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Abstract 

 

In recent years, states have sought to increase accountability for public school teachers by 

implementing high-stakes evaluation systems. We examine the effect of these reforms on the 

supply and quality of new teachers. Leveraging variation across states and time, we find that 

evaluation reforms reduced the number of new teaching licenses and increased the likelihood of 

unfilled teaching positions, particularly in hard-to-staff schools. Evidence also suggests that 

reforms increased the quality of newly hired teachers – as measured by the selectivity of their 

undergraduate institutions – by shifting the lower tail of the quality distribution upward. 

Decreases in job security, satisfaction, and autonomy are likely mechanisms for these effects. 
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I. Introduction 

 

In response to mounting public pressure and strong incentives from the federal 

government, state legislatures across the country have enacted laws aimed at increasing 

accountability for public school teachers. By 2016, 44 states had implemented major reforms to 

their teacher evaluation systems intended to increase the rigor of performance reviews and 

streamline the dismissal process. Proponents of accountability reforms argued that high-stakes 

evaluation systems combined with merit pay could transform the teacher labor force by 

removing low-performing teachers and attracting more highly-qualified candidates into the 

profession (Hanushek 2009; Klein 2010). In contrast, opponents of these reforms argued that 

high-stakes teacher evaluation systems were unreliable and would only serve to make teaching a 

less attractive profession (Fullan 2011). However, limited empirical evidence exists on whether 

and how these reforms actually have affected the teacher labor market. 

What evidence we have comes from studies that examine the effect of accountability 

reforms on the effort and career decisions of current teachers. Prior research has shown that 

school-level accountability reforms decrease teachers’ perceptions of job security (Reback, 

Rockoff, and Schwartz 2014) and increase their effort via reduced absences (Jacob, 2013; 

Gershenson, 2016). Several studies have also shown that the implementation of high-stakes 

evaluation systems has increased voluntary attrition of lower-performing teachers in large urban 

school districts (Dee and Wyckoff 2015; Loeb, Miller, and Wyckoff 2015; Sartain and Steinberg 

2016; Cullen, Koedel, and Parsons 2016).  

This paper addresses the largely unexamined question of how accountability reforms 

affect new teachers. We exploit arguably exogenous variation in the timing of teacher evaluation 

reforms across states to provide the first empirical evidence on how these reforms affected the 
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supply of prospective public school teachers and the ability of schools to fill vacant teaching 

positions. We then examine the distributional effects of evaluation reforms on the quality of 

newly hired teachers as measured by the selectivity of their undergraduate institutions and 

whether they held an emergency license.  

Many prior studies estimate potential learning gains from dismissing low-performing 

teachers through simulation analyses. These studies implicitly assume that dismissed teachers 

can always be replaced with average-quality novice teachers (Gordon, Kane, and Staiger 2006; 

Hanushek 2009; Staiger and Rockoff 2010; Winters and Cowen 2013a, 2013b; Goldhaber and 

Hansen 2010). Rothstein’s (2015) simulation analyses of a teacher dismissal policy that allows 

for potential effects on current and future labor supply suggests these assumptions may not be 

justified. Although his simulation of dismissing the bottom 20 percent of teachers during tenure 

review is far more extreme than any observed in practice, Rothstein’s findings suggest that it 

would require “substantial increases in teacher salaries” to offset the performance-based 

dismissal policy and continue to draw equivalent numbers of new entrants into the teaching 

profession (p.126).   

Our analyses provide the first empirical evidence to evaluate the assumption that 

evaluation reforms do not affect the ability of schools to fill open teaching positions or the 

quality of the new teachers who fill these vacancies. We begin by providing an overview of 

teacher evaluation reforms and then present an adapted Roy (1951) model of occupational choice 

to illustrate the likely effects of evaluation reforms on the supply and quality of new teachers. 

Assuming that evaluation reforms increased the relative costs of entering the teaching profession, 

our model predicts an unambiguous decline in the supply of new teachers but an ambiguous 

effect on teacher quality. We test these predictions using a series of complementary event study 
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and difference-in-differences methods. We examine the effect of evaluation reforms on the 

supply of new teachers using panel data on the number of initial teaching licenses states granted 

from 2002 to 2016 as a measure of supply. We also examine the effect of evaluation reforms on 

teaching position vacancies, proxy measures of new teacher quality, and a range of potential 

mechanisms using a panel dataset comprised of repeated waves of nationally representative data 

on public schools and teachers from the Schools and Staffing Survey (SASS) / National Teacher 

and Principal Survey (NTPS).  

The bundled nature of education reforms enacted by some state legislatures makes 

definitively isolating the effect of evaluation reforms challenging. Adopting high-stakes teacher 

evaluation systems was the most widespread of these reforms, and our definition of treatment as 

the year evaluation reforms were implemented statewide serves to break much of the collinearity 

with other education initiatives passed in the same legislative sessions (see Appendix Table C1). 

At a minimum, our results can be interpreted as the effect of a package of teacher accountability 

reforms centered around new evaluation systems, but that also included changes to teacher 

certification (increased pathways and new licensure exams) and the weakening of tenure and 

teacher collective bargaining rights in some states. 

We find that implementing high-stakes evaluation reforms reduced the supply of new 

teachers by approximately 16 percent in states that adopted evaluation reforms. This result is 

consistent with Rothstein’s (2015) predictions given that we find no evidence of offsetting 

increases in teacher salaries. Flexible models suggest that evaluation reforms appear to result in a 

steady decline in new labor supply over time. Given that the number of graduates from teacher 

preparation programs each year has historically been more than double the number of vacant 

teaching positions in the U.S. (Cowan et al. 2016), this reduction in teacher supply could have 
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little effect on the ability of schools to fill vacant teaching positions. However, despite the 

oversupply of teacher candidates nationally, we find that reductions in teacher supply caused by 

evaluation reforms appear to bind for schools. Evaluation reforms increased the probability a 

school had at least one unfilled teaching vacancy by 2.8 percentage points relative to a pre-

reform mean of 4 percent. As prior evidence would suggest, these effects are concentrated in 

traditionally hard-to-staff schools that serve larger proportions of disadvantaged students (Steele, 

Murnane, and Willett 2010; Clotfelter et al. 2008).  

At the same time, we also find suggestive evidence that evaluation reforms increased the 

quality of new teachers. These analyses examine the best available state-level measure for 

teacher quality: the selectivity of teachers’ undergraduate institution. Although this input 

measure of quality is an imperfect proxy for teacher performance on the job, it allows us to better 

explore the nature of supply-side responses to evaluation reforms. We find that the increase in 

the overall selectivity of new teachers’ undergraduate institutions is primarily driven by an 

inward shift of the lower tail of the quality distribution from the least competitive institutions to 

competitive ones, rather than an outward shift of the upper tail towards highly-competitive ones. 

This implies that evaluation reforms have primarily decreased the supply of teachers coming 

from less competitive institutions.  

We explore a range of alternative explanations for the effects we find on teacher supply 

and quality. These robustness tests confirm that our results are not driven by declines in demand 

for public school teachers or changes in macroeconomic conditions that affected the broader 

labor market. Analyses in which we compare the magnitude and robustness of evaluation reform 

effects to a range of other education policy reforms adopted during the period we study provide 
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further evidence that new evaluation systems were the driving force behind the changes in 

teacher supply and quality we find.  

Finally, we explore possible mechanisms for our findings by analyzing new teachers’ 

perceptions about their working conditions. These analyses show that among new teachers, 

evaluation reforms substantially decreased perceptions about job security, job satisfaction, 

cooperative effort, and control over content and teaching methods. We conclude with a 

discussion of the implications for policy, practice and future research.  

  

II. Teacher Evaluation Reforms 

 Efforts to introduce greater accountability in schools and classrooms have ebbed and 

flowed throughout the history of U.S. public education. The No Child Left Behind (NCLB) Act, 

passed in 2002, expanded test-based school accountability policies nationally and established 

more rigorous teacher licensure standards with the aim of improving teacher quality. In 

following years, a growing body of research on teacher effectiveness exploited new district 

administrative datasets linking students to teachers that NCLB helped to create. Three seminal 

findings from this research served as signposts for the Obama administration’s efforts to promote 

teacher accountability reform: 1) the effects teachers have on student learning are large and vary 

considerably across teachers, 2) teacher qualifications are only weakly related to student 

learning, and 3) teacher evaluation systems were failing to differentiate among teachers despite 

the large differences in teacher effectiveness.  

 Starting in 2009, the Obama administration leveraged $4.35 billion from the American 

Reinvestment and Recovery Act to fund the Race to the Top (RTTT) grant competition. The 

RTTT application rubric detailed specific evaluation system reforms required for a competitive 
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proposal such as evaluating teachers using multiple measures including student achievement 

growth, rating teachers on a scale with multiple categories, conducting annual evaluations, and 

using evaluations to make high-stakes personnel decisions. Forty-six states applied in the first of 

three rounds of funding under RTTT.1 In 2012, the Obama administration then made adopting 

evaluation reforms a condition for states to receive a waiver from the increasingly stringent 

accountability consequences of failing to meet Annual Yearly Progress targets set by NCLB.  

By 2016, 44 states had passed legislation that mandated major teacher evaluation reforms 

(National Council on Teacher Quality 2016). While new evaluation systems differ across states, 

nearly all systems share a common set of features: 1) the incorporation of multiple measures of 

teacher performance including test-based performance measures such as value-added measures 

or student growth percentiles; 2) the use of multiple performance rating categories; and 3) the 

use of evaluation ratings to inform high-stakes personnel decisions. Although individual test-

based performance measures are limited to a minority of teachers in tested grades and subjects, 

many systems also incorporated grade-level and/or school-wide test-based performance 

measures. Teachers receiving low evaluation ratings could be dismissed or denied tenure or 

promotion, while teachers with exemplary ratings could be rewarded with merit pay or promoted 

to new positions on a career ladder (Donaldson and Papay 2015). 

 

III. Conceptual Framework 

How might adopting high-stakes evaluation systems affect the supply and quality of 

prospective teachers? Evidence suggests that individuals who select into teacher preparation 

programs place a higher premium on job security than other college graduates (Bowen et al. 

                                                 
1 Private foundations and philanthropic organizations such as the Gates and Broad Foundations and the New Schools 

Venture Fund also invested millions of dollars to support evaluation reforms across the country. 
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2015; Lang and Palacios 2018). Accountability reforms that weaken job security could decrease 

labor supply without offsetting increases in teacher salaries. Reforms could also decrease new 

labor supply if they make the profession less enjoyable by, for example, decreasing teacher 

autonomy through a prescribed curriculum aligned with high-stakes tests and an increased focus 

on test preparation (Reback, Rockoff, and Schwartz 2014). Importantly, even if accountability 

reforms have no direct effect on job protections or satisfaction, they may still affect new labor 

supply if they create the perception among potential entrants into the profession that teaching is a 

less secure or enjoyable career (Kraft and Gilmour 2016).  

To illustrate the potential effects of teacher evaluation reforms on the supply and quality 

of prospective teachers, we adapt a simple Roy (1951) model of occupational choice in which 

accountability reforms increase the relative costs associated with teaching. We begin by 

assuming accountability reforms impose costs that are common to all teachers. We then relax 

that assumption by allowing costs to vary with individual ability, an extension that has important 

implications for predictions about how evaluation reforms might affect teacher quality. 

Individuals choose between a career teaching in public schools (hereafter teaching), T, or 

an alternative occupation, A, that represents all outside labor market options, by choosing the 

occupation that maximizes expected earnings, w. Earnings in teaching and the alternative 

occupation are given by: 

𝑤𝑇=𝜇𝑇+𝜂𝑇𝜈−𝐶 

𝑤𝐴=𝜇𝐴+𝜈 

where 𝜇𝑇 and 𝜇𝐴 denote average earnings in the teaching and alternative occupation respectively, 

𝜈 denotes the individual’s ability, which is continuously distributed with mean zero and variance 



9 

 

𝜎𝜈
2, and 𝜂𝑇 is the return to ability in the teaching sector relative to the alternative occupation. 

