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Abstract

The growing literature on teacher retention indicates that financial incentives from both
current and deferred compensation are related to a teacher staying in a school district and the
profession. A key limitation of the existing literature is its ability to provide policymakers
guidance regarding teachers’ behavioral responses to compensation changes. This study
estimates a structural model of teacher retention in a large school district: Chicago Public
Schools (CPS), based on administrative data from 1979-2012. The structural modeling approach
estimates an intertemporal utility model, where preference parameters are identified based on
individuals’ observed choices. The fitted model of individuals’ preferences is then used to
examine behavioral responses to policy innovations that are untested or for which a valid
counterfactual is not observed.

The estimated model finds that CPS teacher retention decisions are sensitive to both current
salary and retirement benefit eligibility dates. Simulations suggest a permanent three-percent
reduction in salary results in significantly lower retention for early career teachers in years one to
five. An increase in the full retirement age leads to lower retention of mid-career teachers, but
the teachers that remain have longer careers on average, resulting in an overall increase in
teacher-years for a given teacher entry cohort.
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Summary

School districts recognize compensation as an important factor in teacher retention and
retirement, but there is little existing capability to predict how changes in current compensation
or retirement benefits alter teacher retention over a career and affect retirement decisions. The
purpose of this research is to begin filling that gap. We develop a structural stochastic dynamic
programming model that links teacher retention and compensation. The estimates of the
structural model are informative about the relative importance of compensation and non-
pecuniary factors in retention decisions and the estimated model can be used to evaluate
proposed changes to compensation policies. This structural approach was originally developed to
study the retention of military personnel with respect to compensation and is known as the
dynamic retention model or DRM. Military service and the military as an organization are
distinctly different than teaching and schools, but there are similarities in the retention profiles of
military personnel and teachers and in their compensation systems, suggesting the potential
usefulness of the DRM for analyzing teacher retention. In addition, as an indication of its
versatility, the DRM is being successfully adapted to the federal civil service workforce (Asch et
al. 2014a, 2014b).

The growing literature on teacher retention indicates that financial incentives from both
current and deferred compensation (retirement benefits) are related to teacher retention in a
school district and the teaching profession more generally. However, the results from the
existing literature cannot be readily used to predict the effect of alternative compensation
policies on retention. This is the first study that estimates a structural model of teacher retention
in a large school district. The structural modeling approach has a distinct advantage over other
approaches because it permits quantitative assessments of the retention effects of compensation
policies for which no data or limited data exist. With the estimated model we can simulate the
effect of changes to current and deferred compensation on teacher retention decisions over the
career from entry to exit or retirement.

Our analysis focuses on the retention of Chicago public school teachers. However, the
features of Chicago teachers’ compensation are not atypical. Teacher salaries are determined
through a collective bargaining process and follow a salary schedule based on years of
experience and formal education. Teachers are also covered by a back-loaded defined benefit
retirement plan, which creates particularly strong retention incentives as teachers approach the
plan retirement age. These features of Chicago teachers’ compensation are included in the
DRM.

The DRM is an econometric model of retention behavior. In it, employees make retention
decisions each year over their career with a given employer. The model assumes that these
employees are rational and forward-looking, taking into account their expected future earnings

viii
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from the employer (current and deferred), as well as their own preference for employment with
that employer, and uncertainty about future events that could cause them to value their current
service more or less, relative to their external opportunities. The DRM allows for heterogeneity
in employees’ permanent preferences or “taste” for employment with their current employer,
relative to other employment options. This means that the model can accommodate variation
across teachers with respect to their satisfaction with teaching in general, working in Chicago
public schools in particular, and the (non-pecuniary) desirability of their alternative employment
options.

We explored several extensions of this baseline model and found that a version incorporating
an early-career preference for teaching in Chicago, in addition to the permanent taste for
teaching in Chicago that is already included in the model, provided the best fit of teacher
retention. The additional early-career taste is modeled to be the same for all Chicago hires and
decreases as teachers gain experience in their first ten or so years of service in Chicago. Such
downward adjustment in the taste for teaching early in the career is consistent with many
candidate causes, such as a decrease in the personal satisfaction from teaching or an increase in
duties related to administration, discipline, reporting requirements that, while necessary, may
take away from the non-pecuniary benefit of being a teacher. We are not able to pin down the
specific drivers in this study, but the finding suggests that this deserves further research.

The model was estimated using personnel data, which allowed us to follow teachers over
their careers in Chicago (1979-2012) and to observe their salaries, ages and years of district
service in each year. The predicted retention profile fits the data well. The parameter estimates
suggest that teachers enter teaching in Chicago with a high initial taste that decreases over the
first ten or so years of teaching, and this is an important driver of the early career attrition. There
is also significant variation in the permanent taste for teaching. Teachers with higher permanent
taste are more likely to stay, and, the average taste of retained teachers increases with teacher
experience once the decline in initial taste has run its course.

Using the estimated model, we simulate several hypothetical changes to Chicago teacher
compensation. We find the largest changes to the retention profiles occur when current salaries
are reduced and when the full retirement age is increased. Simulations suggest a permanent
three-percent reduction in salary results in significantly lower retention for early career teachers
in years one to five. An increase in the full retirement age leads to lower retention of mid-career
teachers, but the retention of teachers that continue teaching beyond the full retirement age is
higher given that teachers with lower taste tend to have left by the new full retirement age.

The estimated model implies that teacher retention decisions are sensitive to both current
salary and retirement benefits. The analysis here has generated a baseline model that can be
applied to states (including Illinois) and other school districts to better understand how reforms
of teacher pensions or changes to salary schedules (e.g. performance-based vs. experience-based
pay) affect teacher retention and at what cost. This model can also be extended to include non-
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pecuniary factors that may affect teacher retention, such as a mentoring program for new
teachers, and to explore selective retention by teacher effectiveness.
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1. Introduction

Policies that will significantly affect teacher compensation are rolling out across the country.
In response to the large underfunded liabilities of teachers’ pensions,* many state governments
have legislated reductions in teachers’ retirement benefits for new and future employees (Clark,
2012). These benefits are a substantial portion of teacher compensation and changes to the level
and timing of this compensation for teachers could alter turnover rates at different points along
the career profile. Offsetting adjustments to other forms of compensation would then be required
to maintain the status quo career profile (if desired), and depending on their design may do so
less efficiently. At the same time there is a growing push to improve the teaching workforce by
shifting away from traditional experience and education-based teacher salary schedules to
salaries based on teacher effectiveness. Changes to retirement benefits may interact with and
influence the effectiveness these salary reforms.

While the funding situation of teacher retirement systems has received considerable attention,
less attention has been put on how pension reforms and, more broadly, how changes to teacher
compensation affect teacher turnover and teacher experience mix. Our research develops a
modeling capability to begin filling that gap. We develop a stochastic dynamic programming
model to analyze the relationship between compensation, including retirement benefits, and
retention over the career of Chicago public school teachers. The results of the model estimation
indicate the relative importance of compensation and non-pecuniary factors in retention
decisions. However the distinct advantage of the structural modeling approach over other
approaches is that it the estimated model can be used to simulate the retention effects of
counterfactual compensation policies for which no data or limited data exists.

Like other workforces, retention varies over the teacher career. Public school districts
typically have relatively high outflow of teachers at the beginning of a career, then low outflow
in mid-career years, and higher outflow once the retirement eligibility date is reached. Relevant
research suggests that 57 percent of new-entrant teachers remained at their school for three to
five years and 47 percent remained for 6 to 10 years.? Turnover for teachers with more than 10

*Munnell and Aubry (2015) report that the aggregated expected liability of 150 state and local pension plans is $4.3
trillion, but these plans only have the assets to cover 74 percent of this liability, leaving $1.1 trillion (approximately
6.5 percent of the U.S. 2014 GDP) unfunded. As a subset of state and local plans, many teacher pension systems are
in poor health and all but one was underfunded in 2014.

2 Papay et al. (2015) studied teachers in 16 urban school districts and found that 55 percent left their district within
five years. In addition, 70 percent of new-entrants left their school within five years but remained in their district.
Hanushek et al. (2004), using Texas data, found that 26 percent of teachers with zero to two years of experience left
their school from one year to the next, as did 22 percent of teachers with 3 to 5 years of experience and 18 percent of
teachers with 6 to 10 years of experience. These percentages suggest that 57 percent of new-entrant teachers
remained at their school for three to five years and 47 percent remained for 6 to 10 years.
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years of experience is relatively low. For example, the one year continuation rate in Texas for
teachers with 11 to 30 years of experience was 86.9 percent (Hanushek et al. 2004).

Understanding how compensation affects retention is valuable because turnover is costly.
Although there is a sorting process underlying turnover in which individuals who do not fit well
with an organization, or who discover superior external opportunities, will leave, it is important
to recognize that the benefits of turnover come at a cost. According to a pilot study of five urban
and rural school districts conducted by the National Commission on Teaching and America’s
Future (2007), the average cost of replacing a teacher, including recruiting, hiring, and training,
was $17,872 for Chicago, the district studied in this report. (Replacement costs were similar in
Milwaukee and lower for rural districts.) The total annual cost of turnover in the Chicago
schools was estimated to be above $86 million per year.

The cost of turnover goes beyond the budgetary expense of replacing a teacher. Turnover
can result in a lack of continuity in instruction, inadequate teacher expertise for making
curriculum decisions, and fewer experienced teachers to serve as mentors (Loeb et al. 2009).
The replacement of an experienced teacher by a novice implies a loss of human capital,
experienced personnel who leave take with them knowledge about policies, procedures, tactics,
and mentoring and leadership capability.

