wages to keep the district budget constant. The third is a scenario
in which all Wisconsin districts abandon lock-step salary schedules and base part of teacher
pay on teachers value added. The fourth is a reversion to the pre-Act 10 scenario, in which all
districts resume the use of a salary schedule. Results from the first two counterfactual exercises
show that an increase in the merit pay component in one district attracts high-quality teachers
from other districts and drives low-quality ones out of the district, and it increases the average
quality of the workforce in that district. The last two counterfactual exercises are more difficult,
because I observe only a limited amount of data on changes in the supply of new teachers in
response to Act 10. At a minimum, I use historical flows of high and low value-added people
into teaching and apply the disproportionate exit rates of low-valued teachers that we see in PP
districts after Act 10. More ambitiously, I use the observed improvements in achievement in PP
districts to back out how the supply of high value-added teachers must have changed (either
through selection into teaching or improvement while teaching). I then apply these estimated
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changes broadly, to calculate by how much average teacher quality would change in each district.
This paper makes four substantial contributions. First, it performz an unusually wellidentified analysis of supply and demand for teachers that allows us to answer long-standing,
general questions on teacher labor market. Second, it can be seen as as an exploration, in
the personnel economics tradition (Lazear, 2000a,b; Abramitzky, 2009), of how pay affects
selection and incentives. Third, to my knowledge it provides the first evaluation of Act 10 as
a policy. Lastly, it studies the effects of a recent decline in unionization on the teacher labor
market. This represents an improvement over the previous, limited literature on the effects of
unions on schools, which exploited historical evidence of a rise in unionization (due to a lack
in recent variation). If the consequences of a decline in unionization are not symmetric to the
consequences of a rise in unionization, results from this work can be useful in forecasting what
will happen to the teacher labor market if unions are weakened, an event seen by many as likely
to take place in several other states.
The rest of the paper is structured as follows. Section 2 reviews the literature on teachers,
unions, and salaries, and describes the institutional framework of Act 10. Section 3 describes the
data. Section 4 shows evidence of the effect of Act 10 on salaries, teacher labor market choices,
and sorting of workers across districts. Section 5 shows evidence on the effects of Act 10 on
student achievement. Section 6 presents the structural model, estimates of the parameters, and
the implied elasticities. Section 7 studies the effect of counterfactual policies on the composition
of the teaching workforce. Section 8 concludes.

2

Teachers, Unions, and Salaries: Institutional Background and
Literature Review

2.1

Teacher Unions in the US

Teacher unions, like other public sector unions, are largely a post-1960 phenomenon in the
US (Murphy, 1990; Hoxby, 1996). These unions were created from the conversion of existing
teacher professional associations. For example, the National Education Association (NEA), the
largest teacher union in the country, began his activity in in 1857 with the intent of bringing
together several smaller teacher associations across the country. The NEA addressed social and
educational issues relevant at the time, such as child labor and the isolation and compelled
assimilation of American Indian children in reservation schools. Among the biggest issues that
NEA advocated for during the early 1900s were higher teacher salaries, tenure rights, and
pensions (Holcomb, 2006). The American Federation of Teachers (AFT), the second largest
national union, began his activity in 1916. Similarly to the NEA, the AFT fought for higher
salaries, tenure rights, job security and the protection of teachers academic freedom, as teachers
faced the threat of being dismissed for their association with the union or for their personal
political beliefs.3 In addition, the AFT became a leader in collective bargaining agreements
between teachers and school boards and advocated extensively for teacher tenure. Currently,
schools are unionized on a district-by-district basis. Nearly all public school districts have a
3

American Federation of Teachers, History, available at http://www.aft.org/about/history
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teachers’ organization, and most of these smaller, district-level unions are affiliated with the
AFT or NEA. In most states, such as Wisconsin, unions negotiate teachers’ working conditions
with school districts via collective bargaining, and therefore have a large role in shaping the
teaching profession.
A moderately-sized literature on the effects of strong teacher unions has provided contrasting
results. One of the earliest studies to date Eberts and Stone (1987) used individual student
level data to show that the average student performs better in a unionized school district,
whereas the result is reverted for students above or below the mean. Hoxby (1996) showed that
unions increase school inputs but reduce productivity, with an overall negative effect on student
achievement. More recently, Lovenheim (2009) has used data from three Midwest states and
variation coming from union certification elections at the district level, to show that unions
have no effects on student achievement. Due to the lack of recent variation in unionization
rates, these studies have relied on historical changes in union strength. Their results from these
studies are hence difficult to generalize to the current time. This paper contributes to this
literature by studying a very recent policy change involving a decrease in unionization, which
is likely to be replicated in other states in the next years.

2.2

Teacher Salaries and the Role of Unions

Salaries of teachers in US public schools are typically determined via collective agreements.
These contracts are the outcome of a bargaining process between school districts and teacher
unions, and specify the salary of each teacher as a function of education (e.g. a bachelor
or a master’s degree) and years of seniority through a step-lock schedule (Podgursky, 2006).
Collective agreements usually prevent districts from adjusting salaries on an individual basis.
As a result, seniority and education are the only determinants of teacher pay.
The lack of a clear link between teacher salaries and performance in the classroom has often
been pointed out as one of the reasons behind the recent decline in achievement of America’s
public schools (Podgursky and Springer, 2007). In addition, the key role played by the unions
in defending step-lock salary schedules and strong tenure rights has attracted a lot of criticism
towards these institutions. Despite the large debate on the pros and cons of having strong
teacher unions and on the introduction of performance-pay for teachers, empirical evidence on
these issues is scarce and controversial. In this paper, I exploit the recent change in teacher
salaries introduced in Wisconsin as part of Act 10 (2011) to study the effects of a decline in
in the scope of teacher union’s collective bargaining and the introduction of a component of
salaries related to teacher quality. In particular, I use heterogeneities across districts in the
implementation of this reform to study how merit pay affects the composition of the teaching
body.
In the US, state accountability systems introduced with No Child Left Behind, as well as
the poor relative performance of U.S. students in international standardized tests, have called
for a revision of teacher pay policies towards performance-related rewarding schemes. As a
result, in the last decade many states and districts have introduced various merit-based plans
for teachers, in an effort to enhance teacher productivity and recruit more qualified candidates.
These plans are very heterogeneous across states and districts. Most of them are designed as
6

bonuses given to the best teachers based on student test scores. One among the largest is the
District Award for Teaching Excellence, implemented in Texas in 2006. Similar schemes have
been put in place in other states such as Florida and New York.
Interest in performance-pay plans has not been restricted to the US: a number of European
and developing nations have started to implement them. The literature on financial incentives
to teachers has shown sizeable results outside the US (Muralidharan and Sundararaman (2011)
and Duflo et al. (2012) in Indiam Lavy (2002) in Israel, Atkinson et al. (2009) in England,
Glewwe et al. (2010) in Kenya). Plans implemented in the US, however, have failed to yield
large results in terms of achievement growth. Although some studies have found positive effects
of performance pay on student achievement (Ladd, 1999; Figlio and Kenny, 2007), most of
these programs have been shown to be ineffective at boosting student achievement as shown by
Figlio and Kenny (2007); Dee and Keys (2004); Springer et al. (2011); Goodman and Turner
(2013); Fryer (2013) (see Jackson et al., 2014; Neal et al., 2011, for a review). These schemes,
however, only involve a bonus in addition to the salary and contingent on performance, and
do not affect the base wage each teacher receives, or the pay scale. Building on the Wisconsin
experience, this paper assesses the effects of a policy that deeply changed the structure of teacher
pay by eliminating salary schedules and introducing individual bargaining over wages. These
effects might be as large as - and potentially very different from - the ones found in the studies
mentioned above.

2.3

Act 10 in Wisconsin

Public sector unions in Wisconsin have typically been very strong. The state was the first to
introduce collective bargaining for public sector employees in 1959, and has become a right-to
work state only in 2015. In the public education sector, unions have been active in negotiating
salary schedules of teachers with the school districts. These step-lock schedules specify all the
salary increases associated with increases in seniority, and with academic qualifications. Under
these schemes, all teachers with the same level of seniority and education and working in the
same distrcit earn the same salary, and there is no scope for individual-specific salary premia.
Figure 1 shows the salary schedule in place in 2011 in the district of Madison.
On June 29, 2011 the State Legislature passed the Wisconsin Budget Repair Bill. This bill,
also known as Act 10, was aimed at reducing a projected $3.6 billion budget deficit. Among
several other provisions, the bill considerably limits the scope of collective bargaining with
public sector unions, including teacher unions. In particular, it prohibits negotiations over
salary schedules, and limits bargaining to base salaries, i.e. the salaries. For public school
districts this translated into the possibility of offering higher salaries to specific teachers in
order to attract or retain them, effectively creating a competitive market for teachers. Different
districts, however, used the freedom provided by the Act in different ways. Some of them, such
as Madison Public Schools, continued to use a salary schedule. Others, such as Green Bay,
discontinued the use of a schedule, and started setting wages on an individual basis, often with
the explicit goal of rewarding merit and performance.4
4

Information on salary schemes adopted by districts after Act 10 is obtained from each district’s Employee
Handbook, and it is described in more detail in Section 3.
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Table 1 shows characteristics of the two types of districts in the years preceding Act 10
(2007-2011). Salary-schedule and performance-pay districts are equally likely to be located in
urban areas (7.4 percent and 7.4 percent respectively). Performance-pay districts, however,
are 10 percentage points more likely to be located in suburban areas (with an average of 20
percent in salary-schedule districts, and 30 percent in performance-pay districts, difference significant at 1 percent). Property values are significantly higher in performance-pay districts
($831,147 per-pupil on average) than in salary-schedule districts ($616,590). Salary-schedule
and performance-pay districts are similar in terms of enrollment, with 3,055 students on average in salary-schedule districts, and 2,926 students in performance-pay districts. The two types
of districts are also similar in terms of racial composition of the student body, with 3.2 percent of
black students in salary-schedule and 2.9 percent in performance-pay districts. Performance-pay
districts, however, enroll 3.9 percentage points fewer disadvantaged students (with an average
of 36.3 percent in salary-schedule districts, and 32.8 percent in performance-pay districts, difference significant at 1 percent). Students in performance-pay districts perform better in both
mathematics (average test score equal to 476.1) and reading (478.9) compared with students in
salary-schedule districts (average scores in mathematics and reading equal to 472.2 and 475.6,
respectively). These differences are statistically significant, and correspond to approximately
30 percent of a standard deviation in test scores.
Teachers in salary-schedule districts are significantly more experienced (with 14.44 years
on average) than teachers in performance-pay districts (13.83 years on average). Teachers in
salary-schedule districts are also less educated, and significantly more likely to hold a B.A. as
opposed to a Master’s or Ph.D., and have lower value added (-0.0125 compared with 0.0264
for performance-pay districts). Salaries are significantly higher in performance-pay districts
($52,550 on average) compared with salary-schedule districts ($50,422). This is true for both
low-experience (5 years or less) and high-experience (more than 20 years) teachers. Despite this
difference in salary levels, average salaries for low-experience teachers are equal to approximately
63 percent of salaries of high-experienced teachers in salary-schedule districts and 62 percent
in performance-pay districts, suggesting that the step increases associated with seniority are
relatively similar across the two types of districts.
Overall, performance-pay districts appear to be better than salary-schedule districts on the
basis of the above-mentioned characteristics: They are more likely to be located in suburban
and wealthier areas, have a better student body in terms of socioeconomic characteristics and
achievement, and less experienced but more educated and higher-quality teachers, who on average earn higher salaries. These districts might be more prone to adopt practices
that help providing a better education, and for this reason they might have been
the first to embrace an innovative method of setting teacher salaries once given
the possibility of doing so. To assess the extent to which the results of my analysis depend
on these differences between salary-schedule and performance-pay districts, I perform my main
tests on a subsample of districts obtained using propensity score matching based on characteristics of the districts, as well as of the teaching body and of the student body (see Section 4.4
for a description of the procedure).
Changes in the procedures used to determine teacher salaries have the potential of deeply
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affecting the selection and retention of teachers, and in turn the composition of the teaching
workforce. Teacher selection and retention is an issue in virtually all the schools in the country.
Some schools struggle to attract and retain high-quality education, and to fill in important
teaching positions, such as those in mathematics and science (Hanushek et al., 2004). States
have struggled to find ways to provide all students with high-quality educators, in order to
guarantee equality of educational opportunities to all children. Across-the-board increases in
salaries can not be enough to maintain a high-level teaching workforce. Hanushek et al. (2004),
for example, showed that some characteristics of the student body appear to be more important
determinants than salaries in the location decision of a teacher. The large heterogeneities in
salary schemes across Wisconsin districts following Act 10 can in principle have important
consequences on the composition of the teaching workforce in the state as a whole, and in the
distribution of teachers across districts. First, salary prospects can affect the decision of new
graduates of becoming teachers, as opposed to choosing another career. Second, cross-districts
differences in pay scales can induce some teachers to move to a different district. Third, some
teachers might decide to leave public school teaching, and either take on a different job, or
retire. If individual incentives in entering or leaving the teaching profession, and in remaining
in a district or moving, vary across to individual characteristics such as teaching quality, a
reform such as Act 10 has the potential to deeply change the composition of the teaching body
in each district. Given that teachers are the most important input in the production function
of student achievement, the subsequent effects on student academic growth can potentially be
very large.

3

Data
The main data I use in my analysis consists in individual-level information on demographic

characteristics, teaching assignments, and salaries on the universe of Wisconsin teachers. I
use each teacher’s assignment to match teacher data with information on student enrollment
and test scores, recorded at the grade-school-cohort-subject level. In addition, I have collected
information on each district’s teacher salary regime in place after the passage of Act 10, to
understand how each of them has implemented the reform.
Wisconsin Teacher data
Data on the whole population of Wisconsin teachers is taken from the PI-1202 Fall Staff Report - All Staff Files for the academic years 2007-2008 to 2013-2014, published by the Wisconsin
Department of Public Instruction (WDPI). This dataset contains information on all individuals
employed by WDPI in each year. Variables include personal and demographic information such
as full name, year of birth, education, gender, race, basic information on working history (such
as total experience in public schools, as well as experience in the district), information on each
job assignment, including total salary, grades served, subject taught, number of contract hours,
full-time equivalency units, and identifiers for the school and the district each teacher is assigned to. I restrict the sample to non-substitute teachers working in 422 public school districts
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in Wisconsin.5 I normalize salaries to full-time equivalents and to 180 days of contract per
year, to account for differences between part-time and full-time teachers and between teachers
working a smaller number of days. In addition, I exclude teachers whose salaries fall in the top
and bottom 1% of the salary distribution.6 To determine mobility across schools, each employee
is assigned to the school corresponding to his or her higher level of fulltime equivalency units
in any given year.
Table 2 shows summary statistics of the final sample of teachers, separately for the years
2006 to 2011, before the passage of Act 10, and 2012 to 2014. The sample covers a total of
92,342 teachers, 78,307 observed between 2006 and 2011, and 66,849 observed between 2012 and
2014 The size of the sample is slighly decreasing over time, with 58,525 teachers in 2006, 57,272
in 2010, and 54,484 in 2014. Approximately 73.4 percent of teachers are women in the sample,
including 73.1 percent until 2011 and 74.3 percent after 2011. Teachers have 14.78 years of
experience on average, including 14.88 until 2011 and 14.47 after 2011. Overall, 47.4 percent of
teachers hold a bachelor’s degree, 52.0 hold a master’s degree, and only 0.2 percent hold a Ph.D.
The same shares are equal to 48.5, 50.9, and 0.2 percent until 2011, and to 43.9, 55.3 and 0.2
percent after 2011. Average FTE-adjusted salaries increase from $50,620 until 2011 to $53,693
after 2011. The share of teachers moving to a different district increases from 2.2 percent until
2011 to 3.5 percent after 2011. A share of 3.8 percent of teachers leave public schools teaching
until 2011, and 5.2 after 2011. This share includes teachers who change job, start teaching in
private schools, and retire.
School Data
Information on each teacher is matched with school-grade level data based on her job assignment. This data is taken from the Wisconsin Information System for Education (WISE),
and includes total enrollment, as well as a breakdown of enrollment into different classes of
students, defined by gender, socioeconomic status, disability status, race, and ethnicity. This
information is useful to determine the characteristics of the population of students each school
and district serves, and is used in the computation of teacher value added (see Appendix B
for further detail on the procedure).
Student Achievement data
Publicly available data on student achievement includes student performance in Mathematics, Reading, English, Language Arts, Science, and Social Studies in grades 3-8, 10, and 11. This
data is available as average scale scores in the Wisconsin Student Assessment System (WSAS)
at the school-grade-subject level. The WSAS is a comprehensive statewide program designed
to provide information about what students know in core academic areas and whether they can
5