Assuming 0<𝜂𝑇<1 earnings will be more compressed in the teaching sector.2  

The term C denotes costs common to all teachers. These costs may include the 

opportunity costs of earning a teaching certificate from an educator preparation program and 

passing state teacher licensure exams. We conceptualize evaluation reforms as increasing C 

through the monetized costs of declines in job security and/or job satisfaction in teaching relative 

to the alternative occupation.3 An individual chooses teaching as a career if 𝑤𝑇>𝑤𝐴, implying 

the individual indifferent between a career in teaching and the alternative occupation is 

characterized by: 𝐹(𝜈,𝐶,𝜂𝑇,𝜇𝑇,𝜇𝐴)= 𝜇𝑇−𝜇𝐴−𝐶−𝜈(1−𝜂𝑇)=0.   

Figure 1 illustrates the effect of an increase in the relative costs of teaching. When the 

relative costs associated with teaching are the same for everyone, individuals on the margin 

between teaching and the alternative occupation are the highest quality prospective teachers. As 

a result, prior to the cost increase, all individuals with ability lower than 𝜈𝑖 choose a career in 

teaching and all individuals with ability above 𝜈𝑖 choose the alternative occupation. When costs 

increase, 𝜈𝑖 shifts left to 𝜈𝑖
′, implying both the share and average ability of individuals choosing a 

career in teaching decline since the cost increase reduces the earnings associated with teaching 

relative to the alternative occupation.4 

                                                 
2 See Lang and Palacios (2018), Hoxby and Leigh (2004), Goldhaber, DeArmond, Liu, and Player (2007) and 

Chingos and West (2012) for evidence that wages are more compressed for individuals employed in public-sector 

teaching than for individuals employed in the private sector. 
3 It could be argued, as some reformers implicitly did, that evaluation coupled with compensations reforms such as 

merit pay would reduce costs for high-ability individuals. While Race to the Top also incentivized states to include 

proposals for implementing merit pay in their applications, Buck and Greene (2011), argue “merit pay plans are 

more likely to be symbolic than substantive and more likely to be promised than delivered.” An IES-funded 

experimental evaluation of the Teacher Incentive Fund grant program found that, among districts that received 

Federal grants to implement merit pay, bonuses were small, awarded to a majority of teachers, not well understood, 

and that few districts expected to be able to sustain the programs (Chiang et al. 2017). See Dee and Wyckoff (2015) 

for a further discussion of the limited and short-lived nature of most merit pay plans.  
4 Formally, the share of individuals choosing a career in teaching is: Pr(𝑇)=∫ 𝑓(𝑣)𝑑𝑣

𝑣𝑖
−∞

, where 𝑓(𝑣) is the density 

function of individuals’ ability. The change in the probability of choosing teaching as a career when costs increase is 
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While the assumption that costs are the same for everyone is a common feature in many 

studies that employ Roy models of occupational choice, it is also a relatively restrictive 

assumption.5 We therefore extend the model to allow costs to vary with ability by specifying the 

relative costs associated with teaching as 𝐶𝑔(𝜌,𝑣). The term 𝑔(𝜌,𝑣) allows costs to depend on 

ability and the parameter 0<𝜌<1 determines the degree to which costs differ by ability. We 

assume 𝑔(𝜌,𝜈) is from the family of exponential functions with: 𝑔(𝜌,𝜈)>0, 𝑔𝜈<0, 𝑔𝜈𝜈>0, 

𝑔𝜈𝜌<0,  lim
𝜈→−∞

𝑔(𝜌,𝜈)=∞,  lim
𝜈→∞
𝑔(𝜌,𝜈)=0.6  

The condition 𝑔𝜈<0 implies the relative costs associated with teaching decline with 

ability. For example, passing licensure tests is costlier for low-ability individuals. In the context 

of teacher evaluation reforms, the reduction in perceived job security or the stress associated 

with high-stakes teacher evaluation may be lower for higher-ability individuals. When costs vary 

with ability, the individual indifferent between a career in teaching and the alternative occupation 

is now characterized by the implicit function:  

𝐹(𝜈,𝐶,𝜌,𝜂𝑇,𝜇𝑇,𝜇𝐴)= 𝜇𝑇−𝜇𝐴−𝐶𝑔(𝜌,𝜈)−𝜈(1−𝜂𝑇)=0.
7  (1) 

Figure 2 illustrates the effect of an increase in the relative costs of teaching when costs 

vary with ability. Note that the concavity of 𝐹(𝜈,𝐶,𝜌,𝜂𝑇,𝜇𝑇,𝜇𝐴) with respect to 𝑣 implies there 

is both a high- and low-ability individual on the margin between teaching and the alternative 

                                                 

given by: 
𝜕Pr (𝑇)

𝜕𝐶
=−𝑓(𝑣𝑖)

1

(1−𝜂𝑇)
<0. Similarly, the change in 𝑣𝑖 due to a change in costs is given by: 

𝜕𝑣𝑖

𝜕𝐶
=

−
1

(1−𝜂𝑇)
<0.   

5 See for example, Angrist and Guryan (2004) in the context of teacher certification and licensing provisions, 

Nagler, Piopiunik and West (2015) in the context of the effect of recessions on teacher quality, Zarkin (1985) in the 

context of the occupational choice of prospective teachers, Borjas (1987) in the context of immigrant earnings and 

Rothschild & Scheuer (2013) in the context of redistributive taxation. 
6 Examples of functional forms that satisfy these assumptions are  𝑔(𝜌,𝑣)=𝑒−𝜌𝑣 and  𝑔(𝜌,𝜈)=𝜌𝜈. 
7 Note that  lim

𝜈→−∞
𝐹(𝜈,𝐶,𝜌,𝜂𝑇,𝜇𝑇,𝜇𝐴)=−∞ and lim

𝜈→∞
𝐹(𝜈,𝐶,𝜌,𝜂𝑇,𝜇𝑇,𝜇𝐴)=−∞.  
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occupation. Denoting the marginal low- and high-ability individuals as 𝜈𝐿 𝑎𝑛𝑑 𝜈𝐻 respectively, 

the change in 𝜈𝑗∈(𝜈𝐿,𝜈𝐻) due to a change in the relative costs associated with teaching is: 

𝜕𝜈𝑗

𝜕𝐶
=

𝑔(𝜌,𝜈𝑗)

−𝐶𝑔𝜈𝑗−(1−𝜂𝑇)
.        (2) 

Because the numerator of (2) is strictly positive, the sign of (2) depends on the sign of the 

denominator, which is the slope of the implicit function given by (1) evaluated at the roots, 𝜈𝑗.  

Consequently, it follows that,  
𝜕𝜈𝐿

𝜕𝐶
>0 and 

𝜕𝜈𝐻

𝜕𝐶
<0, causing 𝜈𝐿 to shift right to 𝜈𝐿

′ and 𝜈𝐻 to shift 

left to 𝜈𝐻
′. As a result, both the share of high- and low-ability individuals that choose teaching as 

a career decline. This leads to the same unambiguous reduction in the supply of prospective 

teachers as the simple Roy model, but an ambiguous change (rather than an unambiguous 

decline) in teacher quality.8 Note that our model also predicts that 𝜈𝐿 shifts to the right by more 

than 𝜈𝐻 shift to the left. Intuitively, because costs decline with ability, costs rise more for the 

marginal low-ability individual than for the marginal high-ability individual. Nevertheless, the 

net effect of these changes on teacher quality remains ambiguous since it depends on the density 

of individuals close to the marginal low- and high-ability teacher.  

Of course, this model abstracts from a number of important aspects of teacher labor 

markets, perhaps most importantly teacher labor demand. It also implicitly assumes that all 

individuals that choose a career in teaching can find a job as a teacher. In empirical work that 

follows, we directly examine whether changes in demand for teachers is a likely mechanism for 

the effects we find on new teacher labor supply and quality.  

 

                                                 
8 More formally, the share of individuals that choose a career in teaching is given by Pr(𝑇)=∫ 𝑓(𝜈)𝑑𝜈

𝜈𝐻
𝜈𝐿

 and the 

effect of an increase in the relative costs associated with teaching on the supply of prospective teachers is: 
𝜕Pr (𝑇)

𝜕𝐶
=

𝜕𝜈𝐻

𝜕𝐶
𝑓(𝜈𝐻)−

𝜕𝜈𝐿

𝜕𝐶
𝑓(𝜈𝐿)<0. 
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 IV. Data 

We conduct our analyses using an original state-by-year panel from 2002 through 2016 

that combines measures from a range of datasets maintained by the U.S. Department of 

Education, the Bureau of Labor Statistics (BLS), the U.S. Census Bureau, and the National 

Center for Education Statistics (NCES). We complement these data with repeated waves of the 

Schools and Staffing Survey (SASS) and the National Teacher and Principal Survey (NTPS). 

The SASS and NTPS are nationally representative surveys of U.S. schools and teachers 

conducted by NCES every four years. Critical for our analyses, NCES has maintained a large set 

of consistent items across administrations on both the Teacher Questionnaire and the School 

Questionnaire. We use data from the 2003-04, 2007-08, and 2011-12 SASS and 2015-16 NTPS 

to construct a four-period panel dataset covering the relevant period for evaluation reforms.   

Evaluation Reforms: We draw upon two systematic reviews of teacher evaluation reforms 

to code the timing of evaluation implementation across states (Steinberg and Donaldson 2016; 

National Council on Teacher Quality 2016). Implement Evaluation is coded as one in the fall of 

the academic year in which districts across the state first fully implemented a redesigned teacher 

evaluation system. Figure 3 displays the distribution of evaluation implementation across states 

over time. This tractable approach, however, does not capture important differences in system 

design features. For example, state evaluation systems weight test-based measures of student 

performance differently, ranging from 0 to 50 percent. Approximately half of the states also 

phased in requirements to use test-score based measures across several years following statewide 

implementation of the evaluation system. Some states also delayed the use of evaluation scores 

to inform high-stakes personnel decisions until after initial statewide implementation. We 
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conduct several tests examining the effects of these system design features and discuss the 

implications of these staggered implementation patterns in more detail below.  

Teacher Supply: Ideally, we would measure the supply of new teachers as the total 

number of candidates that applied for K-12 public school teaching positions for the first time. 

Although such a measure is unavailable at the national level, data collected by the U.S. 

Department of Education (ED) on the number of initial teacher licenses granted by states each 

year serves as an advantageous proxy. These federal data collected under Title II requirements 

reflect all new teachers eligible to work in publicly-funded schools (traditional or charter), 

regardless of certification pathway or licensure type, and link each teacher to their state of 

intended employment. 

The range of licenses include professional certifications granted to graduates of 

traditional preparation programs, initial certifications granted to graduates of alternative pathway 

programs, and temporary teaching licenses such as emergency, probationary, or intern teaching 

credentials. Teachers who enter the profession via alternative pathways such as Teach for 

America are required to have some type of temporary license to teach while they complete the 

requirements necessary to obtain a provisional teaching license. This measure is also largely 

robust to the rapid expansion of the charter school sector during our panel period. The vast 

majority of states require teachers who work in charter schools to obtain a state license.9 

Although licensure reciprocity agreements exist between some states, individuals seeking to 

teach in a new state must still acquire a state-specific initial teaching license and will be included 

                                                 
9 Of the 42 states with charter school laws in 2016, 28 states required that teachers obtain state licenses, while 11 

states required the majority the teachers to be licensed (~ 50 to 75 percent of teachers). Only three states (Arizona, 

Alabama [which only allowed charters in 2015], and Louisiana) had no licensure requirement for charter school 

teachers (Education Commission on the States 2016). 
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in our data.10 Figure 4 plots national trends in the supply of new teachers as measured by 

licenses. The relative supply increased from 2002 to 2007 and then declined sharply during the 

Great Recession. Relative to pre-recession levels in 2007, the number of new teaching licenses 

issued nationally has declined by 23.4 percent.  