The literature on teachers is vast, and some of that literature has focused on teacher retention.
However, as we discuss in Chapter 3, the literature is quite sparse in terms of models that support
counterfactual—or “what if”—policy analysis of how pension reforms or other compensation
changes affect teacher retention over the career. Such counterfactual policy analysis requires a
structural modeling approach, but that approach has not been used in the past to analyze teacher
retention.

The structural, stochastic dynamic programming model of teacher retention and
compensation developed in our research permits counterfactual analyses, using data on the
Chicago Public Schools system. The approach we use in this study, also known as the dynamic
retention model (DRM), was first developed in the early 1980s to study the retention of military
personnel. It has been used to inform policy by assessing the effects of proposed reforms of the
military retirement system, bonuses and special pays, separation incentives, and annual pay and
cost-of-living increases on personnel costs and military personnel retention. As an indication of
its versatility, the DRM has been adapted to the federal civil service workforce (Asch et al.
2014a, 2014b), even though federal civilian service and military service involve quite distinctive
careers and external opportunities. Similarly, military service and the military as an organization
are distinctly different than teaching and schools, but there are similarities suggesting the
potential usefulness of the DRM for analyzing teacher retention. These similarities include
similar retention patterns over the career, e.g., high early attrition, high mid-career and senior
retention and high turnover among retirement-eligible personnel. Another similarity is the use of
a defined benefit retirement system and an experience-based pay table as a basis for computing
current compensation.
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The DRM provides a platform for addressing policy questions regarding teacher
compensation and retention because, once estimated, we can use the DRM to conduct policy
simulations showing the effect of compensation changes on retention and their cost. These
questions could include: To what extent would higher teacher pay, or a continuation bonus,
decrease turnover, and how much would it cost? How would pension reforms that change the
benefit formula or mandate higher employee contributions affect retention over a career as well
as cost?

Although most teacher retirement benefits are defined-benefit plans, it may be worthwhile
for school districts to consider a blended plan. The military, having used much the same defined
benefit plan since 1947, may switch to a blended plan with both a defined benefit and a defined
contribution plan.® A blended plan might be attractive to districts and teachers for similar
reasons, and applying the DRM to teacher retention is a step toward building the capability to
explore this possibility. Introducing a blended system or altering a current pension system to
enable buy-outs may help to decrease the unfunded liability, but analysis is needed to give a
specific estimate of the potential decrease. Though not done here, the DRM approach has the
potential to explore these options.

Developing a DRM of teacher retention required several steps. First, it required gathering
information on teacher pension systems and teacher careers so that we can incorporate key
institutional features into the model. The second key step was developing new code for the
DRM that reflects the institutional features of teacher retirement compensation and estimating
teacher pay schedules and external earnings opportunities to include in the model. This step also
involved developing new code enabling the model to be estimated with data on entering cohorts
of teachers combined with data on teachers present in a given year. Third, longitudinal data on
teacher retention must be obtained to estimate the model. Finally, the model was estimated and
used to conduct policy simulations to illustrate its capability.

This report documents these steps and our key findings. The following two chapters describe
the Chicago teacher pension system and discuss literature related to teacher retention. We then
describe the DRM and the Chicago teacher data, and, in Chapters 6 and 7, present the parameter
estimates and describe the policy simulations we have done. The final chapter offers our
assessment of the findings and outlines possible future work.

% In the current Congress, the House and Senate Armed Services Committees have produced bills with blended
plans—a major retirement reform. The plans allow incumbent service members to opt into the blended plan but
otherwise keep them under the current plan, and place new entrants under the blended plan. Analysis with the DRM
has shown how a blended plan can be beneficial to service members, offer military services greater flexibility in
managing personnel, and save cost (Asch et al. 2014c, 2015).
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2. Overview of the Chicago Teachers Employment Context

This chapter provides an overview of Chicago teachers’ current and deferred compensation
and highlights other features of the Chicago Public Schools (CPS) employment context that may
affect teacher retention. The focus of our study is the effect of compensation on the teacher
retention profile, and non-compensation factors such as health care benefits are largely omitted
from our analysis. However, in Chapter 6 we discuss how these other factors relate to the
interpretation of our results.

Compensation and Work Rules while Employed

Teachers in Chicago are members of the Chicago Teachers” Union (CTU). Compensation
and many aspects of working conditions are negotiated between the Chicago Board of Education
and CTU and codified in a collective bargaining agreement.* As in many unionized school
districts, salaries are determined by a pay table and are closely tied to position, teaching
experience in the school district, and formal education or training. Teachers that take on extra
duties may earn more than teachers with similar experience and education, but otherwise there is
little variation in earnings. CPS also offers a standard array of benefits including employer-
sponsored health insurance and paid sick leave. Historically the Chicago Public School System
(CPS) has not offered performance pay, and the negotiated wage schedule does not offer any
flexibility at the individual level. This prevents individual-targeted retention policies, such as the
matching of outside employment offers. It also prevents rapid response to changing external
labor market conditions overall or in particular fields, such as an increase in demand for those
with STEM backgrounds. The result is that there may be heterogeneous retention by teacher
quality or specialization. The compensation system is also a barrier to school-specific retention
policies, so variation in working conditions, including student backgrounds and infrastructure
quality may also lead to heterogeneous retention by school assignment.

CPS also has a fairly generous leave policy for tenured teachers.> A teacher that returns from
an approved temporary absence, for example paternity/maternity leave, after no more than one
year is guaranteed the option to return to his or her pre-leave position. A teacher that returns
from an approved absence within four years is eligible for immediate assignment though he or
she is not guaranteed to be placed in the same position or school. This flexibility and job

% The most recent collective bargaining agreement between the Board of education of the City of Chicago and
Chicago Teachers Union Local 1, American Federation of Teachers, AFL-CIO was entered into on October 24,
2012 and retroactively effective on July 1, 2012 — June 30 2015. At the time of writing, a new contract had not been
signed.

® Teachers with three years of service with satisfactory performance reviews are granted tenure.
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security is likely to be valued by teachers as part of the compensation and benefits package,
which may contribute to retention. In addition, this temporary leave policy allows teachers to
incur fewer costs by returning to employment in CPS following a break in teaching versus
seeking employment outside CPS, reducing the likelihood of permanent separation.

Not all exits from CPS are the teacher’s choice; involuntary separations occur due to school
closures, budgetary reasons, or cause. Tenure and seniority in CPS generally afford teachers
greater employment security, so they are less likely to exit CPS involuntarily. However, this link
was weakened recently and performance has become a more important determinant of job
security, as discussed at the end of this chapter. In addition, it is not uncommon for CPS to lay
off a large number of teachers at the beginning of the summer before the district budget has been
set. Even though the majority of the teachers are recalled or reemployed before the school year
begins, this practice creates significant uncertainty, especially among untenured and less
experienced teachers. As a result, teachers may be more likely to seek and secure alternative
employment early in their careers.

Defined Benefit Retirement Plan

Chicago teachers and administrators are covered by the Chicago Teachers’ Pension Fund
(CTPF), a defined benefit pension system. Established in 1895 by the State of Illinois
legislature, the CTPF was in good financial standing for much of its history, though its funding
level has now fallen to 50 percent of its liabilities. Chicago Public School (CPS) teachers opted
out of Social Security and therefore do not receive Social Security credits while working in the
Chicago public schools. CTPF also offers retiree health insurance and teachers have
participated in Medicare since 1986.

Chicago teachers in our period of study are covered by the CTPF Tier 1° retirement plan.
This defined benefit pension plan has the features typical of most teachers’ pensions in the U.S.
(Hansen 2010) and has similarities with the defined benefit plans of government employees and
military personnel. The details of the retirement plan for the period under study are described
below and summarized in Table 2.1.

® Teachers hired on or after January 1, 2011 are in Tier 2 of the CTPF.
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Table 2.1. Overview of the CTPF Defined Benefit Retirement Plan

Tier 1 (Hired before January 1, 2011)

Siles e s e Service earned after 7/1/1998

Tier 2 (Hired on/after January 1, 2011)

7/1/1998
Employee contribution rate 8% of salary each year 9% of salary 9% of salary
Paid by employee 1% of salary each year 2% of salary each year 2% of salary each year
Paid by employer 7% of salary each year 7% of salary each year 7% of salary each year

Vesting service requirement

5 years

10 years

Benefit Multiplier

1.67% for years of service 1-10
1.90% for years of service 11-20
2.10% for years of service 21-30
2.30% for years of service 31+

2.20% for all years of service

2.20% for all years of service

Max. Retirement Benefit

75% of Final Average Salary

75% of Final Average Salary

Normal Retirement Age

Age 55 with 33.95 or more years of service, or
Age 60 with at least 20 years of service, or
Age 62 with at least 5 years of service

67 with at least 10 years of service

Early Retirement Age

Age 55 with at least 20 years of service

62 with at least 10 years of service

Early Retirement Benefit
Reduction

Benefit is reduced by 6% for each year
below age 60 or 33.95 years of service

Benefit is reduced by 6% for each year
below age 67

Final Average Salary

Average of salary for 4 highest consecutive earnings years, of most
recent 10 years of service

Average of salary for 8 highest
consecutive earnings years, of most
recent 10 years of service

Pensionable Earnings Cap

None

Yes ($111,571.63 in 2015)

Cost of Living Adjustment

3% compounded annually beginning at the later of 1 year after retirement
or age 61

Lesser of 3% or one-half of CPI,
calculated on initial pension amount

Spouse Survivor Benefit

50% of retirement benefit

66 2/3 % of retirement benefit
(or earned annuity)
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Nine percent of a teacher’s salary for each creditable year of service must be contributed to
their pension while working.”® .CPS contributed 7 percent of salary on behalf of teachers during
the time period we study, leaving the remainder, 2 percent, to be paid directly from the teacher’s
salary.? The portion paid by CPS is determined during contract negotiations and included in the
collective bargaining agreement between the CPS Board and the Chicago Teachers’ Union.