In the period of analysis considered in this paper (2006 to 2014), the following groups of districts consolidated
into one: Trevor Grade School and Wilmot Grade in 2006-2007 (to form the Trevor-Wilmot Consolidated school
district), Chetek with Weyerhaeuser in 2010-2011 (to form the Chetek-Weyerhaeuser Area school district), and
Glidden and Park Falls in 2009-2010 (to form the Chequamegon school district). The Gresham school district
gained independence from the Shawano school district in 2007-2008. For this reason, the number of districts is
424 in 2006-2009, 423 in 2010, and 422 in 2011-2014.
6
The sample entirely excludes teachers employed in the Kenosha school district, as teacher salary data for
this district for the year 2010-2011 contain several evident mistakes.
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apply what they know. It includes: the Wisconsin Forward Exam at grades 3-8 in English Language Arts (ELA) and Mathematics, and at grades 4, 8, and 10 in Science; the New Assessment
(TBD) at grades 4, 8, and 10 for Social Studies; the Dynamic Learning Maps (DLM) at grades
3-11 in ELA and Mathematics, and at grades 4 and 8 - 11 in Science; the ACT Aspire at grades
9 and 10; the ACT Plus Writing at grade 11 for Reading, English, Mathematics, Science, and
Writing, and the ACT WorkKeys at grade 11. Together with enrollment data, achievement
data on Mathematics, Readings, and ELA for grades 3-8 and 10 is used to compute teacher
value added (see Appendix B).
Employee Handbooks and Salary Schedules
School districts disclose the terms of teaching contracts using Employee Handbooks, publicly
available documents that describe duties and rights of each public school teacher. These documents include details on how teacher salaries are determined. I have hand-collected information
on the salary schemes in place in each district after the passage of Act 10 from each district’s
Handbook as posted on its website by December 2015. Employee Handbooks are available
online for 223 out of 420 districts (53%). Taken together, however, these 223 districts enroll
approximately 80% of all Wisconsin students, bein on average larger in terms of enrollment.
In addition, they enroll less disadvantaged students, pay teachers a higher salary, employ lessexperienced but better-educated teachers, and are located in areas with lower property values
per-pupil compared with districts for which the Handbooks are not available (Appendix Table
A2).
Having retrieved the Handbooks, I classify each district as salary-schedule if such schedule
is published in the Handbook, and as performance-pay otherwise. Intermediate cases where
a schedule is published, but there is mention of bonuses linked to performance, I classify the
district as performance-pay.7 The Madison Metropolitan School District, the second largest
Wisconsin district in terms of enrollment, is an example of a salary-schedule district. Even after the passage of Act 10, this district has used a salary schedule to determine teacher salaries.
The schedule is published every year as part of its Employee Handbook (Figure 1).8 In particular, the Handbook specifies that both the initial placement of a teacher on the schedule and
movements across the steps and lanes are solely determined based on seniority and academic
credits. Although it mentions that “The principal or supervisor submits to the Department
of Human Resources a review and evaluation of the teachers performance during the years of
employment in the current improvement level bracket, and recommends that the teacher be or
not be advanced to the next improvement level bracket”, it also specifies that “When there is
no recommendation that the teacher be denied advancement in accordance with the terms and
conditions of this provision, she/he shall automatically be advanced” (Madison Metropolitan
School District, Employee Handbook, p.96).
The Green Bay Area Public School District is the fifth largest Wisconsin district in terms of
enrollment, and the largest among the ones that discontinued the use of a teacher salary schedule
after 2011. Its Employee Handbook does not contain any schedule, and it explicitly states
7

I use the most available Handbook available as of December 2015.
See the Madison Metropolitan School District website, for the most recent version of its Employee Handbook.
The salary schedule is available on p. 148.
8
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that “The District will determine the starting salary for a new employee. Such determination
may take into account any prior experience and education.”9 While the Handbook mentions
the possibility that teacher wages might increase in steps over time, there is no mention that
such steps shall be solely linked to seniority and/or academic credentials. In particular, the
Handbook specifies that “If step increases are part of a position, employees [...] who have
provided satisfactory service, as determined by the District, will advance to the next step [...].
An employee may be held to the previous year’s step for less than satisfactory performance. An
employee may be frozen at his/her previous year’s wage rate for more serious issues.”

4

Effects of Changes in Salary Schedule on Salaries and Teacher
Labor Supply
In this section I document some facts about salaries and labor market choices of teachers

before and after Act 10. I first develop a simple conceptual framework to guide the reader’s
thinking about the effects of a reform of salaries similar to Act 10. I use this framework to
derive simple theoretical predictions which I test using teacher-level data from Wisconsin for
the years 2008-2014.

4.1

Conceptual Framework

In order to understand how salaries and teacher labor market choices respond to a change in
the salary scheme similar to the one introduced by Act 10, I use a simple Roy model to depict
the teacher labor market. I assume two districts exist, A and B. The two districts are identical
in terms of student enrollment. A continuum of teachers maximize their utility, which is a linear
function of salaries w, by deciding in which district to teach. Teachers are identical except for
their quality level θ. I assume θ to be normally distributed with mean µ and variance σ 2 .
I consider two time periods, t = 0 and t = 1, which correspond to the pre-reform and postreform periods. At time t = 0, salaries are set using a salary schedule. As teachers are identical
except for quality, this assumption implies that salaries are fixed and do not depend on quality.
Without loss of generality I assume salaries to be identical across the two districts, and equal
to wA = wB = w̄. Since enrollment is the same across the two districts, teachers are equally
distributed between A and B. Under these assumptions teachers have no incentives to change
district, and the moving rate is therefore zero.
At time t = 1, salaries change in district A to incorporate a merit component. Specifically,
they are set as follows: wA = αw̄ + βθ.10 Salaries in B are instead fixed at w̄. I now establish
the implications of such change on the dispersion in salaries within each district, and on teacher
labor market choices.
Consider first the dispersion in salaries. At t = 0, wages are constant, so their variance is
zero. At t = 1, the variance of wages in district A is as follows:
V ar(wA ) = V ar(αw̄ + βθ|αw̄ + βθ > w̄) = β 2 σ 2 (1 − δ(α, β, w̄, µ, σ))
9
10

(1)

See the Green Bay Area Public School District website for the most recent version of its Employee Handbook.
I assume, without loss of generality, that α > 0 and β > 0.
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where δ is a non-negative function of parameters, always smaller than 1.11 Since salaries do not
change in district B, their variance is zero. This result yields the first prediction of this simple
model:
Prediction 1. Salary dispersion increases in districts that remove the salary schedule.

Consider now a teacher’s decision on where to teach. Utility maximization implies that a
teacher with quality θ will move from district A to district B if and only if wA < wB .12 . As a
result, the probability of moving from A to B is:
P (move from A to B) = P (αw̄ + βθ < w̄) = Φ(

(1 − α)w̄ − βµ
)
βσ

(2)

Analogously, a teacher with quality θ will move from B to A if and only if wA > wB . The
probability of moving from B to A is:
P (move from B to A) = P (αw̄ + βθ > w̄) = 1 − Φ(

(1 − α)w̄ − βµ
)
βσ

(3)

As long as β > 0, these probabilities are positive. Following the introduction of performance
pay in district A, some teachers will find it optimal to move across districts. In addition, the
probability of moving from A to B is a) larger for higher-quality teachers, and b) larger the
larger is β, the parameter that captures the weight of the performance-pay component of salaries
in district A. Analogously, the probability of moving from B to A is a) larger for low-quality
teachers and b) smaller the larger is β. This yields two additional testable predictions.
Prediction 2. The share of teachers moving across districts increases after the removal of
the salary schedule in one of the two districts.
Prediction 3. High-quality teachers move towards the performance-pay district away from
the salary-schedule district, and low-quality teachers move in the opposite direction.
Intuitively, a change in salary schemes that only affects one district and is related to teacher
quality is likely to change the optimal location choice of some teachers, leading to an increase
in cross-districts movements. This happens because the pre-reform scheme overcompensates
low-quality teachers and undercompensates high-quality ones compared to a performance-pay
salary scheme. When performance pay is introduced in district A, undercompensated teachers
working in B will be better off moving to A. Similarly, overcompensated teachers in A will be
better off moving to B to maintain their original salary level.
This simple conceptual framework can be extended to account for exit from the teaching
profession, by allowing the existence of an outside labor market O. This market represents an


φ(k)
φ(k)
Defining k = (1−α)βσw̄−βµ , the function δ(k) can be written as 1−Φ(k)
−
k
. The result follows from
1−Φ(k)
the formula of the variance of a truncated normal.
12
Without loss of generality, I am assuming that moving costs are zero for all teachers
11
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outside option for teachers currently employed in one of the two districts. When employed in
O, workers receive a salary wO = γ w̄ + λθ. In each period, each teacher can decide whether to
work in one of the two districts, or obtain a job in O and therefore exit public schools. I also
assume that moving to a different district entails a cost m, and exit entails no cost. A teacher
working in A will exit if and only if wO > max{wA , wB − m}. Similarly, a teacher working in A
will exit if and only if wO > max{wA , wB −m}. This implies that, at t = 0, teachers who remain
have quality θ <

(1−γ)w̄
.
λ

I denote the highest quality of teachers who remain as θ̄ =

(1−γ)w̄
.
λ

At t = 1, given the above assumptions, no teacher will find it optimal to exit from district B.
There exist teachers working in A who will now find it optimal to move to the outside market.
To see this, it is useful to define some quantities. Denote as θ1 the quality of a teacher currently
working in A who is indifferent between exiting and moving to B: θ1 =

(1−γ)w̄−m
.
λ

Similarly,

denote as θ2 the quality of a teacher currently working in A who is indifferent between exiting
and remaining in A: θ2 =

(γ−α)w̄ 13
β−λ .

Lastly, denote as θ3 the quality of a teacher working in A

who is indifferent between staying in A and moving to B: θ3 =

(1−alpha)w̄−m
.
β

I assume θ2 < θ̄

and θ2 > max θ1 , θ3 , i.e. there always exist both teachers who prefer to exit A, and teachers
who prefer to stay, to rule out non-interesting cases. Under these assumptions, the followings
can happen: The following cases can occur:
• θ1 < θ3 < θ2 < θ̄. In this case, described in the top panel of Figure A1, three groups of
teachers exists among the incumbents in A: those with θ < θ1 (red section), who will be
better off moving to B; those with θ : θ1 < θ < θ2 (green section), who will be better off
exiting; and those with θ > θ2 , who will be better off staying (blue section).
• θ3 < θ1 < θ2 < θ̄. In this case, described in the bottom panel of Figure A1, teachers
with θ < θ3 (red section) will be better off moving to B; those with θ : θ3 < θ < θ2 (blue
section), who will be better off staying in A; and those with θ > θ2 (green section), who
will be better off exiting .
Intuitively, when district A rewards quality at a higher rate than the outside sector, the best
teachers among the incumbents will stay, a group of middle-quality teachers will exit, and a
group of lower-quality teachers will move to B. When instead the outside sector rewards quality
at a faster rate than district A, the best teachers will exit. The first case implies the following
predictions:
Prediction 4. The share of teachers exiting public schools increases after the introduction
of performance pay.
Prediction 5. Lower-quality teachers are more likely to exit after the introduction of performancepay in one district compared with stayers.
I test these predictions using pre- and post-2011 teacher level data from Wisconsin, starting
from the prediction on teacher salaries.
13

I assume θ2 exists and it is finite.
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4.2

Pre-Reform Salaries Across Districts

Before 2011, salaries in Wisconsin were determined using a step-and-lanes salary schedule.
This schedule is a matrix listing seniority levels on the rows (steps), and academic credentials
on the columns (lanes). Each cell of the matrix specifies the salary to be earned by each
teacher falling in that category, and each movement across steps and lanes is associated with an
increase in salary. Figure 1 shows the salary schedule in place in 2011 in the district of Madison.
Before Act 10, both the base salary (earned by teachers with minimum levels of seniority and
credentials) and the step and lock increases were subject to collective bargaining agreements
between each district and the relevant teacher union.
In principle, if we were able to perfectly observe the level of seniority each teacher is assigned
to along with all of her non-teaching duties, we should be able to precisely calculate her salary
using the schedule. Two data limitation issues pose a challenge to this. The first one is the
inability to fully observe extra duties peformed by each teacher, a source of measurement error
in salaries. The second is the imperfect match between total years of experience, as reported in
the data, with the level of seniority that is relevant to place a teacher on the salary schedule.
Work experience outside the district can be discounted, and advancements along the schedule
can be made contingent to the acquisition of specific credentials.
In order to partially address this issue, I adjust years of experience in the following way.
First, I use the empirical pre-reform distribution of salaries in each district and year, for twoyears experience intervals, to back out the relevant salary schedule. I then use this schedule
to understand whether a teacher’s seniority is different than her experience as reported in the
data. To do so, I match each teacher’s observed salary with the level of salary on the schedule
at each experience level, and for the successful matches I compare the level of seniority on the
schedule with the number of years of experience from the data. I then correct the experience as
specified by the schedule for the successfully matched teachers who appear to have misreported
experience.
Figure 2 plots actual salary and salary as determined from the schedule for 633 full-time
teachers with a bachelor’s degree degree employed in the Madison Metropolitan School District
in 2011, after seniority has been adjusted using the procedure above. Two-hundred and fifty-six
teachers on the 45 degree red line (40 percent) are paid as determined by the salary schedule.
Three-hundred and sixty-one teachers below the red line (57 percent) are paid 2.3 percent less
on average than what would result from the schedule based on their total years of experience
as reported in the data. Sixteen teachers above the red line (3 percent) are instead paid 4.6
percent more on average than the schedule. This figure shows that the most frequent cause of
the observed difference between observed salary and salary schedule is due to mismatch between
total years of experience and seniority considered to place teachers on the schedule, which results
in a lower actual salary, and that this difference is small.

4.3

Salary Dispersion Increases in Performance-Pay Districts After Act 10

In the aftermath of Act 10, districts had to face the decision on how to determine the
level of pay of each teacher. With the expiration of pre-2011 collective contracts and the ban on
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collective bargaining over salary schedules introduced by Act 10, each district had to unilaterally
design compensation plans. Some districts decided continue salaries using step-and-lanes salary
schedules, similar to the ones previously determined with the union. Others instead decided to
discontinue the use of the schedule in favor of individually-determined salaries, and attempted
to incorporate a merit component in teacher pay. In this subsection I provide evidence in favor
of the first prediction derived from the theoretical framework on the increase in salary dispersion
in performance-pay districts after 2011.
An example: Madison Metropolitan School District and Green Bay Area School
District
The Madison Metropolitan School District is the second-largest Wisconsin district in terms
of student enrollment. After 2011, this district has used a salary schedule to determine teacher
salaries (Figure 1).14 The Green Bay Area Public School District is the fifth largest Wisconsin
district in terms of enrollment, and the largest among the ones that discontinued the use of a
teacher salary schedule after 2011.15
Figure 3, top panel, shows the empirical salary schedules of the Madison Metropolitan School
District (in grey) and the Green Bay Area School District (in black), for the years 2007-2011
and for teachers holding a master’s degree. Specifically, the figure shows median salaries and
25-75 interquartile ranges of salaries by two-years experience classes. With the exception of
teachers with less than 5 years of experience, whose salaries display higher variability in Green
Bay, the two schedules are very similar before the passage of Act 10 in terms of within-seniority
class salary dispersion. In the Madison Metropolitan School District median salaries are equal
to $41,140 for teachers with 5 or 6 years of experience (with a 25-75 interquartile range of
$2,708), $46,980 for teachers with 9 to 10 years (with an interquartile range of $3,563), and to
$66,512 for teachers with 29-30 years of experience (with an interquartile range of $3,054). In
the Green Bay Area School District median salaries are equal to $42,345 for teachers with 5 or
6 years of experience (with an interquartile range of $2,394), $48,783 for teachers with 9 or 10
years (with an interquartile range of $2,699), and $62,902 for teachers with 29 or 30 years (with
an interquartile range of $2,919).
Figure 3, bottom panel, shows the empirical salary schedule for the same two districts in
the years 2012-2014, after the passage of Act 10. The difference between the two districts’
salary schedules is striking, both in terms of median salaries for each seniority class and salary
dispersion within each class. In the Madison Metropolitan School District salaries increase
slightly to $42,746 for teachers with 5 to 6 years of seniority, $48,963 for teachers with 9 to 10
years of experience, and $68,528 for teachers with 29 to 30 years of experience. While median
salaries slightly increase, salary dispersion decreases. The interquartile range decreases from
$2,708 to $2,696 for teachers with 5 to 6 years of seniority, from $3,563 to $3,109 for teachers
with 9 to 10 years of experience, and from $3,054 to $2,703 for teachers with 29 to 30 years of
experience.
14