State-level Controls: In our preferred models, we include a parsimonious set of plausibly 

exogenous control variables to capture state-specific economic conditions and population 

characteristics. Controls for economic conditions include annual unemployment rates, real 

average hourly wages in the private sector, and real state tax revenue per capita.  Controls for 

population characteristics include the percentage of 5-to-17-year olds that are Black, Hispanic, or 

White as well as living in families at or below the federal poverty line.11  

School Hiring: We leverage data from the SASS / NTPS School Questionnaire to 

construct two measures related to schools’ experiences filling vacant teaching positions. Schools 

report on the difficulty of filling vacancies across a range of teaching fields on a four-point 

Likert scale (Easy, Somewhat Difficult, Very Difficult, Could not Fill the Vacancy). We pool 

responses across 12 subject areas and construct a binary measure of whether there were any 

unfilled vacancies at the time the survey was completed (typically in October). This measure of 

schools’ ability to find qualified candidates complements our analyses of teacher supply and 

quality. It provides a direct measure of supply, in terms of applicant volume, and potentially 

captures a gradient of teacher quality to the degree that schools screen candidates based on some 

minimum threshold.  

                                                 
10 Evidence suggests that despite reciprocity agreements, costs associated with transferring licensure are quite high 

(Barnum 2017; Sindelar et al. 2007).  
11 We constructed data on average hourly wages in the private sector using annual data from the Current Population 

Survey. Data on state unemployment rates are from the BLS. Poverty and racial/ethnic data for the percentage of 5-

to-17 year olds and state tax revenue data come from the U.S. Census Bureau. We link school data to our panel 

using the spring year of the academic year (e.g. 2015 for AY 2014-15). Hourly wages are deflated to real 2014 

dollars using the consumer price index. 
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Figure 5 plots national trends in the proportion of schools with a least one unfilled 

teaching position. Nationally, prior to the Great Recession, approximately 4 percent of schools 

had at least one unfilled teaching vacancy. In 2011, the proportion of unfilled teaching vacancies 

dropped by half to 2.0 percent but then rose swiftly to 7.1 percent by 2015, easily surpassing pre-

recession averages.  

Teacher Quality: The SASS / NTPS Teacher Questionnaire captures information on the 

institutions where teachers attended college as well as the type of licensure they hold. These data 

allow us to merge Barron’s rankings of the selectivity of each institutions’ admissions process in 

2014 as a proxy measure for teacher quality.12 Barron’s rank is measured on a six-point scale 

ranging from Non-Competitive to Most Competitive.13 Research has documented the positive, 

albeit weak, relationship between Barron’s rankings and teacher outcomes including pedagogical 

content knowledge tests, hiring interviews, and lesson demonstrations (Jacob et al. 2016), 

performance evaluations (Rockoff et al. 2011; Jacob et al. 2016), and value-added to student 

achievement (Clotfelter, Ladd, and Vigdor 2006; Boyd et al. 2008). At the same time, other 

studies find no significant relationship between undergraduate selectivity and teachers’ 

contributions to student achievement, conditional on a large set of time-varying teacher 

characteristics (Clotfelter, Ladd, and Vigdor 2007; Chingos and Peterson, 2011).  

Both our conceptual model and exploratory analyses suggest the effects of evaluation 

reforms on new teacher quality are likely to be heterogeneous and non-monotonic. Thus, we 

apply a flexible, non-parametric approach for examining effects on Barron’s rank using a 

                                                 
12 We merge on Barron’s Rankings from earlier years (2008 and 2004) to improve our match rate from 90.3 to 90.8 

percent.  We find no evidence that the probability a new teacher attended an unranked undergraduate institution is 

affected by teacher evaluation reforms.  
13 We include institutions in the Special category as Non-Competitive as they are largely trade schools.  
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mutually exclusive set of indicators for each of the ranking categories.14 We also construct a 

simple binary measure which takes a value of one for teachers that attended undergraduate 

institutions ranked in the top four categories of Competitive or higher.  

We construct a third measure of teacher quality based on teachers’ certification type. 

Previous research has found that compared to traditionally certified teachers, teachers with 

emergency or temporary licenses are less effective at raising student achievement, improve less 

as they gain experience on the job, and are more likely to leave the profession (Boyd et al. 2006; 

Clotfelter, Ladd, and Vigdor 2007; Clotfelter, Ladd, and Vigdor 2010). We code this indicator as 

taking a value of one if a teacher reported holding a “certificate issued to persons who must 

complete a certification program in order to continue teaching (often called a waiver or 

emergency certificate)” or if they do not hold a teaching certificate of any type.  

School-level Controls: Across all analyses using data from the SASS / NTPS, we pair our 

set of time-varying state-level controls with controls for school characteristics to account for any 

random variation in the composition of sampled schools in each wave of the data. These controls 

include the percent of students that are Black or Hispanic, eligible for free- or reduced-price 

lunch, and receive services as part of an Individualized Education Plan (IEP) as well as school 

size, urbanity, and grade level. Table 1 provides the means and standard deviations of the 

primary variables used in our analysis which are useful for scaling the magnitude of our 

estimates.  

 

V. Empirical Framework 

                                                 
14 In supplemental analyses, we find that a likelihood ratio test confirms that the proportional odds assumption from 

an ordered logistic regression is violated. Predicted probability estimates from a partial proportional odds model are 

quite similar to those reported below.   
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We estimate the effects of teacher evaluation reforms on the decision of individuals to 

enter the teacher labor market using a difference-in-differences framework. Our identification 

strategy compares changes within treated states over time to other non-treated states in the same 

geographic regions. Importantly, the differential timing of accountability reforms across treated 

states allows us to remove any regional trends in teacher labor supply and demand that might 

confound our estimates.  

We begin with a non-parametric event-study specification. This approach allows us to 

model any anticipatory effects or time-varying treatment effects in a fully flexible way:15  

𝑌𝑠𝑡=∑ 1(𝑡=𝑡𝑠
∗ +𝑟)𝛽𝑟

3
𝑟=−7 +𝑋𝑠𝑡𝜃+𝜋𝑠+𝛾𝑔𝑡+𝜀𝑠𝑡,     (3) 

where 𝑌𝑠𝑡 is an outcome of interest for state s in year t, 𝑋𝑠𝑡 is a vector of time-varying state 

covariates, 𝜋𝑠 and 𝛾𝑔𝑡 are state and region-by-year fixed effects, respectively, that account for 

fixed differences in teacher labor markets across states and regional labor market shocks across 

time, and 𝜀𝑠𝑡 is a random disturbance term.16 The term 1(𝑡=𝑡𝑠
∗ +𝑟) represents a set of 

indicators for the years pre- and post-policy reform, with 𝑡𝑠
∗ denoting the year in which state s 

implemented an evaluation reform. 

The coefficients of primary interest in (3) are the 𝛽𝑟’s, which represent the effect 

evaluation reforms on our outcomes of interest r years before or after a reform. We measure 

these effects relative to the year just prior to a reform (r = -1), which is the omitted category. 

Furthermore, we censor r at -7 and 3 so that 𝛽−7 and 𝛽3 represent the average effect of reforms 

                                                 
15 For example, the full effect of evaluation reforms on teacher labor may not be immediate given prospective 

teachers make decisions about enrolling in educator preparation programs at least one year before entering the 

profession. Similarly, a number of states phased in system design features and requirements to use evaluation scores 

to inform high-stakes personnel decisions.  
16 We specify 𝛾𝑔𝑡 using the eight U.S. regions identified by the Bureau of Economic Analysis.  
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on our outcomes of interest 7 or more years prior to a reform and 3 or more year after a reform, 

respectively.  

We complement the event-study specification with a standard difference-in-differences 

(DD) model to increase our precision by pooling estimates across post-reform years: 

𝑌𝑠𝑡=1(𝑡≥𝑡𝑠
∗)𝛽1+𝑋𝑠𝑡𝜃+𝜋𝑠+𝛾𝑡𝑔+𝜇𝑠𝑡,      (4) 

where, 1(𝑡≥𝑡𝑠
∗) represents an indicator variable that equals unity in all years post-policy 

adoption, 𝜇𝑠𝑡 is a random disturbance term and all other variables are as defined in (3). The 

coefficient of primary interest in (4) is 𝛽1, which is the difference-in-differences estimate of the 

effect of a given policy reform averaged across the post-period years in our panel.17  

Finally, we relax the assumption of time-invariant treatment effects imposed by the 

standard DD model in (4) to more formally test for any incremental effects and differential pre-

trends in outcomes (Goodman-Bacon 2018). Specifically, we follow LaFortune, Rothstein, and 

Schanzenbach (2018) and add two linear time trends as follows: 

𝑌𝑠𝑡= 1(𝑡≥𝑡𝑠
∗)𝛽1+1(𝑡≥𝑡𝑠

∗)(𝑡−𝑡𝑠
∗)𝛽2+(𝑡−𝑡𝑠

∗)𝛽3+𝑋𝑠𝑡𝜃+𝜋𝑠+𝛾𝑡𝑔+𝜐𝑠𝑡,    (5) 

where, (𝑡−𝑡𝑠
∗) is a linear trend centered around the year a state implemented an evaluation 

reform, 𝜐𝑠𝑡 is a random disturbance term and all other variables are as defined in (4). The 

interaction term in (5), 1(𝑡≥𝑡𝑠
∗)(𝑡−𝑡𝑠

∗) allows for the relative time trends among treated states 

to differ pre- and post-reform. The coefficient on the main effect of treatment, 𝛽1, captures the 

immediate response of the policy change on our outcome of interest, while the coefficient on the 

interaction term, 𝛽2, captures any deviation from the linear trend in labor supply in the post-

                                                 
17 Goodman-Bacon (2018) demonstrates that, 𝛽1, is a weighted average of treatment effects across all treated states 

that is biased in the presence of time-varying treatment effects. He notes that this does not invalidate the DD 

research design, but that it argues for the importance of presenting both standard DD estimates as well as estimates 

from models that allow for time-varying treatment effects such as our event study (equation 3) and linear DD model 

(equation 5).  
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reform period among treated states. The coefficient associated with the relative year term, 𝛽3, 

tests for any differential linear trends in the pre-reform period among states that adopted teacher 

accountability reforms relative to those that did not. We report standard errors clustered at the 

state level in all the tables presented below. 

We account for differences in the size of state labor markets by scaling our measure of 

new teacher labor supply per 10,000 individuals aged 18-to-65 in a given state and year.18 This 

approach follows directly from our conceptual model where supply is relative to the size of the 

working-age pool of potential new entrants in the teaching profession. When the outcome of 

interest is this scaled measure of new teacher labor supply, we also weight our models by the 

number of individuals aged 18-to-65 per 10,000.19 We apply the appropriate SASS/NTPS 

probability sampling weights for our analyses of school hiring and teacher quality outcomes. 

These approaches allow us to recover nationally representative estimates of the effect of teacher 

evaluation reforms, serve to improve our precision, and account for the endogenous sampling 

framework used in the SASS/NTPS (Solon, Haider, and Wooldridge 2015). In Appendix Table 

A1, we show that our results are consistent across a range of alternative specifications including 

different scaling and weighting factors, unweighted models, and logging rather than scaling new 

teacher labor supply.  

Our overall DD analytic framework relies on two key assumptions: 1) that comparison 

states provide a valid counterfactual for the trends in treated states, and 2) that there are no 

unobserved factors that are correlated with both our outcomes of interest and the timing of 

                                                 
18 Nationally representative data from the NTPS show the while the age of novice teachers is concentrated among 

individuals in their 20s and early 30s, novice teachers are spread across this full range of working-age individuals. 

Nevertheless, in Appendix Table A1 we show that our results are robust when we instead scale by the number of 22-

25 year olds per 1,000. 
19 Weighting serves to increase the precision of our estimates because the number of licensures granted varies 

considerable within states over time (ICC=0.35).  
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teacher evaluation reforms across states. We test the first assumption by examining pre-trends 

using our non-parametric event study specifications and then formally testing for differential 

linear pre-trends in our DD model. To examine the validity of the second assumption, we run a 

series of auxiliary regressions where we test for potential alternative explanations including a 

diverse range of time-varying state-specific measures for new teacher labor demand and 

changing economic conditions. It is reassuring that these auxiliary regressions present little 

evidence that accountability reforms affected the demand for new teachers or coincided with 

broader negative economic shocks that decreased labor demand across entire state labor markets. 