Teachers vest in CTPF Tier 1 after five years of service in CPS. Vesting makes them eligible
to receive a retirement benefit, and the benefit is paid as a lifetime annuity. The CTPF normal
retirement age decreases as years of service increase. A teacher with 33.95 years of service is
eligible to retire with full benefits as early as age 55, while a teacher with at least 20 years of
service can retire at 60, and a vested teacher with fewer than 20 years of service may not begin
receiving pension income until age 62. At the normal retirement age, teachers are eligible to
receive the “full” retirement benefit.

The CTPF full benefit calculation follows the standard structure found in most defined
benefit pensions. It is not explicitly tied to the contributions, but is rather calculated as a fraction
of each teacher’s average salary. The full benefit, B, is calculatedas B = M X YOS X FAS,
where M is the pension multiplier, YOS is the total number of covered years of service in CPS,
and FAS is the teacher’s “final average salary.” The pension multiplier (M) was stepped by years
of service before 1998 and has been 2.2 percent since 1998 (see Table 2.3). Together, the
multiplier and years of service determine the fraction of the teacher’s salary that is received as a
retirement benefit, commonly referred to as the replacement rate. For example, under the 2.2
percent multiplier a teacher with 20 years of service who has reached the normal retirement age
of 60 will receive a retirement benefit equal to 44 percent (20 x 2.2 percent) of her final average
salary. CTPF calculates the final average salary for Tier 1 teachers as the average of the four
highest consecutive years of earnings within the most recent 10 years of service; this is the last
four years of earnings for most teachers.

The final average salary is the nominal average salary. For teachers retiring at the end of
their work life, nominal average salary is typically only a few percentage points less than if the
salary were adjusted for inflation to bring it to current-year dollars. However, the lack of an
inflation adjustment makes a large difference to a teacher who leaves CPS after 10 years of
service at age 35 and claims CPS retirement benefits at age 62. Taking an annual average
inflation rate of 2 percent, each dollar of FAS as of age 35 would have a real value at age 62 of

" This was 8 percent as of July 1, 1971, 9 percent as of July 1, 1998.

8 One year of service credit is received for a year in which the teacher was employed and received salary for 170 days or more.
Partial-year credit is given when employment is for less than 170 days. (Tier 1 Member Guide 2015)

® For example, suppose the teacher’s monthly salary schedule amount was $5,000 and the Board paid 7 percent of salary to
CTPF. Creditable earnings from the perspective of CTPF would be computed as $5,000/(1 - .07) = $5,376. The amount remitted
to CTPF would be .09 x $5,376 = $484, which is non-taxable. The contribution paid by the Board is $376 and the contribution
paid by the teacher is $108. Taxable earnings are $5,376 - $484 = $4,892. Because the entire 9 percent is excluded from the
member’s taxable income, it is treated as an employer contribution under the Internal Revenue Code and therefore meets the
Illinois mandate that the employer pick up the entire 9 percent, regardless of who actually pays it.
(https://trs.illinois.gov/employers/guide/guide.pdf)
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$0.58—more than a 40 percent decrease in real value. This loss from inflation would be avoided
if the teacher remained in CPS until normal retirement age.

A teacher with at least 20 years of service may retire early between ages 55 and 60 with a
reduced benefit. But each year short of normal retirement age decreases the annual full
retirement benefit by 6 percent. A teacher with 30.95 years of service can retire at age 57 instead
of age 60 but with 18 percent less, or .82 of the normal-age benefit. An added wrinkle is that the
normal retirement age changes based on years of service. Therefore, a similar age 57 teacher but
with 31.95 years of service would have her benefit reduced by only 12 percent because she
would be eligible for a full pension with only two more years of service. Importantly, the benefit
reduction is permanent. Teachers retiring before July 1, 2000 could retire early without a benefit
reduction if they and CPS paid a fee to CTPF (Appendix A).

Teachers also have opportunities to increase their retirement benefits through the purchase of
creditable years of service. Unused sick leave can be converted to service credits. The amount
that can be converted is currently capped at 244 days, which is equivalent to 1.4 years of service.
Teachers can buy creditable service for time spent on approved leave, e.g., maternity/paternity
leave. The current maximum service purchase allowed for unpaid approved leaves of absence is
36 months. Appendix A describes these and additional service purchase options.

Once retirement benefits begin, they are adjusted for inflation. The annual cost of living
adjustment (COLA) for CTPF Tier 1 teachers is 3 percent. The COLA starts one year after
retirement, or at age 61, whichever is later. The COLAs are compounded.

Summarizing, the key aspects of retirement wealth accumulation in the CPTF include vesting
after five years of service, eligibility to receive full retirement benefits at age 55 with 34 years of
service, or age 60 with 20 or more years of service, or at age 62 with less than 20 years of
service, and early retirement is possible with some benefit reduction. Benefit amount is
determined by a typical defined-benefit formula, B =M x YOS x FAS, and final average
salary is stated in nominal terms as of the years it was earned. Retirement benefits, when
received, have an annual COLA of 3%.

Retention Incentives of CTPF Retirement Benefits

In this section, we present an example of CTPF retirement benefits. Key factors in the
teacher’s accumulation of retirement benefit wealth are: (1) Vesting at the completion of 5 years
of service; the teacher has no retirement wealth until vesting. (2) Fairly steady increase in
benefit amount as a result of pay increases, especially during the first 20 years of service. (3) A
bump up in retirement wealth upon completing 20 years of service, at which point the normal
retirement age for full benefits decreases from 62 to 60. (4) Another bump up upon the
completion of 34 years of service (more precisely, 33.95 years), at which point the retirement
benefit multiplier reaches its maximum of 75 percent. A teacher that begins in CPS at age 22
will reach 34 years of service at age 55 and is eligible to retire at that age. Beyond this point,
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accrual becomes negative for this teacher because the small increment in benefit amount from
the increase in FAS from an additional year of work does not offset the loss of one year of
benefits. (5) Teachers can retire early, before their normal retirement age of 60 or 55, but at a
penalty of 6 percent of their benefit for each year less than their normal retirement age. (6)
Benefits are adjusted by COLA starting one year after the teacher reaches normal retirement age.
For teachers who vest but leave CPS before the normal retirement age, there is no COLA
adjustment to their FAS prior to one year after normal retirement age.

Table 2.2 presents an example of the accumulation of retirement wealth over a teacher’s
career. The earnings in the example are based on the annual earnings for a CPS teacher in our
sample used in estimating the DRM. The left-hand columns show age, years of service, and
annual earnings in constant (inflation-adjusted) dollars. FAS is an average of the four most
recent years of earnings as they are the highest consecutive four years. The deflator column
indicates the purchasing power at age 55 of a current-age dollar. This is relevant because
benefits are based on FAS and it is not adjusted to keep pace with inflation, so a dollar has a
lower real value at retirement than it does in the current year. The next column, annual
retirement benefit in constant dollars, applies the deflator in calculating the value of the benefit.
Age 55 is used as the base year for the deflator because in this example the teacher will have 34
years of service at age 55 and have the maximum multiplier at that time. The assumed age of
retirement follows the benefit eligibility rules of CTPF and so is age 62 once a teacher has vested
(has more than 5 years of service) and decreases to age 60 when the teacher has 20 years of
service. For some teachers, the age that optimizes retirement wealth may be early, i.e., before
age 60 and as early as age 55, the youngest allowable age to draw benefits. In the example, a
teacher with 32 years of service at age 53 and who is considering leaving teaching at that point
will do better by claiming retirement benefits at age 55 rather than age 60, where “better” means
a higher present discounted value of retirement wealth at age 53. The table also shows
retirement ages beyond age 55, and here the final average salary increases slightly with age but
the multiplier is constant—the maximum of 75 percent is reached at age 55—and each year of
work after 55 comes at the cost of one year of benefits forgone.

The column “retirement wealth as of normal age of retirement” is the present discounted
value of the retirement benefit stream starting from the normal age of retirement to age 85, the
assumed end of life. Discounting is done at a personal discount rate of 6 percent. Retirement
wealth at the normal retirement age increases steadily until reaching its maximum at age 55, then
decreases. The decrease occurs because the increase in final average salary is not fast enough to
overcome the negative effects of one year of benefits forgone and one year less to draw benefits.