See the Madison Metropolitan School District website, for the most recent version of its Employee Handbook.
The salary schedule is available on p. 148.
15
See the Green Bay Area Public School District website for the most recent version of its Employee Handbook.
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Salaries in the Green Bay Area Public School District also increase to $47,294 for teachers
with 5 to 6 years of seniority , $51,194 for teachers with 9 to 10 years of experience, and
$65,578 for teachers with 29 to 30 years of experience. Salary dispersion within each seniority
class increases considerably in this district compared with Madison, especially for teachers with
lower levels of seniority. The interquartile range increases from $2,394 to $11,578 for teachers
with 5 to 6 years of seniority, from $2,699 to $9,100 for teachers with 9 to 10 years of experience,
and decreases only slightly from $2,919 to $2,169 for teachers with 29 to 30 years of experience.
A simple comparison of salaries across the two largest performance-pay and salary-schedule
districts provides suggestive evidence of an increase in salary dispersion in the former after
2011.
Performance-pay vs salary-schedule districts
To generalize this result, I explore the dispersion in conditional salaries across all Wisconsin
districts in the period 2007-2014. To do so I compute the coefficient of variation in salary
residuals, defined as the ratio between the standard deviation of salary residuals and the median
salary. Salary residuals are obtained from a regression of salary on a full set of interaction
between education dummies (bachelor, master’s and Ph.D) with two-years experience dummies,
and estimated separately for each district and for the periods 2007-2011 and 2012-2014.
Figure 4 shows the trend in the average coefficient of variation across performance-pay
and salary-schedule districts. The coefficient of variation is equal to 0.075 in salary-schedule
districts and 0.077 in salary-schedule districts. The coefficient drops to 0.072 in salary-schedule
districts and 0.075 in performance-pay districts in 2009. In 2011 it the same across the two
sets of districts, and equal to 0.075. In 2012, however, it increases to 0.079 in performancepay districts, and only to 0.076 in salary-schedule districts. In 2014 it is equal to 0.078 in
performance-pay districts and 0.075 in salary-schedule districts. This figure provides suggestive
evidence of an increase in the degree of dispersion of the salary component that is not explained
by academic qualifications or seniority in performance-pay districts relative to salary-schedule
districts.
To formally quantify the dispersion in salaries generated by the implementation of Act
10, I test the direct effect of the reform on different quantiles of the salary distribution, as
well as on interquartile ranges, using quantile regressions and comparing performance-pay and
salary-schedule districts before and after 2011 in a difference-in-differences framework. The
10th percentile of salaries is 0.5 percent lower after 2011 compared to before in performancepay compared with salary-schedule districts (Table 3, column 1, significant at 10 percent), and
the 25th percentile of salaries is 2.7 percent lower (Table 3, column 2, significant at 5 percent).
No change can be noted in the 75th percentile of salaries (Table 3, column 3), whereas the 90th
percentile of salaries is 0.2 percent higher in performance-pay districts compared with salaryschedule (Table 3, column 4, significant at 10 percent). Interquartile regressions, which estimate
the effect of the reform on the difference between quartiles of the salary distribution, confirm
an increase in salary dispersion in performance-pay districts after 2011 compared with salaryschedule districts. In particular, the difference between the 90th and 10th salary percentiles
is 0.6 percent larger in performance-pay districts after 2011 compared with salary-schedule
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districts (Table 3, column 5, significant at 10 percent), and the difference between the 75th and
25th salary percentiles is 2.7 percent larger (Table 3, column 6, significant at 3 percent). Taken
together, the descriptive results presented in this subsection show a sizeable increase in salary
dispersion in performance-pay districts in the aftermath of Act 10, compared with districts who
maintained the salary schedule. This is consistent with the first prediction of the theoretical
framework outlined above.
Salaries and teacher quality after Act 10
Having documented an increase in salary dispersion after Act 10 across teachers with similar
characteristics in performance-pay districts, I now test whether this dispersion (as measured by
salary residuals) is related to measures of teacher quality after Act 10. To study this relationship
I measure teacher quality using value, in line with previous studies. I estimate value added
by isolating the component of test scores that is attributable to teachers, once all its other
determinants are taken into account. Specifically, I estimate time-invarying measures using the
Bayes estimates proposed by Kane and Staiger (2008).16
Figure 5 shows a binned scatterplot of teacher value added and salary residuals. These are
obtained from a regression of salaries on year fixed effects, and two-years experience dummies
interacted with education dummies (Bachelor’s, Master’s, and Ph.D), and estimated separately
for each district and for the periods 2007 to 2011 and 2012 to 2014. Salary residuals are intended
to capture the portion of each teacher’s salary that is off the step-and-lane schedule, allowing
for this schedule to differ across districts and before/after the reform. Salary residuals are
uncorrelated with teacher value added before Act 10 in both performance-pay districts (top
panel) and salary-schedule districts (bottom panel). After the reform, however, this correlation
becomes positive, as shown by the positive slope of the continuous lines in Figure 5. The slope
is, however, larger in performance-pay districts compared with salary-schedule districts.
To formally test this, Table 4 shows estimates of the coefficients of a linear regression of salary
residuals on value added, and on an interaction term between value added and a dummy for
post-2011. In the full sample of performance-pay and salary-schedule districts, this correlation
is small and insignificant until 2011 (with an estimated coefficient on VA equal to -$16.24,
Table 4, column 1), and it becomes larger and equal to $82.88 (Table 4, column 1, significant
at 5 percent). The post-reform correlation is larger in performance-pay districts, and equal to
$138.50 (Table 4, column 2, significant at 5 percent), and considerably smaller in salary-schedule
districts, and indistinguishable from zero (with an estimate of $58.81, Table 4, column 3). The
difference of the post-Act 10 correlation between performance-pay and salary-schedule districts
is equal to $84.01 (estimate of VA * PP * post, Table 4, column 4, significant at 10 percent).
These results provide a first piece of evidence that, after the passage of Act 10, performancepay districts used their newly-gained autonomy in setting salaries to pay higher-quality teachers
more.17
16

The impossibility of adequately matching teacher and student records in Wisconsin’s administrative data and
the necessity to use aggregate achievement poses a challenge to the estimation of this measure. As a result, the
measure used here is noisier than the one estimated by Kane and Staiger (2008), but remains unbiased. Details
on the estimation procedure are provided in in Appendix B.
17
I also test whether teachers in specific fields (and in particular Mathematics, English Language and Arts,
Reading, all-subjects elementary teachers) obtain differential salary premia in performance-pay districts after
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To investigate heterogeneities in the salary-value added correlation across districts, I estimate the following model:
wijt = γj g(Xi ) + δj V Ai + ωij

(4)

separately for each district the period 2007 to 2011 and 2012 to 2014. The function g(Xi ) is a full
set of interactions between dummies for teacher i’s academic credentials and two-years seniority
classes. Estimates of the coefficient δj measure the “quality premium”, i.e. the component
of salaries associated with teacher quality, in each district and separately for the pre-reform
and post-reform period. Figure ?? (top panel) shows the distribution of δ across Wisconsin
districts, before and after 2011. Estimates of δ range from a minimum of -$4,638 in Randolph
to a maximum of $4,975 in Linn J6 until 2011, and from a minimum of -$7,587 in Hartford
UHS to a maximum of $26,427 in Silver Lake J1 after 2011. On average δ is equal to -$348
before 2011 (with a standard deviation of $9,799) and to $1,341 after 2011 (with a standard
deviation of $21,722). These correspond, respectively, to -0.7 percent and 2.5 percent of the
average salary, equal to $50,742 before 2011 and $52,882 after 2011.
Figure ?? (top panel) shows the distribution of δ across Wisconsin districts, separately
for performance-pay and salary-schedule districts before and after 2011. In performance-pay
districts, estimates of δ range from a minimum of -$1,511 in Goodman-Armstrong Creek to a
maximum of $13,904 in Lakeland UHS before 2011, and from a minimum of $2,276 in Ellsworth
Community to a maximum of $17,095 in Lakeland UHS. In salary-schedule districts, estimates
range from a minimum of -$3,813 in Lake Geneva-Genoa City UHS to a maximum of $2,191 in
Wheatland J1 before 2011, and from a minimum of -$4,200 in Alma Center to a maximum of
$4,481 in North Lake. On average δ is equal to -$1,356 before 2011 (with a standard deviation
of $19,872) and to $407 after 2011 (with a standard deviation of $3,229) in performance-pay
districts, and to -$97 before 2011 (with a standard deviation of $1,004) and $149 after 2011
(with a standard deviation of $1,227) in salary-schedule districts.

4.4

Effects of Act 10 on Teacher Labor Supply and Sorting Across Districts

Act 10 deeply changed the working conditions faced by teachers across Wisconsin districts.
Until 2011, salaries were determined on the basis of seniority and academic qualifications. The
passage of Act 10 allows districts to take other teacher characteristics into account, such as
productivity and performance, when setting salaries, and to adjust them on an individual basis. Provided that teachers value the monetary component of their job, changes in pay, and
heterogeneities in these changes across districts, affect their incentives to choose the teaching
profession, to remain in the profession, and to move across districts.
Figure 7 provides a first piece of evidence in favor of this by showing trends in the share
of teachers entering public schools, moving across districts, and leaving teaching between 2008
and 2014. The figure shows an increase in teacher movements in and out of the sector and
across districts following Act 10 in 2011. The share of teachers entering the profession declines
2011, or whether their salaries become differentially more correlated with teacher quality. Results from salary
regressions in Table A3 show no evidence in favor of these hypotheses. Math and Reading teachers had higher
salaries before 2011 in both groups of districts, but after Act 10 their salaries become, if anything, lower compared
with salaries of other teachers.
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from 4.3 percent in 2008 to 3.0 percent in 2010 and 3.4 percent in 2011, and it increases to 4.9
percent in 2012, 4.7 percent in 2013, and 5.7 percent in 2014. The share of teachers moving
across districts equals 2.6 percent in 2008, 1.8 percent in 2010, and 1.9 percent in 2011, and it
increases to 3.5 percent in 2012, 3.4 percent in 2012, and 4.3 percent in 2014. Lastly the share
of teachers leaving public schools is equal to 3.9 percent in 2008, 3.1 percent in 2010, and 3.5
percent in 2011, and it increases to 5.9 percent in 2012, 5.1 percent in 2013, and 5.6 percent in
2014.
The second and fourth prediction of the simple model presented above state that teachers
should reallocate towards districts that pay them higher salaries. This implies that the removal
of salary schedules and the introduction of performance pay should lead high-quality teachers
to move out of salary-schedule districts towards performance-pay districts, and low-quality
teachers to move in the opposite direction (as stated by Prediction 3 and 5). In this section
I quantify the responses of teachers to changes in pay along two margins: movements across
districts, and exit from public schools. In addition, I study the selection of teachers in the two
types of districts.
Before bringing these predictions to the data, however, it should be noted that the theoretical
result on sorting across districts can be violated for at least two reasons. The first one is the
difficulty of districts to identify and compensate good teachers. If districts only have imperfect
information on the ability of the workers they employ, high-quality teachers might not be
recognized. If this is the case, these teachers will not immediately receive higher salary offers,
and will have no incentives to move. At the same time, salaries of low-quality teachers might
remain unchanged. The second reason concerns teacher preferences. The teaching profession is
typically characterized by high levels of job security, and for this reason it can disproportionately
attract risk-averse workers. If ability is positively correlated with risk-aversion, the elimination
of salary schedules can lead some high-ability teachers to leave these districts.
4.4.1

Propensity score matching

As shown in Table 1 and discussed in Section 2, performance-pay and salary-schedule districts appear different on the basis of observables. In particular, performance-pay districts are
disprortionally located in suburban and wealthier areas, have less-experienced but better educated and higher-quality teachers, as well as higher achieving and less disadvantaged students.
To assess the extent to which the results from a simple comparison of performance-pay and
salary-schedule districts are due to ex-ante differences between these two groups of districts, I
re-estimate the main tests on a sample obtained using a propensity score matching algorithm
(Abadie and Imbens, 2002). The algorithm matches each performance-pay district with a salaryschedule district on the basis of pre-Act 10 characteristics such as enrollment, indicators for the
district being located in an urban or suburban areas, and average property value per-pupil;
average salaries for all teachers, and separately for teachers with less than 5 years and more
than 20 years of experience, average teacher experience, average teacher value added, share of
teachers holding a B.A., a Masters, and a Ph.D.; share of disadvantaged and black students,
and average test scores in mathematics and reading. Table A1 shows summary statistics of
pre-Act 10 characteristics in 101 performance-pay districts and in 57 matched salary-schedule
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districts. The two groups of districts are considerably more similar in terms of composition of
the teaching body, with no significant differences in experience, education, and average value
added, and reduced differences in salaries.
Entry in the teaching profession
Changes in salary schemes faced by Wisconsin teachers can have an effect on both the stock
of new teachers entering the profession, and on the characteristics of entrants. The increase in
vacancies caused by the increase in the rate of exit and reallocation of teachers across districts,
documented in Figure 7, could have led a larger number of workers to become public school
teachers. In addition, changes in salay schemes after 2011 could have affected the selection of
workers in the teaching profession.
Figure 8 shows the share of teachers entering the teaching profession, separately for performancepay and salary-schedule districts. In performance-pay districts, new teachers represent 1.4 percent of the workforce in 2007, 1.7 percent in 2009, and 1.4 percent in 2011. The share of entrants
increases to 2.3 percent in 2012, 2.1 percent in 2013, and 2.3 percent in 2014. In salary-schedule
districts the share of new teachers is 4.4 percent in 2007, 3.0 in 2009, and 2.0 in 2011, and it
increases to 2.5 in 2012, 2.6 in 2013, and 3.5 in 2014.
Table 5 shows the characteristics of teachers entering the teaching profession in Wisconsin public schools, separately for performance-pay and salary-schedule districts, and for the
years 2007-2011 and 2012-2014. In performance-pay districts, new teachers are on average
30.4 years old, in salary-schedule districts they are 31.7 years old. Salaries of new teachers
increase by $2,704 on average between 2007-2011 and 2012-2014 in performance-pay districts,
and by $2,495 in salary-schedule districts. The share of teachers holding a bachelor’s degree
increases by 1.4 percentage points in performance-pay districts, and by 1.6 percentage points in
salary-schedule districts. Table A4 shows the characteristics of entrants in performance-pay and
matched salary-schedule districts. In the matched sample of salary-schedule districts, salaries
of entrants increase by a smaller $1,867, and the share of entrants holding a bachelor degree
increases by a larger 2.7 percent.
Although the lack of a reliable measure of quality for new teachers does not allow to adequately assess the patterns of selection with respect to teacher quality, the evidence provided
here suggests that entrants to performance-pay districts are better selected after 2011 compared with entrants to salary-schedule districts, at least on the basis of education. In addition,
entrants are better paid in performance-pay districts compared with salary-schedule districts,
which suggests an improvement in the selection of entrants in these districts after 2011.
Movements across districts
I now study the evolution of the share of teachers changing district over time. The share
of teachers moving across Wisconsin districts increased from 1.6 percent between 2007 and
2011 to 2.6 percent between 2012 and 2014. Figure ?? shows the evolution of the number
of teachers moving across the two types of districts (performance-pay and salary-schedule)
over time, expressed as a share of the total number of teachers employed in Wisconsin. The
share of teachers moving from salary-schedule to performance-pay districts increases from 0.4
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percent between 2007 and 2011 to 0.8 percent between in 2014. The percentage of teachers who
move in the opposite direction, i.e. from performance-pay to salary-schedule districts, increases
from 0.3 between 2007 and 2011 to 0.9 percent in 2014. The share of teachers who reallocate
within salary-schedule districts increases from 0.5 percent between 2007 and 2011 to 0.9 percent
between 2012 and 2014. Lastly, the share of teachers who reallocate within performance-pay
districts increases from 0.4 percent between 2008 and 2011 to 0.9 percent between 2012 and
2014. These movements indicate a substantial degree of reallocation across districts in all
directions. Consistently with the theoretical framework, the reallocation involves teachers who
are working in salary-schedule districts slightly more, but it is also quantitatively important for
performance-pay districts.
I now explore the identity of teachers moving across districts, to shed light on the patterns of
sorting. The top panel of Figure A2 shows average value added of teachers moving to a different
district, by district of destination. The figure shows that, after 2011, average quality of movers
to salary-schedule districts decreases. Average value added of these teachers decreases from
-0.031 in 2008-2009 and 0.169 in 2010-2011 to -0.087 in 2014. Average value added of movers
to performance-pay districts, on the other hand, increases from -0.111 in 2008-2009 and -0.036
in 2010-2011 to 0.016 in 2014. The central panel of Figure A2 shows instead average value
added of movers by district of origin. Average quality of teachers moving out of performancepay districts is equal to -0.064 in 2008-2009, increases to 0.038 in 2010-2011, and decreases to
-0.065 in 2012-2013 and to -0.045 in 2014. Average quality of teachers moving out of salary
schedule districts, on the other hand, is equal to -0.050 in 2008-2009 and 0.076 in 2010-2011 to
0.010 in 2012-2013 and -0.005 in 2014. Lastly, the bottom panel of Figure A2 shows average
quality of teachers moving across the two types of districts. Value added of movers from salaryschedule to performance-pay districts is equal to -0.125 in 2008-2009 and -0.076 in 2010-2011,
and it increases to 0.055 in 2012-2013 and 0.046 in 2014. Value added of teachers moving in
the opposite direction, on the other hand, is equal to -0.069 in 2008-2009, 0.042 in 2010-2011,
and it decreases to 0.016 in 2012-2013 and to -0.107 in 2014. These figures provide suggestive
evidence of a flow of higher-quality teachers from salary-schedule to performance-pay districts
after 2011, and a flow of lower-quality teachers in the opposite direction.
To test this evidence in a formal way, I estimate a difference-in-difference model to compare
value added of movers to performance-pay and salary-schedule districts, before and after Act
10:
V Am
jt = β0 + β1 P Pj + β2 P Pj ∗ postt + τt + εjt

(5)

where V Am
jt is average value added of teachers moving to district j in year t, P Pj equals 1 for
performance-pay districts, postt equals 1 for years after 2011, τt is a vector of year fixed effects,
εjt is the error term. In this model the parameter β2 captures the increase in the difference in
value added of movers to performance-pay districts compared with movers to salary schedule
districts after 2011 compared with before. Estimates of this model indicate that value added
of movers to performance-pay districts, regardless of their district of origin, is 9.6 percent
of a standard deviation higher compared with value added of teachers moving within salaryschedule districts, although this coefficient is estimated imprecisely (with an estimate of β2
equal to 0.0781, Table 6, column 1, p-value equal to 0.37). Value added of movers from salary22

schedule to performance-pay districts is 23.6 percent of a standard deviation higher compared
with value added of teachers moving within salary-schedule districts (with an estimate of β2
equal to 0.2556, Table 6, column 2, significant at 10 percent). Value added of movers within
performance-pay districts, on the other hand, is not statistically different from that of movers
from performance-pay to salary-schedule districts (with an estimate of β2 equal to -0.0958, Table
6, column 3, p-value equal to 0.50).
To explore the time pattern of teacher sorting across districts, I estimate the following
model on the subsample of teachers moving from performance-pay to salary-schedule districts,
and those moving in the opposite direction:
V Am
jt =