Secondly, we construct measures of a large set of state educational reforms that were adopted 

during the period we study and include them as a supplemental set of control variables. Our main 

results are robust to the inclusion of controls for these concurrent policy reforms. 

 

VI. Results  

A. Effects on New Teacher Supply 

 We begin with estimates from our event-study model with covariates shown in Figure 6 

and reported in column 2 of Appendix Table A2. The parameter estimates with associated 95 

percent confidence intervals for the years pre-reform (hollow dot) and post-reform (solid dot) are 

strongly suggestive of a negative effect of evaluation reforms on the supply of new teachers. 

Consistent with our model predictions, the number of teacher licenses granted declines steadily 

starting the year in which high-stakes evaluation reforms are implemented statewide. These 

individual point estimates become statistically significant in the second year and suggest that the 

effects of the reform increase over time.20 Importantly, there is little evidence that the supply of 

                                                 
20 Part of this pattern may also be explained by a delayed effect among undergraduates who make decisions to major 

in education three to four years before entering the labor market. Data from the Integrated Postsecondary Education 
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new teachers was trending downward prior to the implementation of evaluation reforms: the 

estimated coefficients on the pre-treatment indicators tend to be small in magnitude and 

statistically insignificant. The one exception is the positive coefficient on the pre-treatment 

indicator for two years prior to the implementation of reforms, which is the opposite sign as the 

post-treatment indicators.  

 Results from our standard DD model confirm the effect of high-stakes evaluation 

reforms. In Table 2, we estimate that high-stakes evaluation reforms reduced licenses granted in 

a state by 2.69 per 10,000 18-to-65-year olds, on average, in our baseline specification without 

controls. This represents an 18 percent reduction in the average number of licenses granted in the 

post-policy reform years among treated states, relative to the average number of licenses granted 

by states across our panel. These estimates are quite robust to the inclusion of state-specific 

economic conditions and population characteristics, changing from an 18 percent reduction to a 

16 percent reduction. 

 Estimates based on our parametric DD specification that includes linear trends also 

confirm the patterns suggested by our event-study analyses. Focusing on estimates from our 

preferred model that includes controls in column 4 of Table 2, we find an initial negative shock 

to new teacher supply, as well as a significant downward linear trend in supply among treated 

states in the post-policy reform years of -1.44 licenses per 10,000 18-to-65-year olds. Consistent 

with the visual evidence in the event study, we also fail to reject the null hypothesis of no 

differential pre-reform trends for states that adopted evaluation reforms: the coefficient on the 

pre-period trend variable (Trend) is both small in magnitude (0.26) and statistically insignificant. 

We again see that adding our set of time-varying controls has little effect on the estimates. 

                                                 
Data System (IPEDS) suggest that approximately half of all teacher candidates graduate from undergraduate teacher 

preparation programs.  
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B. Effects on Teacher Hiring 

We next examine whether, in addition to reducing new teacher labor supply, evaluation 

reforms also made the process of filling teaching vacancies more challenging for schools. We 

present results from our event-study specification in Figure 7 (and Appendix Table A2). 

Although the individual point estimates depicted in Figure 7 rely on unbalanced samples across 

years given the four-year gaps between each SASS/NPTS, their patterns clearly suggest that 

evaluation reforms increased the difficulty of filling vacant positions.   

In column 2 of Table 3, we estimate that evaluation reforms increased the probability a 

school had at least one unfilled vacancy by 2.8 percentage points in our preferred model that 

includes both state-level and school-level controls. Our linear DD estimates suggest these effects 

were both immediate and increased over time, with a positive and statistically significant post-

reform trend of 0.007 SD in our preferred specification. While there is some evidence of a small 

positive and statistically significant pre-trend in the probability of unfilled vacancies (0.002 SD), 

it is reassuring that even when allowing for this pre-trend we continue to find effects of similar 

magnitude in our linear DD model as in our standard DD model.  

In Table 4, we extend the specifications reported in Table 3 to test for heterogeneous 

effects of evaluation reforms by several proxy measures for hard-to-staff schools. Specifically, 

we present results from a set of standard DD models where we interact the evaluation reform 

indicator (Implement Evaluation) with: 1) an indicator for whether the school is located in an 

urban area; 2) the percent on free-and-reduced-price lunch (FRPL) students; 3) the percent of 

students who are Black and Hispanic; and 4) the percent of students with an individualized 

education plan (IEP) all measured at the school level. We find consistent and statistically 

significant evidence across all four measures that evaluation reforms had a differentially large 
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impact on the ability of hard-to-staff schools to fill vacant teaching positions. We estimate, for 

instance, that non-urban schools experienced a 2.2 percentage point increase in the probability of 

having at least one unfilled teaching position, while the effect of evaluation reforms on urban 

schools was more than double this at 4.6 percentage points. As shown in Figure 8, similar 

patterns exist for schools with higher percentages of students that are eligible for FLPR, that are 

Black and Hispanic, and that have IEPs, all of which are scaled so that a one-unit change is a ten 

percentage point change.  

C. Effects on New Teacher Quality 

How did teacher evaluation reforms affect the quality of newly hired novice teachers in 

public schools? Recall that our theoretical model predicts that evaluation reforms may reduce 

both the number of low- and high-ability individuals that choose to teach, making the effect of 

evaluation reforms on teacher quality ambiguous. Given this potential heterogeneous and non-

monotonic effect, we begin by estimating the effect of evaluation reforms across the range of 

teacher quality. In Figure 9 and Appendix Table A3, we present results from our standard DD 

model with state-level and school-level controls where our outcomes are a set of indicators 

capturing whether a teacher attended an undergraduate institution of a given rank. Although our 

individual point estimates lack precision, the pattern of results across the rankings is strongly 

suggestive of a rightward shift in the quality of the marginal low-quality teacher, with little 

change in the quality of the marginal high-quality teacher. These findings are consistent with our 

model of occupational choice where costs vary by ability. They suggest that evaluation reforms 

shifted the supply of new teachers upward along the quality distribution by primarily reducing 

the probability that a teacher graduated from Non-Competitive or Less-Competitive institutions 
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and increasing the probability they graduated from Competitive or Very-Competitive 

institutions.  

To increase precision, we collapse the six categories of undergraduate selectivity into a 

binary indicator that takes the value of one if a teacher attended an undergraduate institution 

ranked Competitive or higher. In our preferred model in Table 5 Panel A, we find that evaluation 

reforms increased the probability a teacher graduated from an undergraduate institution ranked 

Competitive or higher by 7.2 percentage points. Estimates from linear DD models suggest these 

impacts were largely immediate and continued to increase in the post-reform years. In Panel B of 

Table 5 we present estimates of the effect of evaluation reforms on the probability that newly 

hired novice teachers held an emergency certification. Here we find small and statistically 

insignificant estimates of the effect of evaluation reforms across both standard and linear DD 

models suggesting that the reforms had little effect on the number of new teachers who lacked 

more formal state licenses.21  

D. Mechanisms 

Theory and prior empirical evidence suggest that increases in the relative costs of 

teaching due to the implementation of evaluation reforms are a likely mechanism behind our core 

findings regarding the supply and quality of new teachers. To examine this possibility, we 

leverage a rich set of self-report survey questions across SASS/NTPS administrations to explore 

the ways in which evaluation reforms might have increased the relative cost of entering the 

teaching profession. These measures include new teachers’ responses on a 4-point Likert scale 

                                                 
21 We further test for heterogeneous effects of evaluation reforms on new teacher quality by school characteristics 

and find no evidence that effects differed across urban and non-urban schools or by the percentage of students in a 

school that are eligible for FRPL, that are Black and Hispanic, and that have IEPs. Results are available upon 

request.  
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from “Strongly Disagree” to “Strongly Agree” to statements about job security, job satisfaction, 

and cooperative effort among teachers. We complement these three measures with new teachers’ 

responses on a 4-point Likert scale from “No Control” to “A Great Deal of Control” about how 

much control they have in their classrooms over: selecting textbook and other instructional 

materials; selecting content, topics, and skills to be taught; and selecting teaching techniques. 

We find consistent evidence that evaluation reforms increased the perceived costs of 

teaching among new entrants into the profession. Figure 10 displays predicted marginal effects at 

the means from ordered logistic regressions based on our standard DD specification with state-

level and school-level controls (see Appendix Table A4 for results from underlying ordered 

logistic regression models). We find that evaluation reforms increased the number of teachers 

who “Agree” and “Strongly Agree” that they worry about job security by 9.8 and 7.3 percentage 

points, respectively. Evaluation also resulted in a 14.0 percentage point drop in the likelihood 

teachers “Strongly Agree” that they are satisfied with being a teacher. Similarly, we find a 9.4 

percentage point drop in the proportion of teachers who “Strongly Agree” that there exists a 

great deal of cooperative effort among teachers.  

Evaluation reforms also appear to have reduced teacher control over the content and 

skills they teach and the pedagogical techniques they use in the classroom. We find marginally 

significant decreases in the probability that new teachers “Agree” and “Strongly Agree” that they 

have control over the content and skills they teach over their teaching techniques. We find no 

effects on teachers’ perceptions about their control over selecting instructional materials. 

Together, these analyses suggest that evaluation reforms substantially decreased new teachers’ 

perceived job security, job satisfaction, cooperative effort, and control over content and teaching 

methods. 
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VII.  Robustness Tests 

One concern with the DD estimates presented thus far is that unobserved factors that vary 

contemporaneously with the implementation of evaluation reforms across states could bias our 

results. We examine this potential threat by testing for an effect of evaluation reforms on a range 

of measures that are plausibly related to the supply and quality of new teachers.   

A. Teacher Labor Demand 

Contemporaneous shocks to teacher demand could cause prospective teachers to update 

their expectations about job prospects and lifetime earnings in the teaching sector, causing some 

to choose not to teach. Furthermore, as noted by Nagler et al. (2015), changes in the demand for 

teachers that coincide with accountability reforms could also affect the quality of new teachers 

under two conditions: 1) school administrators can effectively screen potential applicants and 

only hire the highest quality ones and 2) the number of teachers positions available following the 

adoption of accountability reforms is smaller than before the reforms. If both of these conditions 

were to hold the quality of new teachers would increase, providing an alternative explanation for 

the increase in teacher quality that we observe.  

Testing for exogenous shocks to teacher labor demand is challenging for two reasons: 1) 

a measure of demand that is independent of supply, such as the number of open positions posted, 

is not available at the national level, and 2) it is possible evaluation reforms may have affected 

demand through effects on teacher turnover and retirement rates. Our approach is to test for 

evidence of large demand shocks caused by, or concurrent with, teacher evaluation reforms that 

might account for the effects we find on teacher supply and quality. We begin with an intuitive 

but endogenous measure of demand – the number of new public school teachers hired. We then 
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test for effects on proxies of teacher demand that suffer from endogeneity to a lesser degree: 

public and private school enrollment, and pupil-teacher ratios.22 

We present event studies without controls using measures of teacher labor demand as 

outcomes in Appendix B and corresponding estimates from standard DD models in Panel A of 

Table 6. Results from event studies and auxiliary regressions provide evidence that our results 

are not the product of state-specific negative shocks to teacher labor demand. While changes in 

the supply of prospective teachers’ nationally (see Figure 4) may be explained in part by changes 

in teacher labor demand, event studies show no discernable effects of evaluation on labor 

demand. Formal estimates shown in Table 6 provide further evidence that our results are not 

driven by demand shocks in the public teacher labor market that were concurrent with the timing 

evaluation reforms across states. They also confirm that our results are not the product of a large 

differential move of teachers or students to the private school sector in treated states.23 Given the 

possible presence of a pre-trend in log public-school enrollment, we also report results in 

Appendix Table A1 where we control for these four measures of labor demand to our preferred 

model.  It is reassuring that our results are quite robust to the inclusion of these endogenous 

controls, changing from an estimated 16 percent declined in new teacher supply to a 15 percent 

decline. We also easily reject the presence of any pre-trend in the number of new licensures in 

our linear DD model augmented with endogenous controls.  