10
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Retirement
age
Annual maximizing
Annual retirement Retirement retirement Retirement
earnings in Final Deflator benefit in wealth as of wealth wealth
constant average (age 55 = constant Normal age | normal age of | discounted to | discounted to
Age YOS dollars salary (FAS) 1.00) dollars (B) of retirement retirement current age current age

22 1 45,254 0.520 0 0
23 2 48,236 0.531 0 0
24 3 51,218 0.541 0 0
25 4 54,200 0.552 0 0
26 5 57,182 0.563 0 0
27 6 58,977 55,394 0.574 4,200 62 61,115 62 7,951
28 7 60,773 57,783 0.586 5,213 62 75,863 62 10,462
29 8 62,568 59,875 0.598 6,297 62 91,636 62 13,396
30 9 64,363 61,670 0.610 7,443 62 108,306 62 16,783
31 10 66,158 63,466 0.622 8,681 62 126,320 62 20,749
32 11 66,856 64,986 0.634 9,973 62 145,127 62 25,268
33 12 67,555 66,233 0.647 11,310 62 164,585 62 30,375
34 13 68,253 67,205 0.660 12,681 62 184,536 62 36,101
35 14 68,951 67,904 0.673 14,075 62 204,812 62 42,471
36 15 71,293 69,013 0.686 15,633 62 227,486 62 50,004
37 16 71,802 70,075 0.700 17,270 62 251,313 62 58,556
38 17 72,311 71,089 0.714 18,988 62 276,303 62 68,241
39 18 72,819 72,056 0.728 20,786 62 302,468 62 79,185
40 19 73,328 72,565 0.743 22,537 62 327,956 62 91,009
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Retirement
age
Annual maximizing
Annual retirement Retirement retirement Retirement
earnings in Final Deflator benefit in wealth as of wealth wealth
constant average (age 55 = constant Normal age | normal age of | discounted to | discounted to

Age YOS dollars salary (FAS) 1.00) dollars (B) of retirement retirement current age current age
41 20 73,632 73,023 0.758 24,350 62 369,254 62 122,043
42 21 73,996 73,444 0.773 26,230 60 397,752 60 139,350
43 22 74,359 73,829 0.788 28,175 60 427,254 60 158,667
44 23 74,722 74177 0.804 30,187 60 457,759 60 180,195
45 24 75,085 74,540 0.820 32,287 60 489,600 60 204,293
46 25 74,566 74,683 0.837 34,370 60 521,196 60 230,526
47 26 74,666 74,760 0.853 36,498 60 553,454 60 259,481
48 27 74,766 74,771 0.871 38,665 60 586,322 60 291,384
49 28 74,866 74,716 0.888 40,869 60 619,745 55 341,790
50 29 74,966 74,816 0.906 43,233 60 655,593 55 410,965
51 30 75,066 74,916 0.924 45,679 60 692,688 55 489,925
52 31 75,166 75,016 0.942 48,210 60 731,068 55 579,769
53 32 75,266 75,116 0.961 50,828 60 770,770 55 681,706
54 33 75,366 75,216 0.980 53,536 60 811,833 55 797,058
55 34 75,466 75,316 1.000 56,337 55 927,278 55 927,278
56 35 75,566 75,416 1.020 57,694 56 879,735 56 879,735
57 36 75,666 75,516 1.040 58,925 57 825,006 57 825,006
58 37 75,766 75,616 1.061 60,184 58 765,763 58 765,763
59 38 75,866 75,716 1.082 61,468 59 701,587 59 701,587
60 39 75,966 75,816 1.104 62,781 60 632,192 60 632,192
61 40 76,066 75,916 1.126 64,121 61 557,277 61 557,277
62 41 76,166 76,016 1.149 65,489 62 476,524 62 476,524
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The final column makes an important connection to the DRM in two ways. In the DRM,
retirement benefits payable in future years are in effect discounted to the current year of the
teacher’s retention decision. As the table shows, if a 41-year old teacher with 20 years of service
were to leave teaching and have no further retirement accumulation, that teacher’s CTPF
retirement wealth would be $369,254 at age 60 (in inflation-adjusted dollars), the normal
retirement age. But the present discounted value of that wealth would be much less, $122,043.
The DRM also assumes optimizing behavior, and as the second-to-right column shows, teachers
aged 49 to 54 and with 28 to 33 years of service would choose to claim benefits at age 55 instead
of at the normal age of 60.

Figure 2.1, based on the table, illustrates the present discounted value of retirement wealth to
current age, assuming benefits are claimed when the present discounted value is highest.

Figure 2.1. Present Discounted Value of Retirement Wealth, by Age

J

$1,000,000

1

$800,000

$600,000 -

$400,000

1

$200,000

$0

An implication of the example is that the present discounted value of retirement wealth is
relatively small—about $21,000 in the 10th year of teaching and $50,000 in the 15th year of
teaching. Therefore, the influence of retirement benefits on teacher retention is likely to be small
in early career years. The influence should be greater among teachers with more experience.
The present discounted value of retirement wealth increases rapidly after age 40 or so in this
example because of increases in two elements of the retirement benefit formula, years of service
and final average salary, and because retirement benefits are discounted for fewer years as the
retirement age approaches. Also, the present discounted values of retirement wealth in the
example depend on the personal discount rate, assumed to be 6 percent. If the rate were higher
the values would be lower.

13
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Recent Trends in the CPS Employment Context

Chicago Public Schools district has undergone governance changes and shifts in school
structure since the 1980s. Following the turmoil and contentious labor relations of the late
1980s, including a 19-day teacher strike in 1987, the Chicago School Reform Act was passed
creating a new local school council governing system.'® Governance was restructured again in
1995 when the Illinois legislature awarded the mayor of Chicago, then Richard M. Daley, the
authority to appoint a CPS management team, including a CEO. The legislation also curtailed
rights of the Chicago Teachers Union (CTU) to bargain over key working conditions. Under the
leadership of CEO Arne Duncan (2001-2009), more than 40 poor-performing and under-attended
schools closed and over a dozen were designated for turnaround. Many turnaround schools were
managed by private organizations following the school action and many new charter schools
opened during this period. School closures, turnarounds, and the expansion of charter schools
continued following Duncan’s term as CEO. In 2012-13, 47 Chicago schools were closed, the
largest number closed in a single year by any district in the nation at that time (de la Torre et al.,
2015). As of August 2014, Chicago had 131 charter schools and nearly 40 percent of high
schools in the district were charter schools.™*

District school closures and turnarounds affect the employment of teachers and their working
conditions. They displace the leadership and the teaching staff at the designated schools.
Teachers who are in schools that are closed can be employed in their students’ new assigned
school if there is an appropriate vacancy and if their performance ratings were high in the
previous year. Teachers in turnaround schools are usually required toreapply for their teaching
positions, but the likelihood of being rehired has not been high. A study of 36 school turnarounds
in Chicago found that only 5 schools reported retaining or rehiring more than 50 percent of the
original teaching staff (de la Torre et al., 2013). Following displacement by school action, the
onus is on the teacher to secure a new position within the district.*?

At the same time, the number of charter schools in Chicago has expanded, further altering the
teaching landscape in the district. Chicago charter schools are public schools but are not
obligated to negotiate with the Chicago Teachers Union or bound by the CTU contract. Thus,
teachers in charter schools do not necessarily receive the same salaries, have the same
employment protections, or face the same working conditions as teachers in the traditional public

10 http://cps.edu/Pages/L SCHistoricalbackground.aspx (accessed August 19, 2015)

11 Authors calculations using publicly available district statistics available at http;//cps.edu/About_CPS/At-a-
glance/Pages/Stats_and_facts.aspx (accessed August 19, 2015).

12 Per the 2012-15 CTU contract, tenured teachers affected by school closure may transfer to the receiving school if their most
recent rating is in the top two performance categories. Tenured teachers laid off due to school actions are assigned to the
reassigned teacher pool for five school months, during which time they will receive priority in being assigned as a substitute
teacher, and will receive full pay and benefits. At the end of five months, the teacher will be assigned to the substitute teacher
Cadre for a period of five months with Cadre pay and benefits. At the end of that time the teacher will be laid off and separated
from employment if a permanent position has not been found. Alternatively, a displaced teacher may choose to resign and receive
three months of pay, rather than enter the reassignment pool. (http://www.ctunet.com/for-members/final-contract-language,
accessed August 19, 2015)
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schools, though they are covered by the same retirement system. The increase in charter schools
may have increased the variation in teacher pay within CPS. Though, teachers at twelve Chicago
charter schools have organized under the Chicago ACTS, which affiliated with the American
Federation of Teachers, like CTU."

The district had 649 schools and a total of 395,948 students in 2012-2013, the latest available
data. This includes 64,260 English language learner (ELL) students and 47,937 students with
individualized education programs (IEPs). There were 22,460 average total teachers (FTE) and
12,603 other staff. Revenue per student was $13,957 and expenditure per student was $14,109."

Following the passage of the No Child Left Behind Act in 2001, school districts have
increasingly focused on assessment of student learning. CPS appears to have made progress in
raising student scores on standardized tests since 2000.> Because research indicates that
working conditions are a factor in teacher retention (see below), teachers who remained in or
joined CPS during this period may have benefited from improved working conditions and
enjoyed greater satisfaction from their accomplishment in raising student achievement.

13 http://chicagoacts.org/local-4343/partner-camuses (accessed August 19, 2015)
4 Source: http://nces.ed.gov/ccd/districtsearch/.