2014
X

βs P Pj ∗ θs + θt + εjt

(6)

s=2006

where θs are two-years time dummies. Figure 11 estimates and confidence intervals of the
coefficients θs , which capture the difference between average value added of movers from salaryschedule to performance-pay districts and average value added of movers from performance-pay
to salary-schedule districts. This difference is small until 2011, with a maximum of 1.6 percent of
a standard deviation in 2006-2007 and a minimum of -6.2 percent in 2010-2011, and it increases
to 14.0 percent in 2012-2013 and to 20.3 percent in 2014.
Lastly, I investigate how teachers moving to a different district compare with incumbents in
this district, to shed light on the selection of movers with respect to their district of destination.
I estimate the following model, separately for performance-pay and salary-schedule districts:
V Agjt = β0 + β1 Mg + β2 Mg ∗ postt + τt + εjt

(7)

where V Agjt is average value added of group g of teachers in district j and year t, g =
{mover, incumbent} denotes the group of teachers, and Mg equals 1 when g = mover. Estimates of the parameter β1 capture the difference in value added between movers and incumbents
across districts until 2011. Estimates of the parameter β2 capture changes in such difference
following Act 10. An estimate of β1 equal to -0.0500 for the subsample of performance-pay districts indicates that value added of movers is 5.0 percent of a standard deviation lower compared
with value added of incumbents until 2011 (Table 7, column 1, significant at 10 percent). An
estimate of β2 equal to 0.0168 indicates that the negative selection of movers in their district of
destination is reduced by 1.8 percent of a standard deviation after 2011, although this effect is
imprecisely estimated (Table 7, column 1, p-value equal to 0.77). For the subsample of salaryschedule districts, on the other hand, an estimate of β1 equal to 0.0277, indistinguishable from
zero, suggests no clear pattern of selection of movers in their district of destination until 2011.
After this period, an estimate of β2 equal to -0.0475 suggests that, if anything, movers become
more negatively selected, although this effect is not statistically different from zero (Table 7,
column 2, p-value equal to 0.47). The post-2011 difference in the selection of movers in the
district of destination between performance-pay and salary-schedule districts is estimated by
the triple interaction PP * mover * post in column 3 of Table 7. An estimate of 0.0649 confirms
that the selection of movers to performance-pay districts improves after Act 10 compared with
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salary-schedule districts (p-value equal to 0.38).
Performing these tests on the sample of performance-pay districts and matched salaryschedule districts yields similar results.Figure ?? shows average quality of teachers moving across
the two types of districts. Value added of movers from matched salary-schedule to performancepay districts is equal to -0.129 in 2008-2009 and -0.094 in 2010-2011, and it increases to 0.129 in
2012-2013 and 0.048 in 2014. Value added of teachers moving in the opposite direction, on the
other hand, is equal to 0.077 in 2008-2009, 0.007 in 2010-2011, and it decreases to 0.047 in 20122013 and to -0.253 in 2014. Comparing value added of movers to performance-pay and matched
salary-schedule districts, before and after Act 10, indicates that in the subsample of matched
salary-schedule districts, movers to performance-pay districts have value added 30.0 percent
of a standard deviation higher compared with movers to other salary-schedule districts after
Act 10 compared with before, (Table A5, column 2, significant at 1 percent). The difference
between average value added of movers from salary-schedule to performance-pay districts and
average value added of movers from performance-pay to salary-schedule districts is small until
2011, with a minimum of -12.2 percent of a standard deviation in 2006-2007 and a maximum of
7.9 percent in 2010-2011, and it increases to 40.4 percent in 2012-2013 (significant at 5 percent)
and to 9.3 percent in 2014 (Figure A3). In addition, the selection of movers to performance-pay
districts improves after Act 10 compared with salary-schedule districts (Table A6, column 1-3).
Results from these tests provide additional evidence of a movement of a subset of higherquality teachers from salary-schedule to performance-pay districts, possibly attracted by the
possibility of earning higher salaries, and a movement of a subset of lower-quality teachers in
the opposite direction.
Exit from public schools
I now turn my attention to exit from public schools. In what follows, a teacher will be
defined as leaving public schools if she exits the sample in a given year. Exit can be due to
different reasons, such as transfer to a private school or to a different industry, retirement,
unemployment, and non-employment.
Figure 12 shows the trend over time in the share of teachers exiting the two types of districts. Among them, 2.3 percent leave public schools from performance-pay districts in 2008,
1.9 percent in 2009, 2010 and 2011, and 3.2 percent in 2012, 3.0 percent in 2013, and 3.5 percent
in 2014. In salary-schedule districts 1.6 percent of teachers leave public schools in 2008, 1.4 in
2009 and 1.5 in 2011. This share increases to 2.7 percent in 2012, 2.2 percent in 2013, and 2.3
percent in 2014.
I then investigate the identity of teachers who exit public schools from the two types of
districts. Figure A6 shows average value added of teachers leaving teaching, by district of
origin. The figure suggests that the average quality of teachers leaving performance-pay districts
decreased after 2011, whereas the average quality of those leaving salary-schedule districts
increased. Average value added of teachers leaving performance-pay districts is positive between
2008 and 2011, and equal to 0.019 in 2008-1009, and 0.051 in 2010-2011. It then decreases to
-0.025 in 2012-2013 and -0.009 in 2014. Average value added of teachers leaving salary-schedule
districts, on the other hand, is equal to 0.026 in 2008-2009 and 0.019 in 2010-2011. After Act
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10 it then increases to 0.042 in 2012-2013, and 0.046 in 2014 (Figure A6).
To formally test these differences, I estimate a difference-in-difference model to compare
value added of leavers from performance-pay and salary-schedule districts, before and after Act
10. Estimates from this model are shown in column 4 of Table 6. An estimate of -0.1466 for
PP * post indicates that average value added of teachers leaving from performance-pay districts
after 2011 is 14.7 percent of a standard deviation lower compared with that of teachers leaving
salary-schedule districts (Table ??, column 1, significant at 10 percent).
I explore the time pattern of the selection of teachers exiting public schools across different
districts by estimating two-years differences in value added of exiters from performance-pay
districts and exiters from salary-schedule districts. This difference is positive until 2011, and
equal to 18.3 percent of a standard deviation in 2006-2007 and -1.6 percent in 2010-2011, and
becomes large and negative after 2011, with -7.8 percent in 2012-2013 and -4.0 percent in 2014
(Figure 14).
Lastly, I investigate how teachers exiting from each type of district compare with stayers, to
shed light on the selection of exiters in their district of origin. Estimates of the coefficient on exit
in column 4 of Table 7 suggest that, until 2011, value added of exiters from performance-pay
districts is 1.5 percent of a standard deviation higher compared value added of with stayers,
although this difference is not statistically distinguishable from zero (p-value equal to 0.30).
An estimate of -0.0876 for exit * post, however, indicates that the difference between value
added of leavers and stayers becomes 8.8 percent of a standard deviation lower after 2011
compared with before (Table 7, column 4, significant at 1 percent). The picture is different
for leavers from salary-schedule districts. Until 2011, leavers from salary-schedule districts
have value added -0.0402 percent of a standard deviation higher compared with stayers, which
is however indistinguishable from zero (estimate of exiter, Table 7, column 5, p-value equal
to 0.91), although this difference is not statistically distinguishable from zero. An estimate
of 0.0744 for exiter * post indicates that the difference between value added of leavers and
stayers becomes 7.4 percent of a standard deviation higher after 2011 compared with before on
average, although insignificant (estimate of exiter * post, Table 7, column 5, p-value equal to
0.57). The post-2011 difference in the selection of leavers in the district of of origin between
performance-pay and salary-schedule districts is estimated by the triple interaction PP * exit *
post in column 4 of Table 7. An estimate of -0.1623 confirms that leavers from performance-pay
districts become more negatively selected after Act 10 compared with salary-schedule districts
(significant at 10 percent).
Performing these tests on the sample of performance-pay districts and matched salaryschedule districts yields similar results.Figure ?? shows average quality of teachers leaving the
two types of districts. Value added of exiters from matched salary-schedule districts is equal to
-0.016 in 2008-2009 and 0.011 in 2010-2011, and it stays positive at 0.104 in 2012-2013 and 0.084
in 2014. Comparing value added of exiters to performance-pay and matched salary-schedule
districts, before and after Act 10, confirms that average value added of teachers exiting from
performance-pay districts after 2011 is 23.1 percent of a standard deviation lower compared with
that of teachers leaving salary-schedule districts (Table A5, column 4, significant at 10 percent).
The difference between average value added of exiters from salary-schedule and performance-pay
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districts is positive until 2011, and equal to 11.7 percent of a standard deviation in 2006-2007,
and -1.5 percent in 2010-2011, and it becomes large and negative after 2011, with -14.1 percent
in 2012-2013 and -10.3 percent in 2014 (Figure A5). In addition, comparing value added of
exiters and stayers across the two districts and before and after Act 10 confirms that exiters
from performance-pay districts become more negatively selected after Act 10 compared with
salary-schedule districts (with an estimate of PP * exit * post equal to -0.2482, Table A6,
column 6, significant at 5 percent).
Results from these tests provide additional evidence of an outflow of higher-quality teachers
from salary-schedule districts, and of lower-quality teachers from performance-pay districts,
possibly discouraged by the uncertainty of salary growth after 2011.
Composition of the school districts
Having shown an increase in move and exit rates of teachers in Wisconsin districts after
2011, associated with a change in the sorting patterns across districts and in the selection into
exit, I now study how the overall composition of the teaching workforce changes after Act 10.
Figure 15 shows average value added of teachers employed in the two types of districts, between
2006 and 2014. Teachers in performance-pay districts have positive value added throughout this
period, which stays relatively constant to 1.8 percent of a standard deviation in 2006-2007 and
2008-2009, and it decreases to 1.2 percent in 2010-2011. Average value added then increases
after 2011, with 1.9 percent in 2012-2013, and 2.9 in 2014. Teachers in salary-schedule districts,
on the other hand, have negative value added, equal to -2.3 percent in 2006-2007, which increases
slightly to -1.3 percent in 2008-2009 and to -1.0 percent in 2010-2011, but decreases again to
-1.3 in 2014. This figure therefore shows a first piece of evidence of an improvement in the
composition of the teaching workforce in performance-pay districts after 2011, and a worsening
in salary-schedule districts.
I formally test this difference using a difference-in-difference approach, and comparing average value added of teachers across performance-pay and salary-schedule districts, before and
after Act 10. This test is shown in column 5 of Table 6. Although imprecise, the coefficient on the
interaction term PP * post is positive and equal to 1 percent of a standard deviation, indicating
a small improvement in the overall composition of the teaching workforce in performance-pay
districts compared with salary-schedule districts after Act 10. I explore the time pattern of
this compositional change by estimating the difference in average teacher value added between
performance-pay and salary-schedule districts for two-years intervals, from 2006-2007 to 2014.
This difference is positive throughout this time period, and equal to until 2011, and equal to
2.6 percent of a standard deviation in 2008-2009 and 2.3 percent in 2010-2011, and it becomes
larger and statistically significant after 2011, with 3.8 in 2012-2013 (significant at 5 percent
level) and 4.0 percent in 2014 (Figure 16).
Performing these tests on the sample of performance-pay districts and matched salaryschedule districts reveals larger changes in workforce composition across the two types of districts
after Act 10. The difference-in-difference estimate is equal to 1.5 percent, although estimated
imprecisely (Table A5, column 5). Figure A7 shows the time pattern of the difference in value
added between performance-pay and matched salary-schedule districts. This difference is small
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until 2011, and equal to 0.6 percent of a standard deviation in 2008-2009 and -0.4 percent in
2010-2011, and it increases to 1.8 percent in 2012-2013 and 2.3 percent in 2014. Although
imprecise, the results of these tests suggest that the removal of salary schedule following Act 10
led to an improvement in the composition of the teaching workforce in performance-pay districts
compared with salary-schedule districts.

5

Effects on Student Achievement: Composition of the Workforce vs. Effort
In this section I study the effects of changes in teacher salaries introduced by Act 10 on

student achievement. I further decompose these changes in two components. The first is
attributable to changes to the composition of the workforce, after controlling for grade, subject,
year and school fixed effects. The second is a residual component, which could be attributed to
two main factors: changes in effort exerted by teachers after 2011, and changes in the quality
of new teachers, both of which are not directly observable in the data.

5.1

Act 10 and Student Achievement

I first explore the direct effect of Act 10 on student achievement by comparing test scores
of students in performance-pay and salary-schedule districts over time. Figure 17 shows the
raw difference in average standardized test scores between performance-pay and salary-schedule
districts between 2006 and 2014.18 The difference is positive throughout the period, and equal
to 0.11 in 2006, 0.10 in 2008 and 2010, and 0.11 in 2011. This difference increases by 30 percent
to 0.14 in 2011, and remains large at this level until 2014.
To more formally test differences in achievement between the two types of districts over
time, I estimate the following regression:
Agsdf t = βP Pd ∗ postt + γZgsdf + τt + gsdf t

(8)

where Agsdf t is achievement of students in grade g, school s, district d, subject f and year t.
Achievement is measured with test scores, available for grades 3-8 and 10 and for Mathematics,
Reading, and English Language Arts. Test scores are standardized with respect to the national
distribution within each grade and subject. The vector Zgsdf contains school, grade, and subject
fixed effects, either alone or interacted with each other. These sets of fixed effects allow to control
for school, grade, and subject-specific differences in achievement. Estimates of this model
indicate that, controlling for school, grade, and subject fixed effects, test scores of students in
performance-pay districts are 7.7 percent of a standard deviation higher after 2011 compared
with salary-schedule districts (Table ??, column 1, significant at 5 percent). This estimate is
robust to controlling for school-grade and subject fixed effects (7.4 percent, Table ??, column
2, significant at 5 percent), and for school-grade-subject fixed effects (Table ??, column 3,
18
Test scores are available for mathematics, readings, and English, for grades 4 to 8 and 10, separately for each
grade, school, and cohort. District-level means are computed weighting observations by the number of students
in each grade, school and cohort.
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significant at 5 percent). Controlling for a PP-specific linear trend reduces the effect to 4.7
percent of a standard deviation (Table ??, column 4, significant at 10 percent).
Performing these tests on the subsample of performance-pay and matched salary-schedule
districts yields a similar picture. The difference in achievement between the two groups of
districts is equal to 0.17 in 2006, 0.12 in 2008, 0.10 in 2010 and 0.12 in 2011. This difference
increases to 0.17 in 2011, and remains at 0.14 until 2014. Difference-in-differences estimates of
test score gains in performance-pay districts after Act 10 compared with matched salary-schedule
districts indicate that test scores of students in performance-pay districts are 3.9 percent of a
standard deviation higher after 2011 compared with salary-schedule districts, although this
difference is not significantly different from zero (Table ??, column 1, p-value equal to 0.38).
Taken together, these findings reveal important gains in achievement experienced by students
in performance-pay districts after Act 10.