B. Changes in the Broader Economy 

Another potential concern is that evaluation reforms coincided with broader negative 

economic shocks that decreased labor demand across entire state labor markets. To examine this 

                                                 
22 These measures still suffer from potential endogeneity if parents’ decisions to enroll their students in public 

schools, or districts’ class-size policies, were influenced by evaluation reforms. 
23 This result is also consistent with the fact that there was a 16 percent decline in private school teacher workforce 

from 2002 to 2016. 
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possibility, we first conduct a falsification test in which we estimate the effect of evaluation 

reforms on prospective entrants into a private sector industry that also requires state certification: 

accounting. Specifically, we estimate models identical to those reported in column 1 of Table 2 

except we replace our measure of the supply of prospective teachers with the number of 

individuals who take the Certified Public Accountant (CPA) exam for the first time in a given 

state and year.24 We extend this logic by examining the effect of evaluation reforms on the three 

economic measures we include in our set of state-level controls: annual unemployment rates, real 

average hourly wages in the private sector, and real state tax revenue per capita.  

As shown in Appendix B, event studies for CPS exam takers, private hourly wages, and 

state tax revenue per capita depict no discernable effects. Unemployment rates appear to be 

decreasing prior to the reforms and then increasing post-reform, but none of the individual point 

estimates are significant. Estimates from the standard DD model in Panel B of Table 6 are 

insignificant and smaller than 1 percent of the state means for all four measures strongly 

suggesting that our findings are not driven by broader economic trends. Again, it is reassuring 

that our estimates are not sensitive when we include unemployment rates in the set of preferred 

state controls.  

C. Overlapping Education Policy Reforms 

Evaluation reforms were not the only education policy reform states implemented during 

this time period. In several instances, state legislatures packaged multiple education reform 

initiatives into a single bill or legislative session. We have identified and collected data on seven 

                                                 
24 These state-by-year cohorts counts are collected by the National Association of State Boards of Accountancy 

(NASBA) in partnership with The American Institute of Certified Public Accountants (AICPA). All candidates who 

begin the CPA examination process (begin any one of the four sub-exams) in the same calendar year are members of 

a state-year cohort. Requirements for CPA candidates are similar to those for teaching candidates – while all CPA 

candidates are required to have at least a bachelor’s degree and complete a set number of accounting courses, the 

CPA examination/licensure requirements vary from state-to-state. 
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additional education reforms to examine whether our core results regarding the supply and 

quality of new teachers are confounded by these overlapping policy reforms. Major education 

reforms occurring during our panel include tenure reforms, winning a RTTT grant, expanding 

alternative certification, implementing Common Core State Standards (CCSS), requiring new 

licensure exams, collective bargaining reforms, and pension reforms. We describe our data 

sources and coding procedures in Appendix C and provide a complete list of education reform 

dates for each state in Appendix Table C1. 

Many of these reforms occurred both before and during the period of evaluation reform 

implementation (2011-2016). Six states enacted laws that effectively eliminated the ability of 

new teachers to earn tenure, which provides considerable job security to teachers after just 

several years of employment (1 in 2000 and 5 between 2011 and 2014).25 The Obama 

administration awarded RTTT grants to 18 states, all of which went on to implement evaluation 

reforms. Under Obama, the Department of Education also used the RTTT competition and state 

waivers to NCLB to further advance the expansion of alternative certification pathways and 

promote the adoption of Common Core State Standards (CCSS).26 Between 2002 and 2016, the 

total number of alternative certification programs doubled from 66 to 132. However, most of this 

expansion occurred before 2011; in 2010 there were 116 programs. Between 2011 to 2014, 43 

states adopted CCSS, although only 13 states implemented CCSS and evaluation reforms 

statewide in the same year.  

In addition, 16 states adopted basic skills licensure tests (7 between 2003-2008 and 9 

between 2012-2016), 13 states adopted pedagogical knowledge licensure tests (9 between 2003-

                                                 
25 In Georgia, HB1187 eliminated the ability for newly hired teachers after 2000 to earn tenure. This bill was later 

rescinded by SB193 in 2003. 
26 RTTT grants were relatively small. Across the four-year grant period, the average annual award totaled less than 

one percent of states’ education budgets.  
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2005 and 4 in 2015), and 20 states adopted content knowledge tests (14 between 2003-2008 and 

6 between 2015-2016). Six states restricted or eliminated mandatory collective bargaining for 

teachers (3 between 2003-2005 and 3 in 2011). Furthermore, thirty-two states increased the 

proportion of teachers’ salaries that were withheld to fund pension obligations at least once 

between 2002 and 2016.  

In Table 7, we present results from standard DD models with controls where we estimate 

the effect of evaluation reforms as well as these other education policy reforms both separately 

and simultaneously.27 Estimates of the effect of evaluation on new teacher labor supply, hiring, 

and teacher quality are strikingly robust to the inclusion of nine different indicators for additional 

education reforms. These findings provide compelling evidence that our estimates are not 

confounded with the effects of these other overlapping policy reforms.  

These analyses also shed light on areas of potential future research. In our joint models, 

our point estimate of the effect of eliminating tenure suggests an equally large negative impact 

on new teacher supply as the effect of evaluation reforms but is imprecisely estimated. We also 

find evidence from our joint models that winning RTTT decreased the likelihood schools had an 

unfilled vacancy and implementing Common Core standards increased the probability of an open 

teaching position. Finally, we see that the creation of an additional alternative certification 

program decreases the probability a new teacher graduated from an undergraduate institution 

with at least a competitive admissions process.  

 

VIII.   Extensions  

                                                 
27 As a further robustness check, we fit models controlling for the number of years of consecutive experience 

teachers must have to be eligible for tenure (probationary period) and find no difference in our estimates for 

evaluation reforms. We do not include this measure in Table 7 because it is undefined for states that have eliminated 

tenure. Results available on request. 
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A. Heterogeneous Effects Across State Systems 

We next explore potential heterogeneity in the effects of evaluation reforms on new 

teacher labor supply, hiring and quality. One possible source of heterogeneity is differences in 

the strength of state teacher unions, which strongly opposed changes to the evaluation system. In 

states with strong unions, lobbying could have resulted in weaker accountability or more limited 

implementation. A second important difference is the weight each state assigned to value-added 

scores or other measures of teacher performance based on state standardized tests. To examine 

these possibilities, we extend the specifications reported in Table 2 by adding interaction terms 

between the evaluation reform indicator and measures of union strength and the degree to which 

evaluation reforms incorporate test-based evaluation measures. We describe the specific 

measures we use in Appendix D and report our result in Appendix Table D1.  

We find little evidence that the effects of teacher evaluation reforms on new teacher labor 

supply, hiring or teacher quality were heterogeneous based on union strength or the weight 

assigned to test-based performance measures. The estimated coefficients on the additional 

interaction terms are generally small in magnitude and statistically insignificant in all but one 

specification. We do find one marginally significant result suggesting that the probability a 

school was unable to fill an open position was larger in states that apportioned greater weight to 

test-based measures of teacher performance. This result is consistent with our model predictions 

given that larger weights on test-based measures of teacher performance typically result in lower 

overall evaluation scores (Steinberg and Kraft 2017).  

B. Compensation 

The sizable negative consequences of evaluation reforms on the supply of new teachers 

are consistent with the evidence of increased occupational costs for new public-school teachers. 
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Given Rothstein’s (2015) simulations, they also suggest that districts did little to offset these 

increased costs with higher wages. We explore how wages changed for teachers affected by 

evaluation reforms by estimating the effect of evaluation reforms on two different measures of 

teacher wages. The first is real average public school teacher wages calculated using district 

reported total FTE instructional staff salaries collected by NCES. The second is average total real 

wages for public school teachers estimated using the 2005-2016 Public Use Microdata Sample 

(PUMS) of the American Community Survey (ACS), adjusted for age and educational 

attainment.28 This adjustment serves to account for differences in average wages caused by 

changes in the distribution of experience and educational attainment among public school 

teachers rather than changes in the underlying salary schedules.  

We find no evidence of any compensating differentials that might explain or offset the 

increased occupational costs in the teaching profession caused by teacher evaluation reforms. As 

shown in Appendix Table A5, estimates from our standard DD model with controls, weighted by 

the total number of FTE public school teachers in a state are both small in magnitude (less than 

$500 or 1 percent of average wages), negatively signed, and only marginally significant for 

adjusted wages.   

 

IX.  Conclusion  

 Education policy over the past decade has focused, in large part, on improving human 

capital in schools through teacher labor market reforms. Many of these policies have identified 

teacher accountability as a promising mechanism for raising teacher quality. These reform 

efforts, and the research base upon which they draw, have made strong assumptions about the 

                                                 
28 We do this by predicting state-by-year mean wages conditional on a quadratic function of age and fixed effects for 

highest degree earned.  
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potential consequences of evaluation reforms on the supply and quality of new teachers. Counter 

to most assumptions, our findings document how a package of teacher accountability reforms, 

centered on high-stakes evaluation systems, reduced the supply of new teaching candidates 

available to public schools. We find further evidence that suggests this decline in new teacher 

labor supply was caused by a perhaps predictable consequence of the reforms, an increase in the 

perceived costs of becoming a teacher.  

 Reductions in the supply of new teachers had direct consequences for schools and 

students. We show that teacher evaluation reforms increased the likelihood that schools had 

vacant teaching positions well after the start of the school year. This is particularly concerning 

given that unfilled vacancies were concentrated in hard-to-staff schools that often serve larger 

populations of low-income and minority students. Prior research has found that teachers hired 

after the start of the school year are substantially less effective at supporting student achievement 

growth than their counterparts who were hired on time, even in the same school, grade and year 

(Papay and Kraft 2016). Evaluation reforms allowed education systems to better examine the 

degree to which teacher quality was equitably distributed across schools, but may have also 

exacerbated the challenge of providing all students with equal access to high-quality teachers.   

 At the same time, we find that evaluation reforms increased the quality of newly hired 

novice teachers as judged by the selectivity of their undergraduate institutions. These effects are 

driven by a reduction in the number of teachers that graduated from the least selective 

institutions and an increase in the number of teachers that graduated from more selective 

institutions. However, we find no evidence that evaluation reforms served to attract teachers who 

attended the most selective undergraduate institutions.  
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 Together, these results also provide new evidence of the competitiveness of the teacher 

labor market. The loss of non-pecuniary benefits due to evaluation reforms was not offset by any 

compensatory changes in teacher salaries at a national scale. Very few districts implemented 

merit pay programs of any significance despite efforts by the federal government and private 

philanthropists to more directly link teacher evaluation and compensation (Buck and Green 

2011, Chiang et al. 2017). Consistent with Rothstein’s (2015) model-based predictions, the lack 

of meaningful offsetting increases in teacher base salaries or merit-based compensation caused a 

substantial fraction of would-be teachers to choose other professions or remain outside the labor 

market.  