15 The percentage of students with a composite score meeting or exceeding the ISBE 2013 cut score doubled between 2001 and
2014, rising from 23.4 percent to 52.5 percent. The percentage of students in the warning range fell from 32.8 percent to 9.6
percent. The percentages are all relative to the 2013 ISBE cut score. The Illinois State Board of Education also reports these
percentages relative to current-year cut scores (see http://www.isbe.net/assessment/report_card.htm). For CPS the percentage
meeting or exceeding the current-year cut score increased from 2000-01 to 2008-09 but the increase is not as fast as the increase
based on the 2013 cut score, which suggests that the cut score was increasing relative to the ISAT scores. The percentage then
decreased to 2012-13, which suggests a faster increase in the current-year cut score in this period and/or a slower increase in
ISAT scores. Chicago’s increase followed by a decrease may be compared with the statewide ISAT meeting-or-exceeding
percentages. They show a steady increase from 2001 to 2007 followed by a slight increase from 2007 to 2012. [Authors’
tabulations of CPS ISAT percentages and rc-trend-data02-14 from http://www.isbe.net/assessment/report_card.htm.]
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3. Insights from the Teacher Retention Literature

Although our research focuses on the relationship between teacher compensation and
retention over a career, the literature is a rich source of information about a range a factors that
affect teacher retention. The purpose of the literature review is to provide an awareness of these
factors and their effects; even though they are not part of our data and model, they can help us
understand the context in which teachers make their retention decisions and may help us interpret
our results. We discuss teacher compensation, including state pension plans and pay, and their
effects on retention. We then discuss articles on non-compensation school attributes that may
affect retention, including student and school characteristics and mentoring programs, and the
incentives for teachers to change schools within districts. Finally, we address the relationship
between teacher turnover and teacher effectiveness.

Retirement plan incentives and their effect on teacher retention

There has been significant growth in the research on teachers’ retirement plans due both to
the underfunding of teacher retirement plans (Clark, 2012) and to the increased focus on the role
of teachers in education reforms. The research universally concludes that teachers’ defined
benefit retirement plans have particularly strong financial incentives tied to timing of exit from
teaching. Costrell and Podgursky (2009) examine the annual accrual of pension wealth in six
large teacher retirement systems — Ohio, Arkansas, California, Massachusetts, Missouri, and
Texas - for a stylized teacher that enters teaching at age 25 and teaches continuously until exiting
permanently. In all cases, teachers face sharply non-linear pension wealth accrual schedules that
provide large financial incentives to continue working to a specific age or for a certain number of
years in the system. Beyond the age and years of service combination required to obtain the full
benefit, the incentive to continue working falls off dramatically. For example, a teacher that has
worked for 24 years in Arkansas will gain five times her salary in pension wealth if she stays just
one more year to 25 years of service, which is not atypical. More generally, the structure of the
retirement benefit plan dictates these incentives, and teachers that are forward looking can
anticipate the expected gain in retirement wealth from longer retention conditional on the
incentives.

Several studies, using different approaches, examined the relationship between the permanent
financial incentives embedded in the teachers’ defined benefit pension and their retirement
behavior.®® Overall, these studies demonstrate that the retirement timing of teachers aligns with

18 Another strand of literature finds that teachers’ retirement timing is responsive to temporary early retirement
incentives, e.g. Furgeson et al. (2006).
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the financial incentives of their pension plan. Teachers are less likely to retire when the increase
in retirement benefits from additional years of service is large, and are more likely to retire when
the accrual of pension wealth declines, creating spikes in probability of retirement at the early or
full retirement ages under the plan. However, it is not straightforward to compare the magnitude
of the response across studies. The results regarding the importance of pension wealth on
retirement timing are mixed.

Costrell and McGee (2010) apply a reduced-form regression framework to longitudinal
administrative data on teachers in Arkansas to estimate the probability of retirement or
separation in a given year as a function of pension wealth accrual, pension wealth, and earnings,
controlling for age and service. They include two forward-looking pension wealth accrual
measures, the one-year accrual rate and the “peak value,” a measure of the financial option value
of continued work introduced by Coile and Gruber (2007).1" In their estimates, a $10,000
present value increase in the peak value (five-year horizon) is associated with a one-percentage
point decrease in the probability of retirement, and a $10,000 increase in the one-year accrual
rate is associated with a 0.6 percentage point reduction in retirements. However, the negative
association between earnings and retirement dwarfs these effects, and the effect of pension
wealth is an order of magnitude smaller and wrong-signed. The model predicts a sharp increase
in teacher exits when pension wealth peaks.

Brown (2013) examines the response of California teachers to a permanent reform of their
retirement benefits. Using administrative data, the reduced-form analysis leverages the
nonlinearities in benefit accrual and a pension-reform induced shift in the age and service
locations of these nonlinearities to identify the impact of the pension on teachers’ retirement
timing. The results imply that despite the fact that retirements sharply increase around the full-
benefits retirement age, teachers’ retirement timing is not very sensitive to changes in pension
wealth accrual in the short to medium run. The use of a reform in this analysis allows the effect
of the pension financial incentives to be decoupled from other features of the pension program
and any other factors that are aligned with the pension incentives and independently affect
teacher retirement.

The interpretation of the reduced-form and quasi-experimental studies implicitly assume that
individuals are forward looking and are knowledgeable about their retirement benefits,
assumptions that are maintained in the DRM. However, these studies focus on the timing of
retirement and are not well suited to predicting the effect of the defined benefit retirement
program on the teacher retention over the full career. Specifically, they restrict their sample to
near-retirement teachers, and they do not control for selection into the sample based on
unobserved differences in preferences (or “taste”) for teaching over other alternatives. The
responsiveness of novice teachers compared to experienced teachers who are self-selected

Y7 The peak value is maximum possible gain in expected present value of pension wealth that a teacher could earn if he or she
continues working.
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stayers to pension wealth accrual may differ, but these approaches do not allow for this
heterogeneity or include the sample in their estimation. The structure of the DRM, on the other
hand, allows for taste for teaching to vary across teachers and is estimated on a population of
teachers of all experience levels. The estimated model can support policy simulations showing
retirement and retention behavior in response to these incentives.

Ni and Podgursky (2015) also estimate a structural model of teacher retirement making their
study the most closely related to ours. They used administrative data that followed nearly 17,000
Missouri teachers aged 47 to 58 for six years to estimate the “option value” model of Stock and
Wise (1990). The model assumes a constant relative risk aversion utility function, and utility in
a period is a function of the teacher’s income (after contribution to retirement) multiplied by a
parameter that captures the disutility of working, plus an error term reflecting shocks to income.
The disutility-of-working parameter is allowed to change with age, and the model estimates
imply that disutility increases approximately linearly with age over the age range of the sample.
The authors explain that the disutility of work term improves the model fit; Stock and Wise used
a similar term in their work for the same reason. A teacher in period t considers when to retire
and selects the period, typically a future period, that maximizes the expected value of the present
discounted value of utility over the remainder of life. In the form estimated, the error is
autoregressive with a one-period lag, which allows for the persistence of factors in the errors
such as taste for teaching, health status, or family circumstances. The model was estimated for
male and female teachers separately and for the pooled sample. The gender-specific estimates
are similar to the pooled estimates. In the pooled-sample estimates, the personal discount rate
estimate was 3.5 percent. The disutility of work increases with age; at age 55 one dollar of
salary gives the same utility as 70 cents in the retirement benefit, and at age 65 this is 59 cents.
For males, the disutility of teaching increases even faster. The value of utility at age 55 is about
half the size of the shock standard deviation. The estimated model fits the data well, and Ni and
Podgursky use it to simulate the effect of alternative retirement policies such as a shift to a
defined contribution retirement benefit.

As the authors recognize, the Stock-Wise model has limitations. First, unlike the DRM, the
determination of the optimal period to retire does not allow the individual to re-optimize in
future periods depending on the error realizations in those periods. In the DRM, individual’s re-
optimize in each period, taking account of their current state (age, years of experience, and
preference for teaching), teaching and non-teaching pay, the realization of shocks in teaching and
non-teaching, and the discounted expected value of preferred choice (maximum) of either
continuing in teaching for another period or leaving teaching for a non-teaching job, given
possible shock realizations in future periods. Second, like the reduced-form and quasi-
experimental approaches, the model does not control for selection into the sample or during the
six-years over which the sample is followed. In a sample of teachers with nearly 20 years of
experience on average, the average preference for teaching is doubtless higher than for a cohort
at first entry into teaching. The structure of the DRM allows us to capture this selective
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retention. Although teachers’ taste for teaching in the CPS or random shock terms are not
observed, we assume they are distributed according to certain types of probability distributions
and we estimate the distributions’ parameters with data on teacher retention over a career.
Specifically, we assume tastes for teaching in cohorts of new entrants into CPS are normally
distributed and the random shocks have an extreme-value type 1 distribution. With these
distributional assumptions, we can derive expressions for the probability of staying in teaching,
or alternatively, leaving teaching, at each year and use these to obtain an expression for the
probability of a teaching career with n years of service before leaving. We use these career
retention probabilities to construct a likelihood function for estimating the model parameters.

The studies described above estimate the effect of teachers’ retirement benefits on retention
directly. A related study, Fitzpatrick (forthcoming), estimated teachers’ willingness-to-pay for
additional retirement benefits, which is proportional to the influence these benefits have on
retirement and other exit decisions. Following the Illinois pension reform in 1998 that increased
the generosity of the benefits (the same as that described for Chicago teachers in Appendix A),
Illinois teachers had the opportunity to pay a fee to “upgrade” service accrued before the reform
to the more generous new benefit schedule. Overall, for teachers with high years of service—the
sample Fitzpatrick focuses on--between 70 and 78 percent of near-retirement eligible teachers
purchased the upgrade, but the price of the upgrade varied across teachers. Fitzpatrick uses an
instrumental variable strategy to estimate the marginal value a teacher placed on the retirement
benefit. She finds that teachers were willing to pay 19 cents for an additional, present-value
dollar of retirement benefits. Because a present-value dollar of benefits costs a dollar to provide,
the results imply that it is highly cost-ineffective to provide more pension benefits on the margin
to these teachers in comparison to increasing current compensation. Further, the results imply
that these teachers would accept a “buy out” of a portion of pension benefits that would reduce
the pension system liabilities. By the same token, teachers would be more responsive to changes
in current salary than to changes in retirement benefits.