5.2

Decomposing Changes in Student Achievement

I now decompose the increase in student achievement in a component attributable to changes
in the composition of the workforce (outcome of increased movements of teachers in and out of
the districts, and in the rate of exit) and in a component not explained by such changes.
In order to quantify the compositional changes in the teaching workforce of each district
with respect to teacher quality, a reliable measure of quality is needed. In line with the literature, I measure quality using teacher value added, defined as the individual teacher’s effect on
achievement growth. Estimates of these effects are usually obtained comparing test scores of
each teacher’s students with scores of the same students in previous years, as well as scores of
other students in the same grade but in different classrooms. In practice, this consists in modelling achievement of each student as a function of her past test scores and of other individual
characteristics, and by isolating the residual component attributable to teachers(Rockoff, 2004;
Kane and Staiger, 2008; Chetty et al., 2014).19
If changes in test scores across districts after 2011 are uniquely the result of changes in the
composition of the teaching workforce, they should perfectly reflect changes in average value
added of the teachers who taught them. Any observed excess change in achievement is therefore
to be attributed to other factors.
There are two main channels through which changes in teacher salaries introduced by Act
10 could have had an effect on student test scores above and beyond changes in the composition
of the teaching body. The first one is changes in teacher effort. If post-Act 10 salaries in
performance-pay districts are able to provide higher incentives to teachers to improve their onthe-job performance, this might translate into an increase in student achievement. This effect,
however, would not be captured by changes in average value added of teachers, which is based
on teachers’ pre-Act 10 performance. The second one consists in changes in the selection of new
teachers. Just as Act 10 changed incentives for teachers to stay in a certain district as opposed
to move to a different district or to leave, it might have affected incentives of different types of
workers to join the teaching profession. Again these effects, which are potentially very large,
19

Details on value added estimation are provided in Appendix B.
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would not be captured by changes in average value added, unavailable for new teachers as these
have no teaching experience.
To assess the extent to which the differences in test scores between performance-pay and
salary-schedule districts are attributable to changes in the composition of the teaching workforce,
I extend the econometric model in equation 8. I control for average value added of teachers in
each grade, subject, school, and year, as well as the share of entrants, and I allow the effects
of average value added and of the share of entrants on test scores to be different after 2011.
Specifically, I estimate the following:
Agsdf t = βP Pd ∗postt +λ0 V Agsdf t +λ1 V Agsdf t ∗postt +θ0 entrantsgsdf +θ1 entrantsgsdf ∗postt +γZgsdf +τt +gsdf t
(9)
In this framework, the coefficient λ0 captures the correlation between average teacher quality
and test scores until 2011, whereas the sum of λ0 and λ1 captures the same correlation after
2011. Similarly, the coefficient θ0 captures the correlation between the share of entrants and test
scores until 2011, whereas the sum of θ0 and θ1 captures the same correlation after 2011. Most
importantly, if changes in the composition of the teaching body wholly explained the difference
in test scores between performance-pay and salary-schedule districts which arises after 2011,
the coefficient β should not be distinguishable from zero.
Estimates from this model show that changes in the composition of the teaching workforce
cannot, alone, explain the observed changes in test scores. Controlling for school, grade, and
subject fixed effects, estimates of λ0 indicate that a one standard deviation increase in average
value added is associated with a 5.1 percent of a standard deviation increase in test scores until
2011 (Table 8, column 5, significant at 5 percent). This association is reduced by 3.6 percent of
a standard deviation after 2011 (VA * post, Table 8, column 5, significant at 5 percent). A 10
percent increase in the share of entrant teachers is associated with a 5.0 percent of a standard
deviation increase in test scores until 2011 (entrant, Table 8, column 5, significant at 5 percent),
and this association is reduced by 12.0 percent of a standard deviation after 2011 (entrant *
post, Table 8, column 5, significant at 5 percent). More relevantly, the estimate of β is large and
significant from zero, and equal to 6.3 percent of a standard deviation of test scores (Table 8,
column 5, significant at 10 percent). This is only 18 percent smaller than the simple difference
in test scores obtained not controlling for teacher composition (Table 8, column 1). These
estimates are robust to controlling for school-grade and subject fixed effects (Table 8, column
6), for school-grade-subject fixed effects (Table 8, column 7), and for a PP-specific linear trend
(Table 8, column 8). Performing these tests on the subsample of performance-pay and matched
salary-schedule districts confirms these results (Table A7).
These findings reveal that changes in the composition of the teaching workforce explain only
part of the observed change in test scores in performance-pay districts compared with salaryschedule districts after Act 10. This sheds light on a very large role for changes in teacher
performance and effort, and in the selection of new teachers. Distinguishing between these
two factors is extremely policy-relevant, as it would help clarify the extent to which changes
in salary schemes affect the incentives of workers to join the teaching profession, as well as the
incentives of teachers to exert more effort on the job, and the ultimate consequences of these
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changes on student achievement. Such a decomposition, however, is empirically challenging due
to the absence of reliable measures of quality for entrants.
In an attempt to separate between the effect of changes in the composition of entrants and
changes in teacher performance on student test scores, I proceed as follows. First, I obtain
each district’s test score residuals by regressing test scores on a flexible polynomial of teacher
value added, school-district-grade-subject fixed effects, and year fixed effects, and by collapsing
these residuals at the district and year level. Assuming that test scores residuals are the sum
of changes in the composition of entrants and changes in overall effort, they can be written as
∆tdt = tdt − tdt−1 = (αdt V Aentrant
− αdt−1 V Aentrant
dt
dt−1 ) + (edt − edt−1 )
where tdt are test score residuals in district d and period t, αdt is the share of entrants, V Aentrant
dt
is value added of entrants, and edt is average effort of all teachers. While tdt and αdt are observed
in the data, V Aentrant
and edt are not. Denoting the pre-Act 10 period as t = 0 and the postdt
Act 10 period as t = 1, and normalizing V Aentrant = V¯Ad0 (i.e. entrants in the pre-Act
d0

10 period are, on average, identical to incumbents in terms of value added), V Aentrant
, i.e
d1
=
average value added of entrants in each district after Act 10, can be expressed as V Aentrant
d1
(∆tdt + αd0 V¯Ad0 − (edt − edt−1 ))/αd1 . Assuming that effort does not decrease, on average,
after Act 10, the expression (∆tdt + αd0 V¯Ad0 )/αd1 provides an upper bound for the estimated
average value added of entrants in district d after the reform. The distribution of these upper
bounds for performance-pay and salary-schedule districts is shown in Figure 18. On average, it
is equal to 0.96 standard deviations in performance-pay districts, and 0.05 standard deviations
in salary-schedule districts.

6

A model of The Teacher Labor Market
The descriptive analysis conducted in the previous section shows that teachers respond in

changes to the salary schemes they face in each district by moving across districts, or exiting
public schools, and that these responses depend on teacher quality. The job matches observed
in equilibrium, however, are the outcome of the interaction between teacher and district preferences. Building on this reduced-form evidence, in this section I estimate teacher preferences
more formally by explicitly modelling both the demand and the supply of teachers in a two-sided
labor market model.
In this framework teachers, suppliers of labor, have preferences over the characteristics of
each job (such as salary, distance from the previous job, type of district - urban, suburban, or
rural, composition of the student body), whereas districts, demanders of labor, have preferences
over teachers’ attributes (such as experience, academic credentials, and value added). Each side
of the market maximizes its payoff in each year and, as a result, matches are formed. After
solving the model I use the matches observed in the data, together with the cross-district
variation in salary schemes introduced by Act 10, to estimate the primitives of both teachers
and districts.
Estimating teacher preferences over job characteristics, and in particular comparing how
much teachers value salaries as opposed to other job characteristics, is important for many
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reasons. For example, it allows us to calculate “compensating differentials” required to induce
high-quality teachers to move to hard-to-staff districts, and address the issues of selection and
retention of teachers in these areas. In addition, the model allows to explicitly compute elasticities of move and exit with respect not only to the level of salary, but also to its merit component,
separately for higher-quality and lower-quality teachers, and therefore to directly quantify their
responses to a change in salary schemes and, in turn, the subsequent change in teacher selection
and retention following a reform such as Act 10. Lastly, the structure of the model, along with
estimates of its parameters, can be used to simulate the effects of alternative salary schemes on
the composition of the teaching workforce.

6.1

Model Setup

I model the teacher labor market as a two-sided (teacher-district) choice model. In this
framework, teaching vacancies arise exogenously in each school district. The process of matching
between teachers and districts develops in two steps. First, each district decides which offers to
make among the set of possible teachers. Second, teachers choose which position to accept (if
any) among the set of job offers they receive. Job matches are realized as a result.
Issues with Reduced-Form Approach to the Estimation of Elasticities
Before describing the details of the model, it useful to clarify why a two-sided model is needed
to correctly estimate teacher preferences and the corresponding elasticities of move and exit.
One could argue that, if the pre-reform and post-reform salary schemes are assumed exogenous
(as done in the next subsections), these parameters can be estimated using a simple one-sided
discrete choice model, such as a multinomial logit, and exploiting cross-district variation in
salaries. The nature of the problem and the availability of data (or lack thereof), however, pose
a challenge to the correct identification and estimation of these parameters.
I illustrate this, assume the utility of teacher i from working in district j, compared with
the outside option, is vi (j) = Vij + ξij , where Vij = Vij (zij , α) is a deterministic function of
teacher-district variables, zij , and a vector of parameters α, and ξij is an idiosyncratic component distributed i.i.d as an Extreme Value type 1 random variable. We want to estimate the
parameter vector α. The functional form assumption on the distribution of ξij allows to express
the probability that teacher i is matched with district j, an event I denote by hij , as follows:
hij =

exp{Vij }
P
1 + h∈Oj exp{Vih }

(10)

when j ∈ Oi and Oi is the set of districts willing to hire i, and 0 otherwise. One can immediately
see that this probability depends on Oi , the relevant choice set for teacher i. When Oi is
observable for all i, the vector of parameters α and the baseline utility parameter α0 can be
estimated using a multinomial logit. When Oi is not observable, however, this is not possible.
One could in fact consider substituting Oi with J, the set of all districts, for all i. This implicitly
assumes that a teacher has the choice of moving to any district she wants. In this case, however,
P
the implied probability of a i − j match would be hij = exp{Vij /(1 + Jh=1 exp{Vih ), which
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is mis-specified with respect to the true probability in Equation 10. Using this approach can
therefore lead to uncorrectly estimate the parameters of the model.
I address the unobservability of Oj by explicitly modeling the process that generates offer
sets for each teacher, i.e. by solving the district’s payoff constrained maximization problem.
Given the interaction of all districts’ preferences over teacher characteristics, this structure
allows to derive a specific offer set for each teacher, which addresses the lack of observability of
this piece of information in the data.
6.1.1

District’s Problem

I assume each district values teacher characteristics such as experience, academic credentials and teaching quality. This assumption directly follows if we think that districts want to
maximize student achievement, and that achievement is a function of these teacher characteristics. Defining the payoff of district j from hiring teacher i as uij , the total payoff of district
j from hiring a set Tj of teachers is simply the sum of the payoff from hiring each teacher:
P
U j (Tj ) = k∈Tj uik . Given this payoff, in each period district j must make a hiring decision,
i.e. select a vector oj = [o1j , o2j , ..., oN j ] of offers to each of the N teachers in the labor market,
where okj = 1 if a job offer is made from district j to teacher k. I assume that district j has a
salary budget Bj and can hire a maximum of Hj teachers. The problem faced by the district is
as follows (I drop the subscript j for notational convenience):

max

{oi }i∈N

s.t.

N
X

N
X

hi oi ui

(11)

i=1

hi oi wi ≤ B

(12)

hi oi ≤ H

(13)

i=1
N
X
i=1

oi ∈ {0, 1} ∀i = 1, .., N

(14)

where hij is the probability that teacher i accepts district j’s offer, if one is made. In words, each
district maximizes the expected payoff from making a set o of offers, where the expectation is
taken with respect to the probability of acceptance. Similarly, constraints 20 and 20 are “soft”
constraints, i.e. they must only hold in expectations. Intuitively, district incorporate the fact
that, once an offer is made to a teacher i, it is only accepted with probability hi . Since offers are
made simultaneously, districts choose the offer set that maximizes their expected payoff and, in
expectation, allows them to spend at maximum B and hire at maximum H teachers.
Solving the District’s Problem
The problem faced by each district can be solved using linear programming techniques. It
can be seen as a two-constraints version of the 0-1 knapsack problem, extensively studied in
fields such as applied mathematics, operation research, and computer science.20 A solution
20

The name of the problem derives from its most famous application: given a fixed-size knapsack and a set of
items, each with a size and a value, determine which items to put in the knapsack so that the total size is less
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algorithm to the one-constraint version, based on the “continuization” of the discrete problem,
was proposed by Dantzig (1957). More recently, Martello and Toth (2003) have proposed a
similar algorithm to solve the two-constraints version, which I use to solve the district’s problem.
The solution to the problem is based on the continuous relaxation of the original problem,
which consists in substituting the constraint in 20 with the milder 0 ≤ oi ≤ 1 ∀i = 1, .., N , as in
Dantzig (1957) and Martello and Toth (2003). This allows to assign a Lagrange multiplier λ to
constraint (constr2). The continuous relaxation of the original problem can then be rewritten
as a function of λ:
max

{oi }i∈N

s.t.

N
X

N
X

hi oi (ui − λ) + λN

i=1

hi oi wi ≤ B

i=1

0 ≤ oi ≤ 1 ∀i = 1, .., N
For each value of λ, this continuous relaxation is a one-constraint version of the unbounded
knapsack problem (Dantzig, 1957), which can be immediately solved using linear programming
techniques as in Dantzig (1957)).
The solution procedure is as follows. First, I define a teacher’srelative utility as level of
utility from hiring her (net of the shadow price of relaxing the capacity constraint) per dollar
of salary: (ui − λ)/wi . Intuitively, relative utility measures the “efficiency” of the hire from the
standpoint of the district. I then sort teachers in ascending order of “relative” utility, so that
(ui − λ)/wi ≥ (ui+1 − λ)/wi+1 . This ranking incorporates the fact that acquiring utility from
a hire has both a monetary cost, captured by the salary that must be paid, and a utility cost
stemming from the fact that the capacity constraint becomes tighter.
Given this sorting, the “critical” teacher can be defined as s(λ) = min{i :

Pi

j=1 wj hj

>

B or hi (ui − λ) < 0}. In words, the critical teacher is the first one whose hire is unworthy from
the point of view of the district, either because hiring her leads to a violation of the budget
constraint, or because her utility is smaller than the utility cost from tightening the capacity
constraint. The position of the critical teacher in the ranking separates teachers whose hire is
worthy (i < s(λ)) from teachers whose hire is not (i > s(λ)). The solution to the continuous
relaxation of the problem can then be written as follows:



1
if i < s(λ)


Pi−1
∗
wj
oc (λ) = c − j=1
if i = s(λ) and hi (ui − λ) ≥ 0
wi



0 if i = s(λ) and h (u − λ) < 0 or i > s(λ)
i i

(15)

 ∗ 
and the solution to the discrete problem, for given λ, is o∗ (λ) = oc (λ) .21 Finally, the solution
than or equal to the size of the knapsack and the total value is as large as possible (Dantzig, 1957).
21
This solution method corresponds to a graphical solution to the knapsack problem provided by Dantzig
(1957). This solution consists in representing all teachers as points in a plane, having utility net of λ on the
vertical dimension and salary on the horizontal dimension. Each teacher has coordinates (ui −λ), wi . The solution
consists in rotating clockwise a ray with the origin as pivot point and the vertical axis as starting point, and in
setting o∗i (λ) = 0 for all teachers swept out by the ray, until the point in which the sum of their weights exceeds
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to the original district problem is given by o∗ = o∗ (λ∗ ). The optimal Lagrange multiplier
can then be selected among a set of possible values, by comparing the associated values of
the relaxed constraint associated to λ (i.e. the constraint on the total number of hires). The
detailed procedure is outlined in Appendix C.
6.1.2

Teacher’s Problem

Teachers are utility-maximizing agents. In each period, they receive a set of offers from
school districts, and pick the one which maximizes their utility. I define the utility, for teacher
i, of working in district j as vij . Teacher i also has an outside option, which gives her utility
vi0 . Given a set of offers Oi , the problem of teacher i can therefore be expressed as follows:
max vik

k∈Oi ∪{0}

(16)

As a result, the probability that teacher i accepts a job offer from district j can be written as
P (vij ≥ max{{vik }k∈Oi ∪{0} ).

6.2

Estimation

I estimate the parameters of the utility of teachers and the payoff function of districts. To
do so, I make the following functional form assumptions.
First, I assume that district j’s payoff from hiring teacher iis linear, and equal to uij =
βxi + εij . The vector β contains the parameters to be estimated. The vector xi includes
teacher-specific covariates that enter the payoff function, such as value added, experience, and
academic qualification. The variable εij is an idiosyncratic component of districts’ payoffs,
which I assume to be independent across teachers and districts, and normally distributed with
mean µ2ε and variance σε2 .
Similarly, I assume that the utility of teacher i from accepting district j’s offer is a linear
function of teacher-district characteristics, and equal to vij = αx zij + ξij . The vector α contains
the parameters of the teacher utility to be estimated. The vector zij includes teacher-district
specific variables such as salary, distance from the district where teacher i is an incumbent,
an indicator for teacher i being an incumbent in district j (which captures the cost of moving
across district, constant across teachers and districts), the share of economically disadvantaged
students, and an indicator for j being an urban district. The variable ξij is an idiosyncratic
component of teacher utility, which I assume to be independent across districts, and having an
extreme-value Type 1 distribution. Lastly, I model teacher i’s utility from the outside option
as being constant in expectations across teachers, and equal to vi0 = α0 + ξi0 , where ξi0 is
independent across teachers and from ξij , and it has an extreme-value Type 1 distribution. I
denote the term (αx zij − α0 ) as Vij .
the budget.
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Salaries
In order to estimate teacher preferences over salaries, I need to construct salary counterfactuals for all teachers in all districts and yeard. I model salaries as being determined under two
possible regimes: a pre-reform regime and a post-reform regime.
In the pre-reform regime salaries are determined using a salary schedule based on academic
credentials and seniority, as the one used in Wisconsin districts before the implementation of
Act 10. I allow each district to choose its own salary schedule. Formally, salaries are determined
as a function of experience and education:
pre
wijt
= γjpre g(Xit )

(17)

pre
where wij
is wage of teacher i working in district j. The vector Xi includes teacher i’s academic

credentials and seniority level. The function g(Xi ) is specified as a full set of interactions of
academic credentials dummies (i.e. a dummy for having a bachelor’s degree, a master’s degree,
pre
or a Ph.D) with dummies for years of seniority. The variable ωij
is a mean-zero measurement

error term of salaries, due to imperfect observability of years of seniority as well as compensation
for extra duties, unobservable in the data.
In the post-reform regime salaries can be linked to teacher quality. I model them as follows:
post
wijt
= γjpost g(Xit ) + δj V Ai

(18)

pre
where V Ai is value added of teacher i. The variable ωij
is a mean-zero measurement error

term. The parameters γjpre , γjpost , and δj can be estimated using pre-reform and post-reform
teacher level data, respectively, using OLS. By doing this, I am implicitly taking that the salary
processes in each district as exogenous, both before and after Act 10.
6.2.1