Enrollment in K-12 public schools in the United States is projected to increase by over a 

million students in the next decade, an increase of 2 percent from current levels. Even with new 

personalized learning technologies, it is hard to imagine a future where demand for classroom 

teachers is not increasing given expanding enrollments and a labor force where 29 percent of 

teachers are over the age of 50 (NCES 2017). Understanding the consequences of education 

policy reforms on the supply and quality of new teachers will remain a key element of efforts to 

improve human capital in the education sector. This is particularly important for subject areas 

with teacher shortages, as well as for the pipeline of new teachers needed to work in hard-to-staff 

schools in urban and low-income settings. 
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Obs Mean Std. Dev. Date Range Data Source

State-level Measures

Teacher Licensures^ 750 14.97 5.80 2002-2016 Title II

Unemployment Rate 750 5.99 1.99 2002-2016 BLS

Average Hourly Wages in the Private Sector 750 27.57 3.50 2002-2016 CPS

Tax Revenue per Capita 750 2.82 1.01 2002-2016 Census 

Percent of 5-17 year olds that are Black 750 13.07 11.15 2002-2017 Census 

Percent of 5-17 year olds that are Hispanic 750 14.02 12.67 2002-2018 Census 

Percent of 5-17 year olds that are White 750 65.97 17.49 2002-2016 Census 

Percent of 5-17 year olds Below Poverty Line 750 16.89 4.98 2002-2016 Census 

Full-time Novice New Teacher Hires^ 200 6.94 3.05 2003, 2007, 2011, 2015 SASS/NTPS

Public School FTE Teaching Positions^ 750 166.87 23.79 2002-2016 NCES

Private School FTE Teaching Positions^ 400 18.52 7.33 2002-2016, biannually NCES

Log Public School Total Enrollment 750 13.30 1.02 2002-2016 NCES

Log Private School Total Enrollment 400 10.87 1.20 2002-2016, biannually NCES

Pupil Teacher Ratio 750 15.38 2.64 2002-2016 NCES

Certified Public Account Exam Takers^ 550 2.61 3.41 2006-2016 AICPA

Average Public Teacher Salary (NCES) 750 54999.32 8053.98 2002-2016 NCES

Adjusted Average Public Teacher Salary (ACS) 600 46625.20 6577.10 2005-2016 ACS

School Hiring Measures

At least one unfilled vacancy in a school 28,610 0.04 0.20 2003, 2007, 2011, 2015 SASS/NTPS

Difficulty of filling vacancy 22,000 0.00 1.00 2003, 2007, 2011, 2015 SASS/NTPS

Teacher Characteristics & Self-Reports

Worry About Job Security 6,460 2.30 0.99 2003, 2007, 2011, 2015 SASS/NTPS

Job Satisfaction 6,460 3.45 0.75 2003, 2007, 2011, 2015 SASS/NTPS

Teacher Cooperation 6,460 3.26 0.78 2003, 2007, 2011, 2015 SASS/NTPS

Control over Selecting Instructional Materials 6,460 2.44 1.05 2003, 2007, 2011, 2016 SASS/NTPS

Control over Content, Topics, Skills Taught 6,460 2.75 1.03 2003, 2007, 2011, 2017 SASS/NTPS

Control over Teaching Techniques 6,460 3.58 0.64 2003, 2007, 2011, 2018 SASS/NTPS

Competitive Undergraduate Institution or Higher 5,800 0.85 0.36 2003, 2007, 2011, 2016 SASS/NTPS

Non-Competitive Undergraduate Institution 5,800 0.03 0.18 2003, 2007, 2011, 2017 SASS/NTPS

Less Competitive Undergraduate Institution 5,800 0.12 0.32 2003, 2007, 2011, 2018 SASS/NTPS

Competitive Undergraduate Institution 5,800 0.45 0.50 2003, 2007, 2011, 2019 SASS/NTPS

Very Competitive Undergraduate Institution 5,800 0.26 0.44 2003, 2007, 2011, 2020 SASS/NTPS

Highly Competitive Undergraduate Institution 5,800 0.10 0.29 2003, 2007, 2011, 2021 SASS/NTPS

Most Competitive Undergraduate Institution 5,800 0.05 0.22 2003, 2007, 2011, 2022 SASS/NTPS

Emergency or Temporary Certification 5,800 0.16 0.36 2003, 2007, 2011, 2015 SASS/NTPS

Table 1: Descriptive Statistics

Notes: Teacher characteristics are weighted using appropriate probability weights from the SASS dataset. Per pupil expenditures, 

average hour wages in the private sector and state tax revenue per capita are reported in 2014 real dollars.  Missing values are 

imputed for Full-time Novice New Teacher Hires using linear interpolation. BLS = Bureau of Labor Statistics, CPS = Current 

Population Survey, NCES = National Center for Education Statistics, SASS = Schools and Staffing Survey, NTPS = National 

Teacher and Principal Survey, AICPA - American Institute of Certified Public Accountants, ACS = American Community Survey. 

^ scaled per 10,000 18-65 year olds
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Table 2: The Effect of Teacher Evaluation Reforms on the Number of New Teaching Licenses 

  (1) (2) (3) (4) 

Implement Evaluation -2.686** -2.400** -2.369** -2.152* 

  (0.835) (0.845) (0.821) (0.869) 

Implement Evaluation * Trend     -1.308* -1.443* 

      (0.527) (0.562) 

Trend     0.231 0.258 

      (0.212) (0.204) 

% change relative to state mean -18% -16%     

State Controls No Yes No Yes 

n  750 750 750 750 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the 

state level in parentheses. Time-varying state-level controls include real average hourly wages in the private 

sector, unemployment rates, real state tax revenue per capita, the fraction of the population ages 5 to 17 that are 

White, Black, Hispanic, and living below the federal poverty line. All models include state and region-by-year 

fixed effects. All models are weighted by the number of 18-65 year olds per 10,000 in a state. 
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Table 3: The Effect of Teacher Evaluation Reforms on Teacher Vacancies 

  
At least one unfilled vacancy in a school 

  (1) (2) (3) (4) 

Implement Evaluation 0.032** 0.028** 0.021* 0.018* 

  (0.009) (0.009) (0.009) (0.008) 

Implement Evaluation * Trend     0.008** 0.007* 

      (0.003) (0.003) 

Trend     0.002 0.002* 

      (0.001) (0.001) 

School Controls No Yes No Yes 

State Controls No Yes No Yes 

n  28,610 28,610 28,610 28,610 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the 

state level in parentheses. Time-varying state-level controls are the same as those listed in Table 2. School-level 

controls include the percent of students that are Black and Hispanic, eligible for free- or reduced-price lunch, and 

receive services as part of an Individualized Education Plan (IEP) as well as school size, urbanity, and grade 

level. All models include state and region-by-year fixed effects. 
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Table 4: Differential Effects of Teacher Evaluation Reforms on Unfilled Teacher Vacancies 

  (1) (2) (5) (6) (9) (10) (11) (12) 

Implement Evaluation (Eval) 0.026** 0.022* 0.018* 0.012 0.019+ 0.013 0.022* 0.018* 

  (0.008) (0.009) (0.009) (0.009) (0.009) (0.009) (0.010) (0.009) 

Urban 0.019** 0.005             

  (0.006) (0.006)             

Eval * Urban 0.023+ 0.024+             

  (0.013) (0.014)             

Percent FRPL      0.003*** 0.001+         

      (0.001) (0.001)         

Eval * Percent FRPL      0.002+ 0.003*         

      (0.001) (0.001)         

Percent Black and Hispanic         0.005*** 0.003***     

          (0.001) (0.001)     

Eval * Percent Black and Hispanic         0.004* 0.005**     

          (0.002) (0.002)     

Percent IEP             0.001 -0.002 

              (0.001) (0.001) 

Eval * Percent IEP             0.007** 0.008** 

              (0.003) (0.003) 

School Controls No Yes No Yes No Yes No Yes 

State Controls No Yes No Yes No Yes No Yes 

n  28,610 28,610 28,610 28,610 28,610 28,610 28,610 28,610 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state level in parentheses. Percent FRPL, 

Black and Hispanic, and IEP measure are scaled so that a one-unit change is equivalent to a ten percentage point change. See Table 2 notes for a complete list 

of time-varying state-level controls and Table 3 notes for a complete list of school-level controls. FRPL = Free or Reduced Price Lunch, IEP = Individualized 

Education Plan.  
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Table 5: The Effect of High-Stakes Teacher Evaluation Reforms on New Teacher Qualifications 

  (1) (2) (3) (4) 

  Panel A. Competitive Undergraduate Institution or Higher 

Implement Evaluation 0.046 0.072* 0.032 0.066* 

  (0.029) (0.031) (0.028) (0.029) 

Implement Evaluation * Trend     0.022+ 0.021+ 

      (0.011) (0.012) 

Trend     -0.002 -0.004 

      (0.003) (0.003) 

n 5,800 5,800 5,800 5,800 

  Panel B. Emergency or No Certification 

Implement Evaluation -0.008 0.011 -0.009 -0.003 

  (0.030) (0.034) (0.031) (0.034) 

Implement Evaluation * Trend     -0.000 0.013 

      (0.009) (0.011) 

Trend     0.000 0.003 

      (0.003) (0.006) 

n  6460 6460 6460 6460 

School Controls No Yes No Yes 

State Controls No Yes No Yes 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the 

state level in parentheses. See Table 2 notes for a complete list of time-varying state-level controls and Table 3 

notes for a complete list of school-level controls. All models include state and region-by-year fixed effects. 
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Table 6: Auxiliary Regressions Examining the Effect of Teacher Evaluation Reforms on Teacher Labor Demand and Economic Conditions 

  Panel A: Teacher Labor Demand 

  

Novice Public School 

Teachers (per 10,000 18-65 

year olds) 

Public School Enrollment 

(in logs) 

Private School Enrollment 

(in logs) 

Public School Pupil 

Teacher Ratio 

Implement Evaluation 0.862 0.008 -0.011 -0.086 

  (0.579) (0.008) (0.020) (0.193) 

n  200 750 400 750 

% change relative to state mean 12% 0% 0% -1% 

  Panel B: Economic Conditions 

  

Certified Public 

Accountant Exam Takers 

(per 10,000 18-65 year 

olds) 

Unemployment Rate Private Hourly Wages 
State Tax Revenue Per 

Capita (real dollars) 

Implement Evaluation 0.011 -0.018 -0.026 -0.023 

  (0.108) (0.144) (0.248) (0.119) 

n  550 750 750 750 

% change relative to state mean 0% 0% 0% -1% 

State Controls No  No  No  No  

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state level in parentheses. Models examining 

novice teachers, public school FTE, private school FTE, and certified public accountant exam takers are weighted by the number of 18-65 year olds per 10,000 

in a state. 
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Table 7: The Effect of other Education Policy Reforms on the Supply of New Teachers 

  

Number of New 

Teaching Licenses 

At least one unfilled 

vacancy in a school 

Undergraduate 

Institution with 

Competitive 

Admissions 

  

Separate 

Models 

Joint 

Model 

Separate 

Models 

Joint 

Model 

Separate 

Models 

Joint 

Model 

  (1) (2) (3) (4) (7) (8) 

Implement Evaluation -2.400** 

-

2.702*** 0.028** 0.026** 0.072* 0.073* 

  (0.845) (0.752) (0.009) (0.008) (0.031) (0.030) 

Eliminate Tenure -3.006* -2.822 0.015* 0.010 0.021 0.004 

  (1.476) (1.750) (0.007) (0.009) (0.039) (0.030) 

Won Race to the Top Grant 0.075 0.580 -0.011+ -0.019* 0.063* 0.047 

  (1.268) (1.215) (0.006) (0.008) (0.031) (0.030) 

Number of Alt. Cert. Program Types 0.673 0.512 -0.001 -0.002 -0.022** -0.018* 

  (0.468) (0.398) (0.002) (0.002) (0.008) (0.008) 

Implement Common Core Standards 1.363 1.964 0.016 0.024* 0.018 0.013 

  (1.442) (1.323) (0.012) (0.010) (0.028) (0.029) 

Basic Skills Licensure Tests 1.771 0.793 -0.001 0.003 0.019 -0.008 

  (1.425) (0.881) (0.007) (0.009) (0.017) (0.021) 

Content Area Licensure Tests 0.068 -1.320 -0.005 -0.007 0.022 0.026 

  (0.428) (1.083) (0.007) (0.008) (0.028) (0.027) 

Pedagogical Knowledge Licensure Tests 0.428 -1.641 -0.004 -0.003 -0.014 -0.021 

  (1.015) (0.980) (0.006) (0.006) (0.023) (0.024) 

Weaken Collective Bargaining -1.388 1.376 -0.006 -0.010 0.037 0.041 

  (1.251) (1.431) (0.007) (0.007) (0.027) (0.037) 

Percent of Salary Withheld for Pension 

Fund -1.476 -0.018 -0.006* -0.007** -0.008 -0.007 

  (1.251) (0.410) (0.003) (0.002) (0.008) (0.008) 

% change relative to state mean (Eval) -16% -18%         

School Controls No  No  Yes Yes Yes Yes 

State Controls Yes Yes Yes Yes Yes Yes 

n 750 750 28,610 28,610 5,800 5,800 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state 

level in parentheses.  See Table 2 notes for a complete list of time-varying state-level controls and Table 3 notes for a 

complete list of school-level controls. All models include state and region-by-year fixed effects. All models are weighted 

by the number 18-65 year old per 10,000 in a state. 
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Figure 1: An Increase in the Relative Costs of Teaching when Costs Are Common for all 

Teachers 

 

 

 

 

 
 

Figure 2: An Increase in the Relative Costs of Teaching when Costs are Allowed to Vary by 

Ability 
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Figure 3: The Timing of Statewide Implementation of Teacher Evaluation Reforms 

 

Notes: Years represent the fall academic year in which the new systems were first fully 

implemented statewide.  