Teacher Pay and Retention

While defined benefit retirement plans create some of the sharpest financial incentives
related to the timing of teacher attrition especially around retirement age, current salary is an
important factor to consider in retention decisions. Teacher retention in a school district is
affected by teachers exiting to teach in another school district and teachers leaving teaching
altogether, so a teacher’s decision will be affected by current teaching salary and the salaries of
other teaching and non-teaching employment opportunities. Past estimates of the effect of
teacher pay on retention are mixed, and seem to depend on the type of retention examined.
However, these studies often focus on salary, excluding other (potentially correlated) forms of
compensation, like retirement benefits, and they do not employ dynamic programming models,
but nevertheless may be relevant for comparing estimates from the DRM.

19



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

Hanushek, Kain, and Rivkin (2004) used student/teacher panel data on Texas public
elementary schools, allowing them to control for student demographic and school characteristics
and permitting before- and after-move comparisons for teachers who switch public schools
within Texas. With respect to our work, the most relevant salary effect estimates come from a
model with controls for district fixed effects and student race/ethnic composition. The salary
effects are statistically insignificant except for male teachers with three to five years of
experience. These salary effects are relative to the probability of changing districts or leaving the
Texas public school entirely, as in our model where the decision is to stay in the Chicago public
school system or leave it for another district or a non-teaching job.®* However, they do find that
a higher base-year salary in a district decreases the teacher’s probability of leaving for another
district, though this tapers with experience.

Hendricks (2015) also uses a panel of teachers in Texas public schools and infers district
salary schedules from administrative data. He considers the effect on teacher hiring and turnover
of starting pay given teacher years of experience; starting pay is higher for a teacher with more
years of experience. Using a specification that includes year, district, experience, district-by-
year, experience-by-year, and experience-by-district fixed effects, he finds that a one-percent
increase in starting salary has the largest effect on hiring rates of teachers with two to three years
of experience, and the effect diminishes as experience increases and becomes insignificant for
teachers with 9-11, 12-15, and 16-19 years of experience. There is no effect on teachers with 0-1
years of experience; Hendricks infers that either these teachers are unresponsive to starting salary
or principals prefer to high experienced candidates. The results on teacher turnover within a
district are similar; turnover is the net increase or decrease in teachers given their experience.

Murnane and Olsen (1990) analyze longitudinal data on 13,890 white teachers who began
their teaching careers in North Carolina public schools during 1975-1984 to estimate the effect of
salary and opportunity cost on teacher retention in the state, where retention is the observed
duration of stay until first absence from North Carolina school districts; moves between North
Carolina districts do not end a teaching spell. Their econometric method allows for right
censored (spells that continue beyond the data window), time-varying covariates (e.g., increases
in teachers’ salaries), and district-level fixed effects. They proxy opportunity cost using
information on the teacher’s subject field or National Teachers Exam (NTE) score, assuming the
opportunity wage increases with the NTE score—and recognizing that the teacher salary
schedule does not depend on NTE score or differ by subject area but does differ across districts.

They find that teachers with higher NTE scores have lower retention, and teachers with
higher salaries have higher retention. Specifically, a $1,000 increase in each step of the salary

18 Hanushek et al. view their salary effect estimates with caution. They suggest that the statistical insignificance of
the salary effects comes from “an inability to identify the true salary effects from year-to-year salary changes. It is
quite plausible that the small year-to-year salary variations provide a noisy measure of the longer-term salary shifts
that would affect decisions to quit or change schools, particularly because base year salary is a noisy representation
of the entire salary structure.”
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schedule (that is, an across-the-board increase of $1,000 in each step), in 1987 dollars,
approximately a 5.6 percent increase, was associated with a two- to three-year increase in median
length of stay for a teacher starting in 1975. There is evidence that this effect is weakened when
there are fewer opportunities to move between schools and districts and for teachers with higher
NTE scores. Finally, the impact of salary is less when district fixed effects are removed from the
model. This suggests that salary differences between schools are in part a compensating
differential, where schools with less attractive features tend to pay higher salaries. District fixed
effects control for these unobserved differences. Also, there is some interaction between salary
and test score: although higher salary increases retention, this effect is somewhat weaker for
teachers with NTE scores in the top quartile.

Stinebrickner (1998) takes the broadest view of retention and employs data from the National
Longitudinal Sample of the Class of 1972 (NLS72) and subsequent waves to estimate hazard
models of teacher retention in the occupation. The estimation sample comprised 341 individuals
who by 1986 had been certified to teach and who provided a teaching work history. About 50
percent of the sample had teaching spells lasting more than four years. A one-standard deviation
increase in weekly wage increased the probability of staying in teaching more than five years by
9 percent. The average weekly wage was $162 and a one-standard-deviation higher wage was
$228, or 40 percent higher.

Related, Chingos and West (2012) analyze the earnings of Florida public school teachers
who leave the classroom and find that these leavers earn no more in their new positions. They
find that the majority of these teachers continue to be employed by public school districts.
However, compared with teaching earnings, the median earnings of those no longer teaching are
$9,584 lower for K-8 teachers and $5,827 lower for 9-12 teachers. However, there is significant
heterogeneity. The decrease in earnings is much greater for females, and teachers with higher
value-added measures earn more after leaving. Further, these estimates are unconditional, that
is, they do not control for whether the teacher works full time or part time. The percentage of all
exiting teachers for whom earnings data are available is 74 percent—in other words, it seems that
about a quarter of leavers do not work. The results from a weighted regression, where the
weights are the estimated probability of working full time, show much less earnings change but
do not erase the losses: a decrease of $2,291 for K-8 and a gain of $267 for 9-12 for males and
females pooled, and decreases of $3,118 for K-8 and $460 for 9-12 for females alone.

For many leavers the utility of less/no work and lower/no earnings exceeds the utility of
teaching as well as the utility of full-time work as a non-teacher. This may be a matter of
personal preference, but it also seems likely that external opportunities differ among teachers
depending on their field and ability and on the transferability of their teaching human capital.
The external wage of many leavers may be low, which is consistent with the idea that teacher
training and skills are not general human capital that may be transferred into any other job. In
this case, a leaver, faced with a choice set of low wage jobs, may choose to work part time or not
at all.
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Teacher Retention and School Attributes

Several studies provide evidence that school characteristics, particularly those linked to
working conditions, impact teacher retention. Hanushek, Kain, and Rivkin (2004) find that
teacher movement between schools or exit from teaching is far more strongly related to student
characteristics, especially race and achievement, than to salary. In their Texas public school
data, salaries increase on average by (only) 0.5 percent when a teacher moves from one district to
another, whereas there is a larger percentage change in measures related to race and
achievement. “...teachers systematically favor higher achieving, nonminority, non low-income
students.” For the average mover from one district to another, district average achievement is
about 0.07 standard deviations higher in the destination district than in the origin district, which
is three percentile points higher on the state distribution. Teachers in a school at the bottom
achievement quartile are more likely to leave than those in the top quartile—almost 20 percent of
teachers in the bottom quartile schools leave each year compared with slightly more than 15
percent in the top quartile schools—and much of this reflects transfers to another school in the
same district.

This finding may have implications for our analysis. Chicago is a large school district, and
teachers can transfer between schools depending on openings. Longer-serving teachers in
Chicago public schools may have transferred from one school to another one or more times
during their teaching career. Because transfers occur over a career, retention and movement up
the salary schedule may be correlated with utility-increasing moves, and not controlling for
student achievement, or, more broadly, school fixed effects, might cause an upward bias in our
estimates of teachers’ mean taste for teaching in Chicago.

Loeb, Darling-Hammond, and Luczak (2009) have a complementary finding based on
California teacher survey data linked to district data on salaries and staffing patterns and
demographic factors. Their objective is to use the survey data to parse out the influence of salary
and working conditions apart from school-level student characteristics (e.g., achievement,
proportion of low-income students, racial composition). The study finds that lower salaries and
working conditions including large class size, facilities problems, multi-track schools, and lack
of textbooks, predict higher teacher turnover. Accounting for these conditions decreases the
influence of student characteristics. However, the study does not use actual measures of teacher
turnover but employs survey responses on whether teachers report their school has a serious
problem with teacher turnover, vacancies are hard to fill, and on the proportion of beginning
teachers in the school.

Schools have also introduced induction and mentoring programs that provide starting
teachers with support and orientation to help them learn about their new, local environment, with
the objective of improving their classroom teaching practices and increasing their retention. The
use of induction and mentoring grew rapidly in the 1990s. Two-fifths of new teachers received
induction assistance in 1990, and nearly four-fifths received it in 2000 (Ingersoll and Smith
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2004). In turn, this should improve their effectiveness as teachers, resulting in higher student
achievement, and decrease the turnover-related turbulence faced by students because their
teachers are less likely to leave. Ingersoll and Strong (2011) critically reviewed the research on
these programs. They screened the literature and selected 15 empirical studies. Many of the
non-selected studies were based only on outcomes from participants in the programs, while those
included in the study had outcome data from both participants and non-participants. Most of
these studies found a positive impact of induction and mentoring on teacher retention,
instructional practices, and student achievement. However, a large randomized controlled trial
(RCT) of induction in a sample of large, urban, low-income schools found no effect on retention
or classroom practices, though some positive effects on student achievement. The authors
suggest that because the control group in the RCT followed their usual practices of induction,
which might have been similar to the induction treatment, the treatment might have had little
effect relative to the control.