Estimation Procedure

I estimate the parameter vectors αx , α0 , and β via Maximum Likelihood. To do so, I pool
together data from 223 Wisconsin districts for the years 2009 to 2014. The estimation procedure
develops in the following steps (t denotes year).
1. I draw the idiosyncratic shocks εzijt , for each teacher, district, and year, from a standard
normal distribution. I set the initial values of the parameters to α0 and β0 .
2. For each district, teacher, and year I compute the district’s payoff as uijt = β0 xit + µε +
σε εzijt .
3. For each district and teacher, I compute the probability that the offer is accepted, if one
is made, hijt , with an iterative procedure:
(a) I initially set hijt as being the probability that teacher i accepts the offer of district
j when all districts make her an offer. The distributional assumption on ξijt allows
P
to write this probability as hstart
= exp{Vijt }/(1 + k∈J exp{Vikt }).
ijt
∗
(b) Given hstart
ijt , I solve each district’s problem and derive their optimal set of offers, ojt ,

and the consequent set of offers received by each teacher, Oit .
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(c) Given Oit , I re-estimate the probability that an offer is accepted, if one is made, as
P
hijt = exp{Vijt }/(1 + k∈Oit exp{Vikt }).
(d) I iterate the process until convergence.
pre
post
4. Having determined uijt , hijt , and wijt (equal to wijt
if t ≤ 2011, and to wijt
otherwise)

I solve each district’s problem separately for each year. In this way I obtain optimal set
of offers, o∗jt , and the consequent set of offers received by each teacher, Oit .
5. I write the log-likelihood function as
l(αx , α0 , β|z, x) =

2014
X

N
X

log hij(it)t =

t=2009 i=1

2014
X

N
X

t=2009 i=1

"

exp{Vij(it)t }
P
log
1 + k∈Oi exp{Vikt })

#
(19)

where j(it) denotes the district to which teacher i is matched in year t.
The log-likelihood is maximized using a quasi-Newton algorithm.22

6.3

Identification

The model allows a pretty transparent identification of the preference parameters of teachers’ utility. The parameter vector αx of teachers’ utility is identified leveraging cross-district
variation in salaries, distance, composition of the student body, and urban location, and out of
movements of teachers across districts. Teacher exit allows instead to identify the parameter
α0 , which corresponds to the average utility from the outside option, constant across teachers.
Identification of the parameters of districts’ utility is slightly more subtle. In order to
see this, one should notice that the non-idiosyncratic component of the district’s utility from
hiring each teacher is constant across districts, and that the only district-specific part is the
idiosyncratic component εij . Identification of the parameter vector β comes from the matches
observed in the data and teacher preferences, which, combined, allow to back out the optimal
job offers strategy of each district. The parameter β is therefore identified if, when the model
is solved and given the functional form of districts’ utility, different districts have different
optimal offer strategies. This is the case if the critical teacher s(λ∗ ) (defined in Section 6.1.1)
is related to β in a way that is specific to each district. To show this, it is enough to see that
the optimal Lagrange multiplier λ∗ is indeed district-specific. As explained in Appendix C, the
set of admissible values for λj includes λ = (uij wkj − ukj wij )/(wij − wkj ) ∀i < k, which can be
rewritten as β(xi wkj − xk wij )/(wij − wkj ) + (εij wkj − εkj wij )/(wij − wkj ). The component that
allows to identify β is (xi wkj − xk wij )/(wij − wkj ), which - as long as salaries are different across
districts for the same teacher - is district-specific. The component (εij wkj − εkj wij )/(wij − wkj )
allows to identify the parameters of the distribution of εij , i.e. the mean µε and the variance
σε2 .

6.4

Parameter Estimates and Interpretation

Table 9 shows estimates of the parameters of the model. The signs of the parameters are
rather intuitive. Teachers receive positive utility from salary and dislike districts that are further
22

Estimation is implemented using the package fminunc in Matlab.
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away from the one where they are working. A positive estimate on the dummy for being an
incumbent in the district indicates a substantial utility premium in staying in the same district
over time, which suggests that moving costs are nontrivial. Lastly, teachers value working in
urban districts, and dislike teaching in districts with a large component of students who are
economically disadvantaged. The magnitudes of the parameters suggest that, for example, a
teacher needs to be compensated with an additional $12,564 in salaries in order to move to
a district that is 50 miles farther away from the one where she is employed, ceteris paribus.
Compared with an average teacher salary of $51,351, this corresponds to a 24 percent increase.
A 10 percent higher share of disadvantaged students requires an additional $1,230 increase in
salary to move by the same distance, or 2.4 percent.
Estimates of the parameters of the district’s payoff function are intuitive in sign. Districts
prefer teachers who have higher value added, who are more experienced, and who have a Master’s
degree, and dislike new teachers. In terms of magnitudes, the utility of a one-standard deviation
higher value added is 25 percent the utility of having a Master’s degree, and 2.4 times percent
the utility of an additional year of experience.

7

Alternative Salary Schemes and The Allocation and Retention of Teachers
In this section I use the estimates of the parameters of the model and the implied elasticities

of movements and exit with respect to the merit pay component of salaries to evaluate the
effect of alternative salary schemes on movements and exit of different types of teachers, and
on the overall composition of the teaching workforce. I study two types of policy changes The
first one is an increase in the merit pay component of salaries in one district, matched with the
adjustment of base wages to keep overall salary spending constant. The second is a simultaneous
increase in merit pay with adjustment in base wages in all Wisconsin districts.

7.1

Increase in Merit Pay in One District

I start by studying the effect of an increase in δ in one district. In order to keep the
budget balanced, I assume that base salaries adjust immediately, based on the new value of δ
and on the current composition of the teaching workforce in the district. As explained in the
previous section, the post-reform salary of teacher i when employed in district j is equal to
post
post
post
wij = γ0j
+ γxj
g(X̂i ) + δj V Ai + ωij .23 In this specification, the coefficient γ0j
represents

the base salary in district j. Denoting the set of teachers employed in district j as Tj , the
adjusted level of salaries corresponding to a new merit component of salaries δ̃j is equal to
P
γ̃ post = γ post + (δ˜j − δj )
V Ai .
0j

0j

i∈Tj

Figure 19 shows the simulated probability that a teachers moves to, moves out of, or exit a
district for values of δ that range between $0 and $8,000, for the suburban district of Wausau,
located in central Wisconsin. The probability that teachers move to Wausasu from a different
district decreases slowly as δ increases (Figure 19, top panel). It however decreases faster for
23

Note that γ post = [γ0post , γxpost ] and g(Xi ) = [1, g(X̂i )].
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teachers with negative value added, and it increases for teachers with positive value added.
The probability that a teachers moves out of Wausau to a different district increases with δ; it,
however, increases considerably faster with lower value added teachers, and it decreases instead
for higher value added teachers (Figure 19, middle panel). Lastly, the probability that a teacher
exits from Wausau increases as δ increases, and more so for lower value added teachers, whereas
it decreases for higher value added teachers (Figure 19, bottom panel).
Figure 20 shows average value added of teachers moving in, out, and exiting the district of
Wausau for different values of δ, and the overall composition of the district in terms of average
value added. The top panel shows that the composition of movers out of the districts and exiters
becomes worse (i.e. average value added declines) as δ grows, whereas the composition of movers
into the district improves. As a result, the overall composition of the district improves, with
average value added equal to -0.1288 when δ = 0 and to -0.1284 when δ = $8, 000. The results
of this counterfactual analysis indicate that an increase in the merit component of salaries in
one district is associated with an improvement in the composition of the district’s teaching
workforce, which results from an outflow of lower quality teachers, and an inflow of higher
quality ones.

7.2

Introduction of Merit Pay in All Districts

I now extend the salary scheme simulated in the previous districts to all districts in Wisconsin, and study what happens to the composition of the teaching workforce in Wausau.
Figure 21 shows the simulated probability that a teachers moves to, moves out of, or exit a
district for values of δ that range between $0 and $8,000, for the suburban district of Wausau,
located in central Wisconsin. The probability that teachers move to Wausasu from a different
district decreases slowly as δ increases, and slower than in the case in which δ only changes
in Wausau (Figure 21, top panel). It, however, still decreases faster for teachers with negative
value added, and it increases for teachers with positive value added. The probability that a
teachers moves out of Wausau to a different district decreases with δ, for all types of teachers
(Figure 21, middle panel). Lastly, the probability that a teacher exits from Wausau increases
as δ increases, and more so for lower value added teachers, whereas it decreases for higher value
added teachers (Figure 21, bottom panel).
Figure 20 shows average value added of teachers moving in, out, and exiting the district of
Wausau for different values of δ, and the overall composition of the district in terms of average
value added. The top panel shows that the composition of movers out of the districts remains
stable, and the composition of exiters becomes worse (i.e. average value added declines) as δ
grows, whereas the composition of movers into the district improves. As a result, the overall
composition of the district improves, with average value added equal to -0.1288 when δ = 0 and
to -0.1286 when δ = $8, 000. The results of this counterfactual analysis indicate that an increase
in the merit component of salaries in all districts at onceis associated with an improvement in the
composition of the district’s teaching workforce, which results from exit of lower quality teachers,
and an inflow of higher quality ones from other districts. This improvement is, however, smaller
than the one resulting from the introduction of merit pay in one district only. This suggests
that part of the positive compositional effects of merit pay stem from poaching of high quality
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teachers from neighboring districts, and can partly be offset by the extension of merit pay to
all the districts in the state.

8

Conclusion
This paper studies the effect of a fall in union powers and consequent changes in wage setting

procedures for teachers on worker’s decisions of whether and where to teach. This analysis is
important to understand the implications of such change on the composition of the teaching
body. To provide an answer I exploit a recent reform of teacher pay in Wisconsin, known as Act
10, and passed in 2011. This Act prohibited collective bargaining over salary schedules, used to
determine the salary level of teachers with a given level of seniority and academic qualifications.
Evidence based on teacher-level data shows that teachers respond to salary changes by moving across districts and by leaving public schools. In particular, high-quality teachers move to
districts with a higher share of salary linked to merit, whereas low-quality teachers leave these
districts. To quantify the responses of teachers to such change in salaries, I build and estimate
a two-sided choice model of teachers and districts. In this model, teachers and districts have
preferences over each other. They match with each other under two possible pay regimes: a
salary-schedule regime, where pay is entirely determined by seniority and academic qualifications, and a performance-pay regime, where a share of salaries can be linked to quality and/or
peformance. The model is used to estimate the elasticities of moves and exit to changes in
the salary schedule. These estimates allow to quantify the importance of salary changes on
the composition of the teaching body and to perform counterfactual analyses. The estimated
elasticities confirm the reduced-form prediction that teacher responses depend on quality. The
elasticity of moving to a district with respect to merit pay is positive for teachers with positive
value added and vice versa. Similarly, the elasticity of exit is positive for teachers with negative
value added and vice versa. Estimates of the model are useful to analyze counterfactual policies
on teacher pay. In particular, I show that an increase in merit pay in one district is associated
with an inflow of high-quality teachers and an outflow of low-quality teachers, which leads to
an improvement in the overall quality of the workforce.
The debate on how to reform teacher union powers, and on the consequent changes to the
salary schemes faced by teachers in public schools, is currently at the forefront of the political
debate (Friedrichs v. California Teachers Association is just one of the many court cases on the
topic). Given the abundant evidence on the large role that individual teachers play in shaping
children’s educational opportunities (Rockoff, 2004), understanding the effect that changes in
salary schemes have on the composition of the teaching workforce is fundamental to correctly
assess the outcomes of these policies from the point of view of students. In this context, this
paper provide a useful evaluation of such effects using a recent policy change that has currently
interested one state, but that is likely to be replicated in slightly different forms in other states.
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Figures
Figure 1: Salary schedule - Madison Metropolitan School District, 2011

Notes: Salary schedule used to determine teacher salaries in Madison Metropolitan School District,
effective from July 2010 to June 2013. Source: http://www.madisonteachers.org
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Figure 2: Actual salary and schedule salary - Madison Metropolitan School District, 2011

Notes: The y-axis shows total annual salary, the vertical axis shows salary as calculated using the district
salary schedule. The red line is the 45 degree line. The sample is restricted to all teachers not holding a
master’s degree employed in the Madison Metropolitan School District in 2011. The salary schedule is
taken from http://www.madisonteachers.org
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Figure 3: Empirical salary schedule - Median salary by 2-years experience classes and 25-75
interquartile range, years 2007-2011 (top) and 2012-2014 (bottom)

Notes: Average salary and 25-75 interquartile range for two-years experience classes for the Madison
Metropolitan School District and the Green Bay Area School district. The sample is restricted to
teachers having less than 35 years of experience and holding a master’s degree.
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Figure 4: Coefficient of variation in salary residuals

Notes: Weighted average of district-level coefficient of variation in salary residuals, defined as the ratio
between the standard deviation in salary residuals and average salary. Salary residuals are obtained from
a regression of salaries on a full set of interaction between education and two-years experience dummies,
and year fixed effects, estimated separately for each district and for the periods 2007-2011 and 2012-2014.
District-level coefficients and the Average salary and 25-75 interquartile range for two-years experience
classes. Weighs are equal to the number of teachers in each district and year. The sample is restricted to
110 performance-pay and 122 salary-schedule Wisconsin districts with information on post-2011 teacher
contracts, enrolling ∼ 80% of the total student population.
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Figure 5: Correlation between salary residuals and value added: performance-pay (top panel)
and salary-schedule districts (bottom panel)

Notes: Binned scatter plot of salary residuals, obtained from a regression of salaries on year fixed effects,
and a set of two-years experience dummies interacted with education dummies (for having a Bachelor’s,
a Master’s, or a Ph.D), and estimated separately for each districts and for the periods 2007-2011 and
2012-2014. Each dot represents a percentile of the distribution of value added. Teachers with value
added smaller than -3 and larger than 3 are excluded. The sample is restricted to 110 performance-pay
and 122 salary-schedule Wisconsin districts with information on post-2011 teacher contracts.
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Figure 6: Distribution of the correlation between salary residuals and value added (δ): all
districts (top panel) and PP vs. SS districts (bottom panel)

Notes: Distribution and averages of the coefficient δ in the regression wijt = γj g(Xi ) + δj V Ai + νij ,
estimated separately for each district and for the periods 2007-2011 and 2012-2014. In the bottom panel
sample is restricted to 110 performance-pay and 122 salary-schedule Wisconsin districts with information
on post-2011 teacher contracts, enrolling ∼ 80% of the total student population.
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Figure 7: Share of teachers entering teaching, moving across districts, and leaving, 2008-2014

Notes: Share of teachers entering public school teaching, moving across, districts, and leaving teaching
over time over time. Each share is defined as the total number of teachers entering, moving, or leaving,
divided by the total number of teachers employed in Wisconsin public schools in each year.
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Figure 8: Share of teachers entering public school teaching by district of destination

Notes: Share of new teachers working in the two types of districts over time. Each share is defined
as the total number of new teachers, divided by the total number of teachers employed in Wisconsin
public schools in each year. The performance-pay subsample includes 110 districts, the salary-schedule
subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 9: Share of teachers moving across public school districts, by district of origin and
destination

Notes: Share of new teachers changing district in each year, by type of district of origin and destination.
Each share is defined as the total number of movers, divided by the total number of teachers employed
in Wisconsin public schools in each year. The performance-pay subsample includes 101 districts, the
salary-schedule subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student
population.
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Figure 10: Average value added of teachers moving across districts by type of district of origin
(top), destination (center), and origin and destination (bottom)

Notes: Average value added of teachers moving across Wisconsin districts between 2006 and 2014, by
type of district of origin and destination. The performance-pay subsample includes 101 districts, the
salary-schedule subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student
population.
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Figure 11: Difference in value added of movers, SS to PP vs. PP to SS

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Am
jt =
P2014
m
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers moving to district j
in time t, P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. The
sample is restricted to teachers moving either from salary-schedule to performance-pay districts, or from
performance-pay to salary-schedule districts. Standard errors are clustered at the district level. The
performance-pay subsample includes 101 districts, the salary-schedule subsample includes 122 districts.
The two subsamples cover ∼ 80% of the total student population.
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Figure 12: Share of teachers exiting public schools, by district of origin

Notes: Share of teachers exiting public schools from the two types of districts over time. Each share is
defined as the total number of teachers leaving from each type of district, divided by the total number
of teachers employed in Wisconsin public schools in each year. The performance-pay subsample includes
101 districts, the salary-schedule subsample includes 122 districts. The two subsamples cover ∼ 80% of
the total student population.
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Figure 13: Average value added of teachers exiting Wisconsin public schools by type of district
of origin

Notes: Average value added of teachers exiting public schools in Wisconsin between 2006 and 2014, by
type of district of origin. The performance-pay subsample includes 101 districts, the salary-schedule
subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 14: Difference in value added of exiters, SS vs. PP

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Aejt =
P2014
e
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers exiting district j in time t,
P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. Standard errors are
clustered at the district level. The performance-pay subsample includes 101 districts, the salary-schedule
subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 15: Average value added of teachers in Wisconsin public schools by type of district of
origin

Notes: Average value added of teachers employed in public schools in Wisconsin between 2006 and 2014,
by type of district of origin. The performance-pay subsample includes 101 districts, the salary-schedule
subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 16: Difference in value added, SS vs. PP

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Ajt =
P2014
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers employed in district j in
time t, P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. Standard
errors are clustered at the district level. The performance-pay subsample includes 101 districts, the
salary-schedule subsample includes 122 districts. The two subsamples cover ∼ 80% of the total student
population.
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Figure 17: Differences in standardized test scores, 2006-2014

Notes: Difference in average standardized test scores between performance-pay and salary-schedule
districts over time. Averages for the two groups are computed based on grade-school-subject level
achievement data. The performance-pay subsample includes 101 districts, the salary-schedule subsample
includes 122 districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 18: Differences in standardized test scores, 2006-2014

Notes: Upper bound in estimates of average value added of entrants after 2011, as described in the
text. The performance-pay subsample includes 101 districts, the salary-schedule subsample includes 122
districts. The two subsamples cover ∼ 80% of the total student population.
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Figure 19: Counterfactual 1 - Teacher responses: move in (top panel), move out (middle panel),
and exit (bottom panel)

Notes: Probability of moving to the district (top panel), out of the district (middle panel) and out of
public schools (bottom panel), teachers with high value added (left panel) and low value added (right
panel).
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Figure 20: Counterfactual 1 - Compositional changes

Notes: Average value added of teachers moving to the district, out of the district, ane exiting public
schools (left panel), and average value added of teachers working in the district (top-right panel).
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Figure 21: Counterfactual 2 - Teacher responses: move in (top panel), move out (middle panel),
and exit (bottom panel)

Notes: Probability of moving to the district (top panel), out of the district (middle panel) and out of
public schools (bottom panel), teachers with high value added (left panel) and low value added (right
panel).
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Figure 22: Counterfactual 2 - Compositional changes

Notes: Average value added of teachers moving to the district, out of the district, ane exiting public
schools (left panel), and average value added of teachers working in the district (top-right panel).