 

 

 
 

Figure 4: National Trends in the Number of Teaching Licenses Issued by States, 2002-2016  

 

Notes: The baseline 2002 value for licenses is 277,696 for licenses. Data on the number of 

teaching licenses issued come from Title II data provided by states to the U.S. DOE. A reporting 

year for Title II is from September 1st to August 31st for the latter year.  
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Figure 5: National Trends in School Hiring: Schools with at least One Unfilled Teaching 

Position  

 

Notes: Data come from the SASS and NTPS survey School Questionnaires.  

 

 
 

Figure 6: Event Study Depicting Effect of Evaluation Reforms on the Number of New Teaching 

Licensures 

 

Notes: Point estimates for years pre- (hollow dot) and post-reform (solid dot) and corresponding 

95 percent confidence intervals are derived from an event study model that includes time-varying 

state-level controls.  Estimates depicted in this figure are reported in Appendix Table A2. 
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Figure 7: Event Study Depicting Effect of Evaluation Reforms on School Hiring: Schools with at 

Least One Unfilled Teaching Position 

 

Notes: Point estimates for years pre- (hollow dot) and post-reform (solid dot) and corresponding 

95 percent confidence intervals are derived from an event study model that includes time-varying 

state-level and school-level controls. Estimates depicted in this figure are reported in Appendix 

Table A2. 

 

 
 

Figure 8. The Heterogeneous Effects of Evaluation Reforms on School Hiring: The Probability 

Schools Had At least One Unfilled Teaching Position by School Characteristics 

 

Notes: Bars represent 95% confidence intervals. Estimates based on models that include state-

level controls reported in Table 4. 
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Figure 9: Point Estimates of the Effect of Evaluation Reforms at Different Points in the 

Distribution of the Selectivity of Newly Hired Novice Teachers’ Undergraduate Institutions. 

 

Notes: Each estimate is associated with a binary outcome measure that divides the Barron’s 

ranking scale into two groups, the ranking level labeled in the figure or higher rankings (which 

take on a value of one) versus all lower ranking levels (which take on a value of zero).  
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Figure 10. Predicted Marginal Effects of Evaluation Reforms on New Teachers’ Perceived 

Working Conditions.   

 



 

 

Appendix A 

Appendix Tables 

 

Table A1: Alternative Specifications for the Effect of High-Stakes Teacher Evaluation and Tenure Reforms on the Number of New Teaching Licenses 

Outcome specification 
Scaled per number of 18-65 year olds per 

10,000 

Scaled per number 

of 22-25 year olds 

per 1,000 

Scaled per 

number of 18-65 

year olds per 

10,000 

Logged, 

controlling for 

logged number of 

18-65 year olds 

per 10,000  

Weights Number of 18-65 year olds per 10,000 
Number of 22-25 

year olds per 1,000 
No weights No weights 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Implement Evaluation -2.400** -2.152* -2.226** -1.960* -3.000** -2.730* -2.267* -2.385* -0.153* -0.155* 

  (0.845) (0.869) (0.795) (0.869) (0.994) (1.027) (1.041) (1.019) (0.072) (0.072) 

Implement Evaluation * Trend   -1.443*   -1.141+   -1.756**   -0.995+   -0.078+ 

    (0.562)   (0.575)   (0.648)   (0.516)   (0.041) 

Trend   0.258   0.116   0.329   0.268   0.018 

    (0.204)   (0.217)   (0.231)   (0.185)   (0.012) 

% change relative to state mean -16%   -15%   -20%   -15%       

State Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Endogenous Controls for Teacher Labor Demand No No Yes Yes No No No No No No 

n  750 750 750 750 750 750 750 750 750 750 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state level in parentheses. See Table 2 notes 

for a complete list of time-varying state-level controls. All models include state and region-by-year fixed effects. Endogenous controls for teacher labor 

demand include the number of novice public school teachers, logged public and private school enrollment, and public school pupil-teacher ratio.  Data for 

years in which the number of novice public school teachers and private school enrollment are not available are imputed using linear interpolation.  



 

 

Table A2: The Effect of High-Stakes Teacher Evaluation Reforms from Event Study Models 

  
Number of Licenses 

At least one unfilled vacancy in a 

school 

r =-7 or < 0.516 0.190 -0.017 -0.018 

  (1.755) (1.663) (0.015) (0.015) 

r =-6 0.056 -0.442 -0.009 -0.013 

  (1.345) (1.264) (0.018) (0.020) 

r =-5 0.540 0.211 -0.005 -0.001 

  (1.221) (1.095) (0.012) (0.012) 

r =-4 0.955 0.681 -0.036* -0.036* 

  (1.263) (1.175) (0.018) (0.017) 

r =-3 0.845 0.666 -0.000 -0.001 

  (1.104) (1.061) (0.013) (0.013) 

r =-2 2.281+ 2.258+ 0.005 -0.002 

  (1.137) (1.143) (0.011) (0.014) 

r =0 -0.802 -0.752 0.008 0.007 

  (0.704) (0.742) (0.014) (0.014) 

r =1 -2.679* -2.472* 0.029* 0.027+ 

  (1.071) (1.072) (0.013) (0.014) 

r =2 -3.558* -3.420* 0.051** 0.037* 

  (1.371) (1.383) (0.017) (0.018) 

r =3 or > -4.828* -4.959* 0.043** 0.041** 

  (2.096) (2.201) (0.013) (0.013) 

State Controls No Yes No Yes 

School Controls No No No Yes 

n 750 750 28,610 28,610 

Notes: +p<.10, *p<.05, **p<.01, ***p<.001. Cells report estimates and associated standard errors clustered at the 

state level in parentheses. See Table 2 notes for a complete list of time-varying state-level controls and Table 3 

notes for a complete list of school-level controls. All models include state and region-by-year fixed effects. 
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Table A3: The Effect of High-Stakes Teacher Evaluation Reforms on the Competitiveness of New Teachers' 

Undergraduate Institutions 

  

Non-

Competitive 

Less 

Competitive 
Competitive 

Very 

Competitive 

Highly 

Competitive 

Most 

Competitive 

  (1) (2) (3) (4) (5) (6) 

Implement Evaluation -0.024 -0.049 0.044 0.029 0.005 -0.006 

  (0.015) (0.030) (0.058) (0.043) (0.023) (0.014) 

n  5800 5800 5800 5800 5800 5800 

School Controls Yes Yes Yes Yes Yes Yes 

State Controls Yes Yes Yes Yes Yes Yes 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state 

level in parentheses. See Table 2 notes for a complete list of time-varying state-level controls and Table 3 notes for a 

complete list of school-level controls. All models include state and region-by-year fixed effects. 
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(1) (2) (3) (4)

Implement Evaluation 1.892*** 2.010*** 1.677** 1.773**

(0.320) (0.351) (0.328) (0.363)

Implement Evaluation * Trend 1.066 1.072

(0.073) (0.069)

Trend 1.033 1.039

(0.022) (0.026)

Implement Evaluation 0.579*** 0.563*** 0.616*** 0.643**

(0.073) (0.083) (0.090) (0.097)

Implement Evaluation * Trend 0.968 0.929

(0.055) (0.059)

Trend 0.983 0.960

(0.021) (0.024)

Implement Evaluation 0.673** 0.663** 0.561*** 0.582***

(0.088) (0.096) (0.085) (0.086)

Implement Evaluation * Trend 1.181* 1.173*

(0.078) (0.091)

Trend 1.022 1.012

(0.020) (0.020)

Implement Evaluation 0.997 1.056 1.095 1.155

(0.165) (0.168) (0.206) (0.217)

Implement Evaluation * Trend 0.960 0.975

(0.060) (0.065)

Trend 0.971 0.966

(0.032) (0.028)

Implement Evaluation 0.765+ 0.723+ 0.719* 0.648*

(0.118) (0.127) (0.107) (0.113)

Implement Evaluation * Trend 1.036 1.063

(0.051) (0.054)

Trend 1.016 1.033

(0.043) (0.039)

Implement Evaluation 0.772 0.699+ 0.701* 0.606*

(0.124) (0.131) (0.108) (0.125)

Implement Evaluation * Trend 1.048 1.044

(0.061) (0.062)

Trend 1.031 1.061*

(0.029) (0.029)

n 6460 6460 6460 6460

School Controls No Yes No Yes

State Controls No Yes No Yes

Table A4: The Effect of Teacher Evaluation Reforms on New Teacher Working Conditions

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard 

errors clustered at the state level in parentheses. See Table 2 notes for a complete list of time-

varying state-level controls and Table 3 notes for a complete list of school-level controls. All 

models include state and region-by-year fixed effects.

Panel A. Worry About Job Security

Panel B. Job Satisfaction

Panel C. Teacher Cooperation

Panel E. Control over Content, Topics, Skills Taught

Panel F. Control over Teaching Techniques

Panel D. Control over Selecting Textbooks and Instructional Materials
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Table A5: The Effect of High-Stakes Teacher Evaluation and Tenure Reforms on Public Teacher Salaries 

  

NCES Average Salary ACS Adjusted Average Salary 

Implement Evaluation -438.036 -164.545 -483.168+ -345.702 

  (517.754) (437.429) (260.881) (230.544) 

Implement Evaluation * Trend   198.323   -133.481 

    (268.743)   (202.729) 

Trend   -259.712*   -89.279 

    (128.937)   (103.235) 

% change relative to state mean -1%   -1%   

State Controls Y Y Y Y 

n  750 750 600 600 

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the 

state level in parentheses. See Table 2 notes for a complete list of time-varying state-level controls. All models 

include state and region-by-year fixed effects and are weighted by the total number of Full Time Equivalent 

(FTE) teachers in each state and year.   

 

 

 

 

 

 



 

 

 

 

Appendix B 

 

Event Studies for Alternative Explanations 

 

Panel A: Teacher Labor Demand 
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Panel B: Economic Conditions 
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Appendix C 

 

Data Sources for Concurrent Education Policy Reforms 

 

Teacher Tenure Reforms 

 

We compiled data on teacher tenure reforms from reviews of state statutes, case law, and prior 

literature. To capture the effect of the elimination of tenure on teacher labor supply, we created 

an indicator variable, Eliminate Tenure, which is equal to one in states and years during which 

tenure did not exist and zero when tenure existed. Ohio and South Dakota passed laws 

eliminating tenure protections that were overturned the same year by state ballot referendums. 

Pennsylvania’s tenure bill was vetoed by Governor. We do not code these three states as having 

eliminated tenure given the legislation was overturned in the same calendar year. Advocates have 

filed lawsuits in California, Minnesota, and New York attempting to challenge the legality of 

teacher tenure although none of these suits were ultimately successful.  

 

Year: We code tenure reforms based on the calendar year in which the state legislature passed 

the reform.  

 

Sources include:  

¶ The National Council on Teacher Quality’s (NCTQ) State Teacher Policy Yearbooks,  

¶ The Education Commission of the States’ State Policy Database,  

¶ Students First: State Policy Report Cards,  

¶ The Fordham Foundation’s (2012) report entitled How Strong are Teachers’ Unions? A 

State-by-State Comparison.  

 

We resolved discrepancies between these sources using information from states’ department of 

education websites, RTT federal grant applications, Lexis-Nexis searches of state and local 

newspapers, and conversations with academics and state Department of Education officials. 

 

Race to the Top Winners  

 

A full list of the timing and dates of race to the top winners is available from the U.S. 

Department of Education.  We code this time-varying variable as taking on a value of one in the 

year grant awards were announced and all following years.  