One of the studies reviewed by Ingersoll and Strong concerned induction programs in
Chicago Public Schools, by Kapadia, Coca, and Easton (2007). Even though all teachers were
supposed to receive induction, 20 percent reported that they were not in a formal induction
program. Regression estimates showed no statistically significant difference in outcomes
between those reporting none versus those reporting induction, after controlling for teacher,
classroom, and school factors. The outcomes were self-reported and included how positive was
a teacher’s first year on the job and the teacher’s intentions to stay in teaching and stay in the
same school. The level of induction and mentoring was divided into three groups, weak,
average, and strong, and of teachers receiving induction, those receiving strong induction had
better outcomes on all three measures.

Further, the Kapadia et al. study found that novice teachers were assigned more demanding
classrooms than non-novice teachers. A higher percentage of students were below norms in
reading and in math, and the median reading and math percentiles were lower. For instance, the
percentage of student in class who were below norms in reading was 71 percent for novice
teachers and 62 percent for non-novice teachers, and the median reading percentile of the class
was 36 for novice teachers and 41 for non-novice teachers.

Teacher Retention by Teacher Effectiveness

Ronfeldt, Loeb, and Wyckoff (2012) find that teacher turnover has a negative effect on
student achievement, and this is not confined to classrooms where the teacher left but extends to
students whose teachers have remained in the school. These adverse effects are more
pronounced in schools with higher proportions of low-performing and African-American
students. The estimates suggest that the teachers’ prior effectiveness explains some of this effect,
i.e., relatively more high performing teachers were likely to leave the schools with higher
proportions of low-performing and African-American students.
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However, Boyd et al. (2011), Feng and Sass (2011), Goldhaber, Gross, and Player (2011) and
Hanushek, Kain, and Rivkin (2004) find that teachers who are more effective in teaching their
students are more likely to stay. Goldhaber, Gross and Player, for instance, find that teachers
with higher value-added are more likely to stay at their initial school and to remain in the
teaching profession, but there is heterogeneity in teacher mobility across the value added
distribution. Papay et al. (2015) find that more effective teachers are more likely to remain in
their districts and their schools. Their measure of teacher effectiveness comes from a value-
added model producing an empirical Bayes estimate of a teacher’s effectiveness based on the
first two years of teaching. The results vary across districts, as was the case with retention in
general. But Steele et al. (2015) find teacher outflow from schools to be neutral with respect to
the teacher’s value added—schools with higher turnover are not disproportionately losing their
best teachers. Even so, Steele et al. (2015) also report disparities across schools within a district
with respect to teachers’ qualifications and value-added.™

Koedel et al. (2013) examines the link between teachers’ pension incentives and workforce
quality in Missouri. They test whether the structure of the retirement benefits incentivizes highly
effective teachers to prolong their careers and/or encourages teachers that are less effective to
exit. Using student-level panel data from Missouri, this study finds no evidence that teachers
that seem to be “retained” by the pension financial incentives improve student achievement more
(as measured by value-added) than teachers that appear to be “pushed-out” of teaching by the
pension financial incentives. However, the sample size and specification used in the analysis
results in a test for identifying effectiveness that has low statistical power, so large differences in
effectiveness are not ruled out. Also, there is no clear counterfactual, which makes it difficult to
know if the pension is better at retaining effective teachers or maintaining an effective workforce
than an alternative retirement system. Finally, although this paper controls for students’ previous
achievement, retirement may be endogenous to student performance or to other factors that affect
student performance.

Fitzpatrick and Lovenheim (2014) and Brown (2014) both examine the effect of retirements
induced by pension reforms on student achievement. Fitzpatrick and Lovenheim examine the
effect of a temporary retirement incentive in Illinois in the mid-1990s. This incentive allowed
teachers to purchase an extra five years of age and experience to be counted as creditable service
for calculating their retirement benefit, conditional on immediate retirement. This incentive was
most generous for highly experienced teachers, and approximately 10 percent of teachers left
Ilinois public school systems in the two-year time span during which the incentive was in place.
Based on this relationship between teaching experience and take-up of the early retirement

19 «“Compared to a student whose school is in the lowest quartile of minority enrollment, a student who attends a school in the
highest quartile has access to teachers with about three years less experience, about a 10 percentage-point higher chance of being
a novice, about a 10 percentage-point lower chance of having an advanced degree, and about a 6 percentage-point lower chance
of having attended a competitive college. Perhaps more importantly, the student has access to teachers whose value-added is
about 11% of a student-level standard deviation lower than those of his peers in the lowest minority enrollment quartile. These
are meaningful differences that seem likely to exacerbate racial/ethnic achievement gaps.”
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incentive, the authors define treatment at the school-grade level as the number of teachers with
more than 15 years of experience in that school-grade (as measured pre-incentive) and use a
difference-in-difference estimation approach. The results indicate that there was no reduction in
the test scores of students entering school-grades that had more incentive-induced retirements.

Brown (2014) uses a similar approach and examines the effect of retirements on student
achievement in California. An unexpected pension reform in the late 1990s permanently
increased the retirement benefits of teachers over age 60 and with 30 or more years of service by
as much as 20 percent overnight, providing an incentive for this set of highly experienced
teachers to retire earlier than planned. The instrumental variable results imply that pension-
induced teacher retirements had a positive effect on student achievement. Together these
findings suggest that the retirement timing of less effective teachers is more responsive to
unexpected increases in pension benefits.

Mansfield (2015) uses administrative data from North Carolina public high schools to
analyze whether the allocation of teachers within and across the schools affects student test
scores. He finds that teaching quality is “fairly equitably distributed” in the sense that average
teacher quality explains a small fraction of performance gaps across schools. Mansfield suggests
several reasons why the distribution of teacher quality is not greatly different across schools:
teachers within a district all face the same salary schedule; teachers and schools might have
inadequate information about teacher quality/school quality at the time of hiring, and it is
difficult for administrators to fire underperforming teachers; teachers may have diverse
preferences regarding what they like in a school; and teachers are hired by districts, not schools,
and transfers between schools may reflect the preferences of administrators more than those of
teachers. But within a school, the variation in teacher quality does affect test score variance. A
student having a teacher who is one standard deviation above average (measured by value added)
can expect a higher test score, enough for the average student to move from the 50" to the 57"
percentile of the state test score distribution. Still, over the course of high school a student will
have teachers above and below average quality, on net causing only a small difference in the
student’s overall test score performance.

Conclusion

The literature on teachers is vast, and indeed there are journals devoted to education research
as well as to the economics of education, education finance, human resources, and more. The
articles we have discussed are an introduction to the literature, and although our review is by no
means comprehensive, it touches on many key issues and findings related to our analysis.
Perhaps the broadest insight from the literature with respect to this paper lies in the absence of
any article applying a dynamic programming framework to teacher retention. The closest work
is the structural model of Ni and Podgursky, and we are in full agreement with their observation
that the structural literature on pensions and the timing of retirement has not extended to
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teachers. Further, the literature on teacher retention focuses primarily on factors related to
turnover, e.g., school and student characteristics, teacher qualification and productivity, and
current pay. As important as these factors are, the models are not well suited to support
counterfactual policy analysis to predict the effect on teacher retention of changes in the
retirement benefit system or the level and structure of current compensation, or to calculate the
cost of such changes. We therefore conclude that the DRM, with its capability to model teacher
retention over an entire career and support simulations showing the retention effects and cost of
counterfactual policies, can be a useful addition to the literature.
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4. A Dynamic Retention Model of Chicago Public School Teacher
Retention

The dynamic programming approach has been used in recent years in economics and
management”® and more extensively in defense manpower to analyze retention of active- and
reserve-component military personnel and Department of Defense civil service employees.??*%
To the best of our knowledge it has not been used to analyze and assess compensation policies
for public school teachers.?* This chapter describes a dynamic retention model (DRM) of CPS
teachers. It begins with the theoretical DRM for teachers. The estimation methodology is then
described. Model estimates and fit are presented in Chapter 6, while Chapter 5 discusses the
sample and teacher and non-teacher wage profiles.

A Dynamic Retention Model of Chicago Public School Teacher Retention

The DRM is an econometric model of retention behavior. In it, employees make retention
decisions each year over their career with a given employer. The model assumes that these
employees are rational and forward-looking, taking into account their expected future earnings
from the employer, as well as their own preference for employment with that employer, and
uncertainty about future events that could cause them to value their current service more or less,
relative to their external opportunities. Once the parameters of the underlying decision process,
described below, are estimated, we can use these estimates to simulate the baseline retention
profile of an entry cohort of CPS teachers, as well as the retention profile under alternative
compensation policies, such as changes to the retirement system. By appropriately scaling the
results, we can make inferences about the effect of those policies on the size of the workforce
that is retained and the required number of additional hires needed to sustain the workforce
should it decrease. While we do not explicitly model hiring, the effect of the policy on the
required number of hires is completely determined by the change in retention.

20 See, for example, Hotz and Miller (1993), Rust (1994), Keane and Wolpin (1997), and Aguirregabiria and Mira (2010), Bajari,
Benkard, and Levin (2007), Van der Klaauw (2012), and Borkovsky, Doraszelski, and Kryukov (2012).

2 gee, for example, Asch, Hosek, and Mattock (2013), Asch et al. (2008), Mattock, Hosek, and Asch (2012), Mattock and Arkes
(2007), and Gotz and McCall (1984).