64

Tables
Table 1: Performance-pay and salary-schedule districts: pre-Act 10
characteristics

urban
suburban
property value per pupil
enrollment
% black students
% disadvantaged students
math test scores
reading test scores
experience
B.A.
Master’s
Ph.D.
VA
salary ($)
salary, experience≤5 ($)
salary, experience>20 ($)
N. of districts

SS
0.0738
(0.262)
0.197
(0.398)
616590.4
(403729.3)
3055.1
(6789.8)
3.179
(7.197)
36.61
(14.98)
472.2
(12.51)
475.6
(9.150)
14.44
(1.968)
0.484
(0.144)
0.512
(0.146)
0.000890
(0.00286)
-0.0125
(0.176)
50421.6
(4841.2)
37896.6
(3370.6)
59665.2
(6578.1)
101

PP
0.0594
(0.237)
0.297
(0.458)
831146.8
(997650.0)
2926.1
(3034.3)
2.876
(4.595)
32.85
(14.38)
476.1
(12.38)
478.9
(9.773)
13.83
(1.865)
0.453
(0.136)
0.542
(0.135)
0.00149
(0.00423)
0.0264
(0.204)
52459.8
(5406.0)
38970.3
(3806.9)
62371.9
(6789.7)
122

Difference
-0.0144
(0.0195)
0.100***
(0.0331)
214556.4***
(57067.1)
-129.0
(421.1)
-0.303
(0.486)
-3.908***
(1.141)
3.930***
(0.984)
3.338***
(0.745)
-0.614***
(0.149)
-0.0312***
(0.0109)
0.0299***
(0.0109)
0.000605**
(0.000275)
0.0389***
(0.0147)
2050.2***
(396.4)
1073.7***
(277.8)
2736.7***
(519.1)

Note: Means and standard deviations (in parentheses) of districtlevel characteristics of performance-pay and salary-schedule districts
in the period 2007-2011 (columns 1 and 2) and differences and standard errors (in parentheses) between the two groups (column 3). The
performance-pay subsample includes 101 districts, the salary-schedule
subsample includes 122 districts. The two subsamples cover ∼ 80%
of the total student population.
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Table 2: Summary statistics - teachers

Female
Experience
has B.A.
has Master’s
has Ph.D.
Salary ($)
Mover
Exiter
N. of teachers

pre-2011
0.731
(0.443)
14.88
(9.613)
0.485
(0.500)
0.509
(0.500)
0.002
(0.042)
50,620
(10,965)
0.022
(0.146)
0.038
(0.191)
78,307

post-2011
0.743
(0.437)
14.47
(8.843)
0.439
(0.496)
0.553
(0.497)
0.002
(0.042)
53,693
(11,406)
0.035
(0.183)
0.052
(0.221)
66,849

Total
0.734
(0.442)
14.78
(9.437)
0.474
(0.499)
0.520
(0.500)
0.002
(0.042)
51,351
(11,149)
0.025
(0.156)
0.041
(0.198)
92,342

Note: Teacher data from the PI-1202 Fall Staff Report All Staff Files for the academic years 20052006 to 2013-2014, published by the Wisconsin Department of Public Instruction (WDPI). The sample is restricted to non-substitute teachers working
in 422 Wisconsin public districts. Teachers earning
top 1% and bottom 1% of FTE-adjusted salaries
are excluded from the sample. Teachers working
in the Kenosha School District are excluded due
to lack of quality in salary data. Salaries are adjusted based on FTE.
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Table 3: Quantile regressions - Dependent variable is log(salary)

PP *post
Observations

10
(1)
-0.005∗
(0.002)
373279

25
(2)
-0.027∗∗∗
(0.003)
373279

75
(3)
0.000
(0.002)
373279

90
(4)
0.002∗
(0.001)
373279

90-10
(5)
0.006∗∗
(0.002)
373279

75-25
(6)
0.027∗∗∗
(0.003)
373279

Note: All regressions include district and year fixed-effects. Standard errors are clustered at the district level. The sample is restricted to the 223
districts in Wisconsin with nonmissing contract data.
Table 4: OLS - Dependent variable is salary residual

VA

VA * post

All districts
(1)
-16.241
(16.0776)

PP
(2)
-14.143
(26.4455)

SS
(3)
-17.874
(20.0582)

All districts
(4)
-16.255
(16.0772)

93.796∗∗
(28.6359)

139.498∗∗
(47.0672)

59.876∗
(35.6621)

58.402∗
(33.5845)

79594
Yes

83.412∗
(48.8363)
138320
Yes

VA * PP * post
Observations
Year FE

138320
Yes

58726
Yes

Note: The dependent variable is salary residuals, calculated as the residuals of a regression of salary on a full set of two-years seniority dummies interacted with education dummies (B.A., Master’s, and Ph.D.),
and year fixed effects, and estimated separately for each district and for
the years 2007-2011 and 2012-2014. Robust standard errors in parentheses. The sample is restricted to the 223 districts in Wisconsin with
nonmissing contract data.
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Table 5: Characteristics of entrants

salary ($10,000)
B.A
Master’s
Ph.D.
Math
Reading
ELA
All subjects
Female

Performance-pay
2007-2011 2012-2014 Difference
34.79
37.64
2.866∗∗∗
(5.083)
(4.663)
0.919
0.928
0.00877
(0.272)
(0.258)
0.0772
0.0715
-0.00570
(0.267)
(0.258)
0
0.000426
0.000426
(0)
(0.0206)
0.0542
0.0668
0.0124∗
(0.226)
(0.250)
0.00978
0.00596
-0.00380
(0.0984)
(0.0770)
0.102
0.107
0.00477
(0.303)
(0.310)
(0.278)
0.314
0.322
0.00733
(0.464)
(0.467)
0.757
0.752
0.00474
(0.429)
(0.432)

Salary-schedule
2007-2011 2012-2014 Difference
34.24
37.00
2.776∗∗∗
(4.241)
(4.558)
0.909
0.879
-0.0295∗∗
(0.288)
(0.326)
0.0870
0.0828
-0.00421
(0.282)
(0.276)
0.00351
0.00218
-0.00134
(0.0592)
(0.0467)
0.0589
0.0588
-0.00165
(0.235)
(0.235)
0.00703
0.00654
-0.000475
(0.0836)
(0.0806)
0.0940
0.0969
0.00317
(0.292)
(0.296)
0.330
0.336
0.00598
(0.471)
(0.472)
0.776
0.734
-0.0414∗∗
(0.417)
(0.442)

Note: Means, standard deviations (in parentheses) and t-tests for differences in means.
Table 6: OLS - Dependent variable is average value added

PP

PP * post
Observations

Movers
(1)
-0.0468
(0.0519)

Movers from SS
(2)
-0.1528∗
(0.0775)

Movers from PP
(3)
0.0811
(0.0827)

Exiters
(4)
0.0803
(0.0553)

All teachers
(5)
0.0290
(0.0209)

0.0781
(0.0864)
1190

0.2357∗
(0.1291)
765

-0.0958
(0.1425)
636

-0.1466∗
(0.0789)
1367

0.0098
(0.0149)
2007

Note: The dependent variable measures average value added of movers by district of destination (column 1), of movers by district of origin and destination (columns 2 and 3), of
exiters by district of origin (column 4), and of all teachers by district (column 5). The
variable PP equals 1 for 101 districts classified as performance-pay. All regressions include year fixed effects. Standard errors in parentheses are clustered at the district level.
The sample is restricted to 223 districts in Wisconsin with non-missing contract data.
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Table 7: OLS - Dependent variable is average value added

mover

mover * post

PP
(1)
-0.0500∗
(0.0299)

SS
(2)
0.0277
(0.0414)

All
(3)
0.0271
(0.0293)

0.0168
(0.0591)

-0.0475
(0.0663)

-0.0482
(0.0503)

PP
(4)

SS
(5)

All
(6)

PP

0.0328
(0.0260)

0.0268
(0.0214)

PP * post

0.0074
(0.0450)

0.0141
(0.0146)

PP * mover

-0.0769∗
(0.0427)

PP * mover * post

0.0649
(0.0735)

exit

0.0147
(0.0376)

-0.0402
(0.0445)

-0.0405
(0.0446)

exiter * post

-0.0876∗
(0.0482)

0.0744
(0.0651)

0.0748
(0.0649)

PP * exiter

0.0551
(0.0580)

PP * exiter * post

-0.1623∗∗
(0.0807)
3151

Observations

1479

1718

3197

1442

1709

Note: The dependent variable measures average value added of teachers by status
(mover, exiter, or incumbent) and by district of destination (columns 1-3) or by district of origin (columns 4-6) The variable mover equals 1 for teachers moving to a
different district in each year. The variable PP equals 1 for 101 districts classified as
performance-pay. The control includes 122 districts classified as salary-schedule. The
variable post equals 1 for years following 2011. The variable exiter equals 1 for teachers
exiting Wisconsin public schools. All regressions include year fixed effects. Standard
errors in parentheses are clustered at the district level. The sample is restricted to 223
districts in Wisconsin with non-missing contract data.
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Table 8: OLS - Dependent variable is average value added
(5)
0.063∗
(0.0369)

(6)
0.063∗
(0.0368)

VA

0.051∗∗
(0.0087)

0.061∗∗
(0.0107)

VA * post

-0.035∗∗
(0.0064)

-0.045∗∗
(0.0088)

% entrants

0.042∗
(0.0252)

% entrants * post

-0.116∗∗
(0.0421)
No
No
No
No
Yes
No
–
31214

PP * post
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School Fixed Effects
Grade FE
Subject FE
School-Grade FE
School-Grade-Subject FE
PP linear trend
VA Controls
Observations

(1)
0.077∗∗
(0.0345)

Yes
Yes
Yes
No
No
No
–
85754

(2)
0.074∗∗
(0.0331)

No
No
Yes
Yes
No
No
–
85754

(3)
0.074∗∗
(0.0331)

No
No
No
No
Yes
No
–
85754

(4)
0.047∗
(0.0257)

No
No
No
No
Yes
Yes
–
85754

(7)
0.063∗
(0.0367)

(8)
0.065∗∗
(0.0323)

0.043∗
(0.0252)

0.041∗
(0.0248)

0.041∗
(0.0246)

-0.116∗∗
(0.0422)
No
No
No
No
Yes
No
VA2 , VA3
31214

-0.113∗∗
(0.0414)
No
No
No
No
Yes
No
Quartiles
31214

-0.113∗∗
(0.0416)
No
No
No
No
Yes
Yes
Quartiles
31214

Note: The dependent variable is average test scores at the grade-school-year level for Mathematics, Reading, and English Language Arts, for grades 3-8 and 10, standardized at the grade-subject level. The variable PP equals 1 for 101
districts classified as performance-pay. The control includes 122 districts classified as salary-schedule. The variable
post equals 1 for years following 2011. All regressions include year fixed effects. Standard errors in parentheses are
clustered at the district level. The sample is restricted to 223 districts in Wisconsin with nonmissing contract data.

Table 9: Estimates of parameters of the model

parameter
αx

α0

Teacher
interpretation
salary ($1,000)
distance
incumbent
% poor students
urban
baseline utility

estimate
0.998
-0.015
11.789
-0.123
0.008
0.002

parameter
β

µε
σε

District
interpretation
value added
experience
Master’s
entrant
mean of shock
s.d. of shock

Note: Parameters are estimated by maximum likelihood.
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estimate
0.125
0.052
0.496
-0.0005
0.001
10.498

Figure A1: Conceptual framework: movers and leavers, case 1 (top panel) and case 2 (bottom
panel)

Notes: Values of θ and move/exit decisions, incuments in district A as described in the conceptual
framework in section 4.
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Figure A2: Average value added of teachers moving across districts by type of district origin
and destination - Matched sample

Notes: Average value added of teachers moving across Wisconsin districts between 2006 and 2014, by
type of district of origin and destination. The sample is obtained via propensity-score matching, and
contains 101 performance-pay and 50 salary-schedule districts.
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Figure A3: Difference in value added of movers, SS to PP vs. PP to SS - Matched sample

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Am
jt =
P2014
m
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers moving to district j
in time t, P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. The
sample is restricted to teachers moving either from salary-schedule to performance-pay districts, or from
performance-pay to salary-schedule districts. Standard errors are clustered at the district level. The
sample is obtained via propensity-score matching, and contains 101 performance-pay and 50 salaryschedule districts.
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Figure A4: Average value added of teachers exiting Wisconsin public schools by type of districts,
2007-2013 - Matched sample

Notes: Average value added of teachers exiting public schools in Wisconsin between 2006 and 2014,
by type of district of origin. The sample is obtained via propensity-score matching, and contains 101
performance-pay and 50 salary-schedule districts.
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Figure A5: Difference in value added of exiters, SS vs. PP - Matched sample

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Aejt =
P2014
e
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers exiting district j in time t,
P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. Standard errors are
clustered at the district level. The sample is obtained via propensity-score matching, and contains 101
performance-pay and 50 salary-schedule districts.
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Figure A6: Average value added of teachers in Wisconsin public schools by type of district of
origin - Matched sample

Notes: Average value added of teachers employed in public schools in Wisconsin between 2006 and 2014,
by type of district of origin. The sample is obtained via propensity-score matching, and contains 101
performance-pay and 50 salary-schedule districts.
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Figure A7: Difference in value added, SS vs. PP - Matched sample

Notes: OLS point estimates and confidence intervals of the coefficients βt in the regression V Ajt =
P2014
s=2006 βs P Pj ∗ θs + θt + εjt , where V Ajt is average value added of teachers employed in district j in
time t, P Pj equals 1 for performance-pay districts, and τt is a vector of two-year dummies. Standard
errors are clustered at the district level. The sample is obtained via propensity-score matching, and
contains 101 performance-pay and 50 salary-schedule districts.
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Figure A8: Differences in standardized test scores, 2006-2014 - Matched sample

Notes: Difference in average standardized test scores between performance-pay and salary-schedule districts over time. Averages for the two groups are computed based on grade-school-subject level achievement data. The sample is obtained via propensity-score matching, and contains 101 performance-pay
and 50 salary-schedule districts.
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Table A1: Performance-pay and salary-schedule districts: pre-Act 10 characteristics - Matched
sample

urban
suburban
property value
enrollment
% black students
% disadvantaged students
math test scores
reading test scores
experience
B.A.
Master’s
Ph.D.
VA
salary ($)
salary, experience≤5 ($)
salary, experience>20 ($)
N. of districts

SS
0.0600
(0.238)
0.220
(0.416)
680892.4
(466520.1)
2542.5
(3784.5)
3.391
(7.065)
33.22
(14.76)
473.9
(12.89)
476.8
(9.658)
14.31
(2.044)
0.460
(0.121)
0.535
(0.126)
0.00124
(0.00376)
0.00694
(0.172)
51127.1
(4951.2)
38619.4
(3476.9)
60504.8
(6602.6)
101

PP
0.0594
(0.237)
0.297
(0.458)
831146.8
(997650.0)
2926.1
(3034.3)
2.876
(4.595)
32.85
(14.38)
476.1
(12.38)
478.9
(9.773)
13.83
(1.865)
0.453
(0.136)
0.542
(0.135)
0.00149
(0.00423)
0.0264
(0.204)
52459.8
(5406.0)
38973.0
(3809.1)
62373.3
(6790.3)
50

Difference
-0.000594
(0.0237)
0.0770*
(0.0444)
150254.4*
(85787.3)
383.6
(329.6)
-0.515
(0.564)
-0.864
(1.448)
2.188*
(1.288)
2.089**
(0.999)
-0.482**
(0.192)
-0.00678
(0.0131)
0.00669
(0.0132)
0.000260
(0.000407)
0.0195
(0.0194)
1366.7***
(525.2)
353.6
(370.5)
1947.1***
(673.3)