 

Year: We code Race to the Top winners based on the calendar year in which the award was 

announced by the U.S. Department of Education.  

 

Source:  

https://www2.ed.gov/programs/racetothetop/awards.html 

 

 

Alternative Certification Programs 

 

https://www2.ed.gov/programs/racetothetop/awards.html
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We measure the availability of alternative certification programs using data maintained by the 

U.S. Department of Education Office of Title II. These data track characteristics of alternative 

certification programs in operation across each state from 2008-2009 to 2015-2016. 

Characteristics include the year in which each program was first implemented.  We use these 

data to reconstruct a panel dataset from 2002 to 2016 with counts of number of alternative 

certification programs operating in each state in each year. 

 

Year: We code alternative certification programs based on the implementation year (calendar vs. 

academic unspecified) provided by U.S. Department of Education, Higher Education Act Title II 

State Report Card System.  

 

Source: 

https://title2.ed.gov/Public/DataTools/Tables.aspx 

 

Common Core State Standards  

 

We compiled data on the implementation of the Common Core State Standards (CCSS) from the 

Common Core State Website (www.corestandards.org). We compiled data on the timing and 

duration of a state’s adoption of the Common Core State Standards (CCSS) from several news 

sources listed below. We constructed a time-varying indicator for the school years in which 

states implemented the common core state standards statewide. Oklahoma and Indiana had 

initially adopted the standards, but dropped them before implementing them statewide. South 

Carolina implemented the CCSS for the 2014-15 year, but then abandoned the standards the 

following year. Some states such as Pennsylvania have renamed their standards and modified 

them. States that have maintain at least 85 percent of the CCSS maintain their CCSS status. 

 

Year: We code CCSS implementation based on the fall school year. 

 

Implementation Schedule Source 

¶ http://www.corestandards.org/standards-in-your-state/ 

 

Dropping Sources 

¶ https://www.washingtonpost.com/news/answer-sheet/wp/2014/06/05/two-more-states-

pull-out-of-common-core/?utm_term=.979642d75b03 

¶ https://www.npr.org/sections/ed/2014/12/30/371654882/common-core-repeal-the-day-

after 

¶ https://www.npr.org/sections/ed/2015/03/12/390688151/ditching-the-common-core-

brings-a-big-test-for-indiana 

¶ https://indianapublicmedia.org/stateimpact/2013/08/19/core-question-does-copyright-

mean-states-cant-change-the-common-core/ 

¶ http://www.theteachersacademy.com/blog/the-common-core-in-pa/ 

 

 

Teacher Licensure Test Data 

 

https://title2.ed.gov/Public/DataTools/Tables.aspx
http://www.corestandards.org/standards-in-your-state/
https://www.washingtonpost.com/news/answer-sheet/wp/2014/06/05/two-more-states-pull-out-of-common-core/?utm_term=.979642d75b03
https://www.washingtonpost.com/news/answer-sheet/wp/2014/06/05/two-more-states-pull-out-of-common-core/?utm_term=.979642d75b03
https://www.npr.org/sections/ed/2014/12/30/371654882/common-core-repeal-the-day-after
https://www.npr.org/sections/ed/2014/12/30/371654882/common-core-repeal-the-day-after
https://www.npr.org/sections/ed/2015/03/12/390688151/ditching-the-common-core-brings-a-big-test-for-indiana
https://www.npr.org/sections/ed/2015/03/12/390688151/ditching-the-common-core-brings-a-big-test-for-indiana
https://indianapublicmedia.org/stateimpact/2013/08/19/core-question-does-copyright-mean-states-cant-change-the-common-core/
https://indianapublicmedia.org/stateimpact/2013/08/19/core-question-does-copyright-mean-states-cant-change-the-common-core/
http://www.theteachersacademy.com/blog/the-common-core-in-pa/
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We construct time-varying indicators for different types of licensure exams states can require 

based on tables from the annual Digest of Education Statistics compiled by the National Center 

for Education Statistics (NCES). Each year the digest contains a table titled “States requiring 

testing for initial certification of teachers, by skills or knowledge and state.”  We include 

indicators for three types of licensure exams coded: basic skills exams, subject exams, and 

professional knowledge exams. The basic skills exam is a test of fundamental reading, writing 

and mathematics skills. The subject exams test content knowledge in the area for which a teacher 

will receive licensure. The professional knowledge exam tests knowledge of pedagogy in areas 

such as educational psychology, classroom management, lesson planning and evaluation and 

assessment.  

 

Year: We code licensure data based on the fall school year.  

 

Source: The source data for these tables come from National Association of State Directors of 

Teacher Education and Certification (NASDTEC) Manuel on the Preparation and Certification 

of Educational Personnel in the United States and Canada States. 

 

Collective Bargaining Reforms 

 

We compiled data on collective bargaining reforms through a comprehensive review of state 

laws during our panel period. A total of six states passed legislation that eliminated mandatory 

collective bargaining with public teacher unions or substantially restricted the scope of which 

aspects of teachers’ contracts were subject to collective bargaining (ID [later reversed], IN, MO, 

NM, TN, and WI). Ohio also made collective bargaining illegal in 2011, but the law was 

overturned that same year in a statewide referendum. We control for a time-varying indicator of 

whether collective bargaining is not mandatory in a given state. 

 

Year: We code collective bargaining reforms based on the calendar year in which the state 

legislature passed the reform. 

 

Source: Authors’ own research based on news articles and state legislative documents. 

 

Teacher Pensions 

 

We measure teacher pension contributions as the required employee contribution rate, which 

captures the percent of total wages that teachers must contribute towards pension funds. We 

control for a continuous measure of the percentage of teachers’ salary that they contribute 

towards pension funds in each state and year.  

 

Year: We use the year (likely calendar) provided in the Public Plans Database. 

 

Source: Annual data on employee contribution rates for state and locally sponsored teacher 

pension funds comes from the Public Plans Data maintained by the Center for Retirement 

Research at Boston College.   

https://crr.bc.edu/data/public-plans-database/ 

  

https://crr.bc.edu/data/public-plans-database/
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Table C1: Education Policy Reforms by State, 2002-2016           

  
Implement 

Evaluation 

Eliminate 

Tenure 

Won Race to 

the Top 

Grant 

Implement 

Common 

Core 

Standards 

Basic Skills 

Licensure 

Tests 

Content Area 

Licensure 

Tests 

Pedagogical 

Knowledge 

Licensure 

Tests 

Weaken 

Collective 

Bargaining 

Alabama 2016     2013 2003 2005 2005   

Alaska 2016       2006 2016     

Arizona 2013   2011 2013         

Arkansas 2014     2013 2003 2003 2003   

California       2014         

Colorado 2013   2011 2013   2007     

Connecticut 2014     2013     2005   

Delaware 2012   2010 2012   2005     

Florida 2011 2011 2010 2013         

Georgia 2014   2010 2014         

Hawaii 2013   2010 2013     2009   

Idaho 2014 2011   2013   2005 2005 2011 

Illinois 2016   2011 2013 2005 2005 2003   

Indiana 2014             2005 

Iowa       2012 2003 2015 2015   

Kansas 2014 2014   2013   2005     

Kentucky 2014   2011 2011 2008 2003 2003   

Louisiana 2012 2012 2011 2013         

Maine 2016     2012 2015 2015 2015   

Maryland 2013   2010 2013         

Massachusetts 2013   2010 2013 2005 2005     

Michigan 2011     2012         

Minnesota 2014         2005     

Mississippi 2014     2013 2015 2015 2015   

Missouri 2013     2014 2005   2015 2005 

Montana       2013   2016     

Nebraska         2006 2016     

Nevada 2015     2013 2015 2006     

New Hampshire 2016     2014         

New Jersey 2013   2011 2013 2015 2015     

New Mexico 2013     2013   2003     

New York 2012   2010 2013 2015 2005     

North Carolina 2011 2013 2010 2012 2015 2015 2015   

North Dakota 2015     2013 2015 2008 2015   

Ohio 2013   2010 2013   2006 2006   

Oklahoma 2013           2004   

Oregon 2013     2014 2006 2006     

Pennsylvania 2013   2011 2013         

Rhode Island 2012   2010 2013 2015 2015 2005   

South Carolina 2014     2014   2007     

South Dakota 2015     2014 2007   2005   

Tennessee 2011   2010 2013 2005     2011 
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Texas 2016       2012 2012 2012   

Utah 2015     2013 2016 2005     

Vermont       2013   2016     

Virginia 2012           2005   

Washington 2015     2014 2005 2005     

West Virginia 2013     2014         

Wisconsin 2014     2014   2005   2011 

Wyoming       2014         

Notes: See Appendix C for details about each measure. Our time-varying measures account for reforms that were later 

reversed. Georgia eliminated tenure in 2000 and reinstituted tenure in 2003. Reform years in bold are reforms that occurred 

during the same year as evaluation reforms. This table does not contain data on two other non-binary education reforms for 

which we control, the number of alternative certification program types and the percent of salary withheld for pension funds. 
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Appendix D 

 

Data Sources for Moderators 

 

Union Strength 

 

Our measure of union strength is a rank-based measure constructed by the Thomas B. Fordham 

Institute (Winkler, Scull and Zeehandelaar, 2012). Rankings are based on 21 metrics across five 

major areas: resources and membership, involvement in politics, scope of bargaining, state 

policies and perceived influence. The vast majority of data used for each metric comes from 

2010 or earlier years, meaning this measure reflects the strength of unions prior to the adoption 

of teacher accountability reforms. We reverse the rankings such that a ranking of 1 represents the 

weakest union while a rank of 50 represents the strongest.  

 

VAM/SGP Weights 

 

We construct two measures of the degree to which new state evaluation systems incorporate 

objective measures of student learning as categorized by the National Council of Teacher Quality 

(NCTQ, 2016). The first is a five-category ordinal measure ranging from none (1) to 

preponderant (5). The second is a binary indicator for objective measures of student learning 

being either a preponderant or significant (and explicit) percentage of teachers’ total evaluation 

scores.  

 

 

  

 

 

 

  



 

 

 

 

 
 

 

 

 

 

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Implement Evaluation (Eval) -4.030** -4.910* -3.016* 0.026+ 0.009 0.023* 0.156* 0.141* 0.147** 0.079+ 0.111** 0.078* -0.042 -0.066 -0.003

(1.444) (2.361) (1.319) (0.014) (0.013) (0.009) (0.061) (0.059) (0.050) (0.044) (0.036) (0.031) (0.045) (0.044) (0.033)

Eval * Union Strength 0.068 0.000 -0.001 -0.000 0.003

(0.048) (0.001) (0.002) (0.001) (0.002)

Eval * Weight of VAM/SGP 0.741 0.006+ -0.003 -0.012 0.018

(0.624) (0.003) (0.014) (0.008) (0.014)

Eval *  VAM/SGP major component 1.132 0.011 -0.034 -0.011 0.031

(1.532) (0.009) (0.051) (0.025) (0.040)

State Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

School Controls No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

n 750 750 750 5,800 5,800 5,800 6,460 6,460 6,460 28,610 28,610 28,610 22,000 22,000 22,000

Undergraduate Institution with 

Competitive Admissions

Emergency or No 

Certification

Table D1. Testing for Differential Effects of High-Stakes Teacher Evaluation Reforms on the Number of New Teaching Licenses

Notes: +p<.10, *p<.05, **p<.01, ***P<.001. Cells report estimates and associated standard errors clustered at the state level in parentheses. Union Strength is a continuous ranking of the strength 

of teacher unions across states where a higher ranking indicates a stronger union. Weight assigned to test-based measures is an ordinal measure from 1 to 5 where higher ratings reflect state 

evaluation systems with larger weights assigned to measures of student learning. VAM/SGP major component is a binary indicator which takes on a value of one for states that have evaluation 

systems where a measures of student learning such as value-added models (VAM) or student growth percentiles (SGP) contribute the preponderate or a significant and explicit percentage of the total 

evaluation scores. See Table 2 notes for a complete list of time-varying state-level controls. All models include state and region-by-year fixed effects.

Number of New Teaching 

Licenses

At least one unfilled vacancy 

in a school
Difficulty of filling vacancy