Note: Means and standard deviations (in parentheses) of district-level characteristics of performance-pay and salary-schedule districts in the
period 2007-2011 (columns 1 and 2) and differences and standard errors (in parentheses) between the two groups (column 3). The sample is
obtained via propensity-score matching, and contains 101 performance-pay and 50 salary-schedule districts.
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Table A2: District characteristics, by availability of Employee Handbook

enrollment
% black students
% disadvantaged students
salary ($)
salary, experience≤5 ($)
salary, experience>20 ($)
experience
B.A.
Master’s
Ph.D.
VA
math test scores
reading test scores
property value per-pupil
N

Unavailable
680.2
(592.3)
1.271
(1.584)
40.66
(15.22)
48219.4
(4671.6)
36838.5
(3612.0)
56039.7
(5865.3)
14.75
(2.716)
0.580
(0.167)
0.418
(0.167)
0.000593
(0.00366)
-0.00149
(0.247)
471.7
(12.00)
476.8
(9.712)
997153.1
(1373067.7)
204

Available
2996.6
(5418.2)
3.042
(6.155)
34.91
(14.82)
51346.1
(5201.3)
38383.6
(3612.2)
60892.9
(6804.8)
14.16
(1.945)
0.470
(0.141)
0.525
(0.141)
0.00116
(0.00356)
0.00515
(0.190)
473.9
(12.60)
477.1
(9.573)
713766.2
(741929.9)
223

Standard errors in parentheses
* p < 0.1, ** p < 0.05, *** p < 0.01

81

Difference
-2316.4***
(222.2)
-1.531***
(0.305)
6.032***
(0.854)
-3134.1***
(279.1)
-1553.5***
(203.2)
-4835.1***
(359.1)
0.585***
(0.132)
0.110***
(0.00864)
-0.107***
(0.00865)
-0.000571***
(0.000203)
-0.00667
(0.0123)
-2.266***
(0.703)
-0.274
(0.550)
283387.0***
(61193.2)

Table A3: OLS - Dependent variable is salary residual

Math
Math * post
English
English * post
Reading
Reading * post
All subjects
All subjects * post

PP
(1)
357.664∗∗
(59.3961)
-275.880∗∗
(100.7829)
-103.525∗∗
(48.4319)
-100.809
(81.9236)
507.392∗∗
(98.2018)
-62.185
(183.0232)
-208.376∗∗
(29.2825)
-108.287∗∗
(49.6706)

SS
(2)
204.251∗∗
(50.2798)
-19.460
(91.2802)
-100.593∗∗
(39.9664)
-163.726∗∗
(72.1534)
503.962∗∗
(80.1166)
-44.637
(143.0179)
-8.959
(24.2599)
-133.818∗∗
(42.2387)

159914
Yes
Yes

207222
Yes
Yes

VA
VA * post
VA * Math
VA * Math * post
VA * English
VA * English * post
VA * Reading
VA * Reading * post
VA * All subjects
VA * All subjects * post
Observations
Year FE
Lowest & highest grade FE

PP
(3)
1869.489∗∗
(233.9373)
-249.069
(376.6482)
-479.243∗∗
(215.4925)
146.229
(345.4769)
4577.478∗∗
(261.7640)
-1273.105∗∗
(444.5453)
581.023∗∗
(191.4007)
-25.955
(301.9824)
115.954
(155.3317)
78.816
(241.2984)
-4704.414
(5451.2673)
-290.414
(338.0202)
-8600.271
(7659.6611)
156.291
(478.7502)
-3083.180
(11077.6250)
-1184.538∗∗
(598.0900)
-4135.784
(4417.1372)
-112.844
(268.2989)
60290
Yes
Yes

SS
(4)
-1653.350∗∗
(178.7553)
508.722∗
(300.1817)
-2361.166∗∗
(162.3586)
269.423
(271.8361)
1098.174∗∗
(224.5063)
-547.886
(391.7061)
-1285.094∗∗
(140.2816)
1472.208∗∗
(229.6980)
96.029
(102.1651)
155.027
(164.2228)
-5007.230
(3797.8920)
93.285
(243.5454)
-1552.060
(6025.1072)
-686.572∗
(370.4006)
-3283.181
(10404.2291)
-1752.723∗∗
(540.2833)
7509.698∗∗
(3019.2847)
-226.962
(192.6536)
81847
Yes
Yes

Note: The dependent variable is salary residuals, calculated as the residuals of a regression of salary on a full set of two-years seniority dummies interacted with education
dummies (B.A., Master’s, and Ph.D.), and year fixed effects, and estimated separately
for each district and for the years 2007-2011 and 2012-2014. Robust standard errors in
parentheses. The sample is restricted to the 223 districts in Wisconsin with nonmissing
contract data.
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Table A4: Characteristics of entrants - Matched sample

salary ($10,000)
B.A
Master’s
Ph.D.
Math
Reading
ELA
All subjects
Female

Performance-pay
2007-2011 2012-2014 Difference
34.79
37.64
2.866∗∗∗
(5.083)
(4.663)
0.919
0.928
0.00877
(0.272)
(0.258)
0.0772
0.0715
-0.00570
(0.267)
(0.258)
0
0.000426
0.000426
(0)
(0.0206)
0.0542
0.0668
0.0124∗
(0.226)
(0.250)
0.00978
0.00596
-0.00380
(0.0984)
(0.0770)
0.102
0.107
0.00477
(0.303)
(0.310)
(0.278)
0.314
0.322
0.00733
(0.464)
(0.467)
0.757
0.752
0.00474
(0.429)
(0.432)

Salary-schedule
2007-2011 2012-2014 Difference
34.24
37.00
2.776∗∗∗
(4.241)
(4.558)
0.909
0.879
-0.0295∗∗
(0.288)
(0.326)
0.0870
0.0828
-0.00421
(0.282)
(0.276)
0.00351
0.00218
-0.00134
(0.0592)
(0.0467)
0.0589
0.0588
-0.00165
(0.235)
(0.235)
0.00703
0.00654
-0.000475
(0.0836)
(0.0806)
0.0940
0.0969
0.00317
(0.292)
(0.296)
0.330
0.336
0.00598
(0.471)
(0.472)
0.776
0.734
-0.0414∗∗
(0.417)
(0.442)

Note: Means, standard deviations (in parentheses) and t-tests for differences in means. The sample is obtained via propensity-score
matching, and contains 101 performance-pay and 50 salary-schedule districts.
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Table A5: OLS, Matched sample - Dependent variable is average value added

PP

PP * post
Observations

Movers
(1)
-0.0622
(0.0710)

Movers from SS
(2)
-0.1933∗
(0.1098)

Movers from PP
(3)
0.0893
(0.1036)

Exiters
(4)
0.1014
(0.0722)

All teachers
(5)
0.0041
(0.0240)

0.1206
(0.1213)
829

0.3000∗
(0.1721)
535

0.0345
(0.1837)
466

-0.2309∗
(0.1214)
938

0.0154
(0.0192)
1359

Note: The dependent variable measures average value added of movers by district of destination (column 1), of movers by district of origin and destination (columns 2 and 3), of
exiters by district of origin (column 4), and of all teachers by district (column 5). The
variable PP equals 1 for districts classified as performance-pay. All regressions include
year fixed effects. Standard errors in parentheses are clustered at the district level. The
sample is obtained using propensity-score matching, and contains 101 performance-pay
and 50 salary-schedule districts.

84

Table A6: OLS, Matched sample - Dependent variable is average value added

mover

mover * post

PP
(1)
-0.0500∗
(0.0299)

SS
(2)
0.0164
(0.0602)

All
(3)
0.0169
(0.0448)

0.0168
(0.0591)

-0.0842
(0.1062)

-0.0869
(0.0766)

PP
(4)

SS
(5)

All
(6)

PP

0.0091
(0.0329)

0.0024
(0.0243)

PP * post

0.0083
(0.0569)

0.0161
(0.0177)

PP * mover

-0.0670
(0.0542)

PP * mover * post

0.1034
(0.0930)

exit

0.0147
(0.0376)

-0.0872
(0.0652)

-0.0859
(0.0640)

exiter * post

-0.0876∗
(0.0482)

0.1631
(0.1116)

0.1610
(0.1096)

PP * exiter

0.1005
(0.0741)

PP * exiter * post

-0.2482∗∗
(0.1195)
2146

Observations

1479

709

2188

1442

704

Note: The dependent variable measures average value added of teachers by status
(mover, exiter, or incumbent) and by district of destination (columns 1-3) or by district
of origin (columns 4-6) The variable mover equals 1 for teachers moving to a different
district in each year. The variable PP equals 1 for districts classified as performancepay. The control includes districts classified as salary-schedule. The variable post equals
1 for years following 2011. The variable exiter equals 1 for teachers exiting Wisconsin
public schools. All regressions include year fixed effects. Standard errors in parentheses are clustered at the district level. The sample is obtained using propensity-score
matching, and contains 101 performance-pay and 50 salary-schedule districts.
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Table A7: OLS, Matched sample - Dependent variable is average value added
(5)
0.034
(0.0375)

(6)
0.034
(0.0374)

VA

0.067∗∗
(0.0102)

0.081∗∗
(0.0121)

VA * post

-0.064∗∗
(0.0091)

-0.073∗∗
(0.0144)

% entrants

0.013
(0.0504)

% entrants * post

-0.124
(0.0757)
No
No
No
No
Yes
No
–
21633

PP * post
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School Fixed Effects
Grade FE
Subject FE
School-Grade FE
School-Grade-Subject FE
PP linear pre-trend
VA Controls
Observations

(1)
0.039
(0.0436)

Yes
Yes
Yes
No
No
No
–
54429

(2)
0.037
(0.0441)

No
No
Yes
Yes
No
No
–
54429

(3)
0.037
(0.0441)

No
No
No
No
Yes
No
–
54429

(4)
0.026
(0.0435)

No
No
No
No
Yes
Yes
–
54429

(7)
0.035
(0.0373)

(8)
0.044
(0.0410)

0.014
(0.0505)

0.015
(0.0498)

0.016
(0.0495)

-0.128∗
(0.0764)
No
No
No
No
Yes
No
VA2 , VA3
21633

-0.125∗
(0.0738)
No
No
No
No
Yes
No
Quartiles
21633

-0.126∗
(0.0743)
No
No
No
No
Yes
Yes
Quartiles
21633

Note: The dependent variable is average test scores at the grade-school-year level for Mathematics, Reading, and
English Language Arts, for grades 3-8 and 10, standardized at the grade-subject level. The variable PP equals 1
for 101 districts classified as performance-pay. The control includes 122 districts classified as salary-schedule. The
variable post equals 1 for years following 2011. All regressions include year fixed effects. Standard errors in parentheses are clustered at the district level. The sample is obtained using propensity-score matching, and contains 101
performance-pay and 50 salary-schedule districts.

Table A8: Value added: variance of effects

group

Variance
teacher effect teacher by year effect

Mathematics, elementary
Mathematics, secondary
Reading, elementary
Reading, secondary
English-Language-Arts, elementary
English-Language-Arts, secondary

0.095
0.063
0.024
0.032
0.001
0.014

0.274
0.126
0.253
0.148
0.001
0.055

Note: Target rates are obtained from the data, over the period 2008-2014. Simulation rates are obtained from the model and using the
parameter estimates in Table 9.

87

Appendix B - Estimating Teacher Value Added Using Aggregate
Achievement Data
The unavailability of individual-level student achievement data matched with teacher information prevents me from using standard techniques to estimate teacher value added. In this
section I present the data and the empirical methodology employed to obtain the measure used
in my empirical analyses.
Student achievement data is available for students in grades 4, 8 and 10 for the years 1999 to
2005, and 3-8 and 10 for the years 2006 to 2014. Average standardized test scores are reported
for Mathematics, Readings, and English-Language-Arts separately for each grade, school, and
year. To avoid endogeneity issues I restrict the sample to the years 1999 to 2011.
My measure of value added is based on the one used by Kane and Staiger (2008). Teacher
value added is defined as the teacher effect (µ) in the equation
Agst = βXgst + νgst , where νgst = µj(gst) + θj(gst)t + gst
where Agst is average achievement in grade g, school s, and year t, and j(gst) denotes teachers
serving grade g in school s and in year t. The control variables include characteristics of
the composition of students. The residual (νgst ) is assumed to be composed of teacher value
added (µj(gst) ), constant for a teacher over time, a classroom effect (to capture peer effects and
classroom dynamics) that varies from year to year for each teacher (θj(gst)t ), and an idiosyncratic
student effect that varies across grades, schools, and over time (gst ).
To obtain teacher fixed effects, I proceed as follows.
1. I estimate β using standard OLS, regressing achievement on grade composition (male/female,
race, ethnicity, LEP, SES, disability, migration), grade, and school-year FEs;
2. I predict residuals v̂gst , and assign them to each teacher depending on her grade-school
assignment in each year. This allows me to define v̄jt , average residual for teacher i in
year t across all grades taught (if more than one).
3. I use the residuals to compute the following quantities:
• The variance of the teacher component (µj(gst) ) of the residuals, σµ2 = Cov(v̄jt , v̄jt−1 );
• The variance of the grade component (gst ) of the residuals, σ2 = V ar(vgst − v̄gs );
• The variance of the classroom component (θj(gst) ) of the residuals, σ2 = V ar(vijt −
v̄ij ).
4. I compute a average of the average residuals for each teachers, weighted by its precision:
v̄j =

X
t

wjt v̄jt

hjt
and
, where wjt = P
t hjt
hjt =

where njt is class size.
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σθ2

1
+ σ2 /njt

5. Finally, I compute value added as
V Ai = v̄j (σµ2 /V ar(v̄j ))
where V ar(v̄j ) = σµ2 + (

P

t hjt )

−1 ,

hjt = (σθ2 + σ2 /njt ) represents the shrinkage factor,

and captures the reliability of v̄j as an estimate for µj .
I estimate value added separately for each subject, and for teachers serving elementary schools
(grades 1 to 5) and secondary schools (grades 6 to 12). Standard deviation of teacher and
teacher by year effects are reported in Appendix Table A8. The standard deviation of teacher
effects varies from a minimum of 0.001 for elementary ELA teachers to a maximum of 0.063 of
Mathematics secondary teachers. These standard deviations are smaller than the ones reported
in Kane and Staiger (2008), which report values between 0.08 and 0.1 for estimates obtained
from a model of student achievement that uses student fixed effects. Indeed, the lack of studentlevel achievement data and the impossibility of exactly matching teachers with the students they
taught introduce measurement error in the estimated teacher effects, pushing them towards zero.

Appendix C - Solving the District’s Problem
The problem faced by the district is as follows (I drop the subscript j for simplicity):

max

{oi }i∈N

s.t.

N
X
i=1
N
X

N
X

hi oi ui

i=1

hi oi wi ≤ B
hi oi ≤ H

i=1

oi ∈ {0, 1} ∀i = 1, .., N
where oi = 1 if an offer is made, hij is an indicator of whether teacher i accepts district j’s offer,
if one is made, ui is the utility from hiring teacher i, wi is wage, B is the budget constraint,
and H is the maximum number of teachers which can be hired.
This is a linear programming problem which can be seen as a two-constraints version of the
0-1 knapsack problem. I solve it using the algorithm proposed by Martello and Toth (2003),
which develops in the following steps.
1. Write the continuous relaxation (CR) of the problem , i.e. substitute the third constraint
with the milder 0 ≤ oi ≤ 1 ∀i.
2. Re-write the CR problem as a function of a Lagrange multiplier (λ) on the second con-
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straint (CR(λ)):

max

{oi }i∈N

s.t.

N
X

N
X

hi oi (ui − λ) + λN

i=1

hi oi wi ≤ B

i=1

0 ≤ oi ≤ 1 ∀i = 1, .., N
∗

3. Solve the CR(λ) problem as in Dantzig (1957). The solution to this problem, oc , is as
follows:




1


Pi−1
∗
wj
oc (λ) = c − j=1
wi



0 if i = s(λ)

if i < s(λ)
if i = s(λ) and hi (ui − λ) ≥ 0

(20)

and hi (ui − λ) < 0 or i > s(λ)

where teachers are sorted so that hi (ui −λ)/wi ≥ hi+1 (ui+1 −λ)/wi+1 , and s(λ) represents
P
the “critical” teacher, i.e. s(λ = min{i : ij=1 wj hj > B or hi (ui − λ) ≤ 0}.
 ∗ 
4. For a given λ, define the solution to the discrete choice model as o∗ (λ) = oc (λ) .
5. Select the optimal λ∗ as follows:
(a) Construct a set S of admissible levels of λ. As shown by Martello and Toth (2003),
this includes: a) λ = 0; b) λ = uj ∀i; c) λ = (uj wi − ui wj )/(wj − wi ) ∀i < j and
such that λ > 0.
(b) For each of these admissible levels, compute the value of the relaxed budget conPs(λ)−1
∗
straint: R(λ) = i=1 hi + ocs(λ) (λ)hs(λ)
(c) Select the median value of the elements of S, called λM .
(d) If R(λ) = H, then λ∗ = λm .
(e) If R(λ) > H, then remove λm from S, and reiterate from (c).
The solution to the problem is then given by o∗ (λ∗ ).
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