22 The first recorded application of this methodology was a study of U.S. Air Force officer retention in Gotz and McCall (1984),
as acknowledged in Rust (1994).

23 See Asch et al. 2014.

* As mentioned in Chapter 3, Ni and Podgursky (2015) used a Stock-Wise style model. Although this model selects an optimal
exit date as of the information available in the initial period (age) at which the individual is observed, it does not permit re-
optimization in each future period and therefore differs from a stochastic dynamic programming model such as we use.
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A basic version of the DRM used in the military context is the foundation of the DRM we
develop for teachers. This basic version has been described in a number of past studies (see, for
example, Mattock and Arkes (2007)) but has not been described in the context of the public
school teachers, so we explain it in some detail here for readers who are unfamiliar with those
other studies. The discussion gives a broad overview, followed by the technical details of the
model. The basic version models teacher retention from the start of employees’ careers as
teachers in the CPS, or “new entrants.” While we did not model the decision of whether to or
when to enter the CPS as a teacher, employees in the model can become CPS teachers for the
first time at any age. But in the estimation we focus on the subset of teachers in our data that
entered CPS between the ages of 22 and 30. These teachers are largely at the outset of their
career as a teacher, whereas teachers that enter CPS at a later age might have begun teaching
earlier in a different school district or perhaps decided to become a teacher after having
experience in a different occupational path. The teachers that enter at a later age might therefore
be a differently selected population.

We extended this basic model so that it is suitable for a mixed sample of teachers that
consists of new entrant teachers as well as incumbent teachers at a point in time. The included
incumbent teachers are the subset of teachers that were new entrants when they entered CPS as
teachers in an earlier year and were between the ages of 22 and 30 at entry. The advantage of the
mixed sample is that a significant fraction of the incumbent teachers reach the retirement
window in the period covered by the data. In contrast, the vast majority of teachers in the new
entrant sample do not reach the retirement window in the period covered by the data—they are
not followed long enough—~hence their retirement behavior cannot be observed.

Each year, the individual compares the value of continuing to be a CPS teacher with that of
leaving and bases his or her decision on which alternative has the maximum value. In the basic
DRM, we model teacher retention up to their first departure from teaching in the CPS.?
Individuals who stay can revisit the choice between teaching in the CPS and external
opportunities in each future period until either retirement from the labor force, which is
presumed to be at age 66, or retirement from CPS, which for many teachers is at 34 years of
service when retirement benefits attain their maximum value. All of these decisions will depend
on the employee’s unique circumstances at a given point in time. Those circumstances include
an individual’s preference for teaching in the CPS relative to external opportunities and random
events that may affect their relative preference.

In the model, the value of staying depends on the annual teacher earnings in each time
period. Annual earnings depend on years of service in the CPS. A teacher who began her career
at an older age would have the same pay as her younger counterparts with the same cumulative

2 However, some teachers that leave might reenter at a later date. The DRM structure can be adapted to handle this
and it is a possible topic for future research. Also, teachers may take authorized leave from the CPS. If the
observed time away from CPS was two years or less before the teacher again appears in the data, we assumed the
leave was authorized.
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years of service. The value of staying also depends on the individual’s preference for teaching in
the CPS relative to the external market (his or her “taste” for teaching in the CPS) and a period-
and individual-specific environmental disturbance term (or shock) that can either positively or
negatively affect the value placed on teaching in that period. For example, having an ailing
family member who requires assistance with home care could be such a shock. The taste for
teaching is assumed to be constant over time for a given individual and can be thought of as the
net effect of idiosyncratic, persistent differences related to the individual’s perceived value of
working in the CPS relative to the external market. The net effect includes all nonmonetary and
monetary factors the individual perceives as relevant to teaching in the CPS over and above
monetary factors included in the model. These factors might include an interest in reaching
children during their formative years, positive and negative aspects the individual perceives
about teaching in the CPS (e.g., hours of work, paid leave, an annual schedule centered on the
academic calendar), and persistent differences in CPS teacher and private-sector earnings apart
from the differences accounted for in the model. As mentioned, we use a single curve to
represent teacher salary and external salary by age. But an individual might believe his or her
teacher and external salaries are persistently higher or lower than those curves. The net effect of
these perceived differences would enter into taste. Another way of describing taste, then, is as a
person-specific fixed effect.

The model assumes that the teacher’s mandatory 2% contribution from her salary (discussed
in section 2) to her CTPF pension shifts her permanent taste for teaching. Alternatively, it could
have been modeled as a reduction to the teacher’s salary of 2%. Since the contribution is
mandatory for all teachers, whether the pension is applied to the salary directly or indirectly
through a shift in the taste distribution, the effect on the probability of a teacher staying in CPS
are similar.?

Individuals are heterogeneous with respect to their tastes for teaching in the CPS, i.e., their
tastes differ. As we discuss below, we as analysts do not directly observe these tastes, but we
assume they are distributed according to a known type of probability distribution but with
unknown parameters. A goal of the estimation process is to estimate these parameters.

The value of staying as a CPS teacher also includes the value of the option to leave at a later
date. That is, the individual knows that he or she can revisit and re-optimize the decision to stay
or leave in each future period. Of course, the future is uncertain, so the value of being able to

26 The shift in taste is a level shift, whereas the actual amount is a percentage reduction. Because the mean taste is
identified off of a teacher’s willingness to remain in CPS, conditional on other observed factors, the exclusion of the
contribution from the salary may bias the taste for teaching upward in early years of service and downward in later
years of service. Teachers with greater years of service will pay higher contribution levels. As a result, the model as
specified will assume greater than realized salary for a given level of taste. To compensate for this misspecification,
the estimation procedure will produce a lower estimate for mean taste for individual with greater years of service.
We expect the ultimate effect for this misspecification to be small since teacher contributions range from $906 in
year of service 1 to $1,772 in year of service 30, whereas the mean taste is estimated to be greater than $22,820 (see
figure 6.2), making the ultimate impact of the misspecification small.
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choose to stay or leave in the future is expressed as the discounted present value of an expected
value. Individuals may re-optimize, and might change their decision in the future because new
information, e.g., a new shock, makes it reasonable to do so or because the discounted expected
value of future benefits of leaving becomes greater relative to the benefits of staying.
Importantly, choices made today can affect the value of choices in the future. A teacher who
chooses to stay in the CPS today adds a year of service, moving closer to retirement eligibility
and increasing retirement benefits, thereby influencing the value of choosing teaching in CPS in
the future. Similarly, past choices can affect the value of current and future choices.

The value of leaving includes the value of the external alternative, which includes pay in the
external market (or the forgone value of pay if the individual decides not to stay in the labor
market), any CPS retirement benefits the individual is entitled to receive, and an individual- and
period-specific shock term that can either positively or negatively affect preference for the
external alternative.?” Pay in the external market varies with age, with those entering CPS at
older ages having higher external pay opportunities. Entry age can also affect how soon CPS
retirement benefits are available to an entering individual.

An individual who leaves CPS might remain in teaching, obtain work in a different
occupation, work full- or part-time, or leave the labor force. In the current analysis, we use the
earnings of full-time non-teachers in the Chicago metropolitan area to represent external
earnings.

More formally, we can write the value of staying a CPS teacher for an individual of age a at
timetis

Vdsjt =y°+wi + BE, [Max(vcf+1,t+1' VaL+1,t+1)] + &f (4.1)

where

V2, is the value of staying a teacher in CPS at age a and time t

y ¢ is individual taste for CPS teaching relative to the external market

wy¢ is CPS teacher annual earnings at time t (and experience in CPS is also t)

B is the teacher’s personal discount factor

Viai1¢4+1 IS the value of staying as a teacher in CPS atage a + 1 and time t + 1

Vii1.e41 18 the value of leaving teaching in CPS at age a + 1 and time t + 1, defined in
Equation 2.2

E[Max(V3yqe41, Vi1 c41)] is the expected value of having the option to choose to stay
or leave in the next period

&f is the random shock to CPS teacher employment at time t.

%" \We also considered including the potential Social Security benefit, but for reasons we discuss in Chapter 6, we
chose to omit it in the final analysis.
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Similarly, the value of leaving teaching in CPS at age a and time t is
Vie = wg + Xicar1 BS7OWS + RG, + &f (4.2)

where

V£, is the value of leaving CPS teaching at age a and time t

w¢ is annual earnings in the external market at age a plus retirement benefits that will
accrue to the public school teacher in the external market from a until A

>4 ..1 85 *w¢ is the present value of future external market earnings

Rg ; is the retirement benefit accrued as a result of teaching in CPS for an individual
leaving at age a and time t with total service as a teacher in CPS t (exclusive of any
benefit accrued from work in the external market; if the individual cannot collect CPS
due to their age, this is the present value of the retirement benefit)

¢ 1s the random shock to external employment at time t.

Consistent with policy, equation 4.2 assumes that to claim CPS teacher retirement benefits,
the individual must have left CPS.

An individual decides to continue teaching in CPS at age a and time t if the value of staying
IS greater than the value of leaving, or

Stay at age a and time ¢ if V5, = max( V5, VE,)
Thus, the probability of staying a teacher in CPS at age a at time t is
Pra.(Stay) = Pr( V5, > Vi) =Pr(E(VS,) —E(VE) > ef — &f) (4.3)

Referring back to Equations 4.1 and 4.2, we see that the current wage enters the value
function linearly and has a coefficient of one. However, the decision to stay depends not only on
the current wage but also on the value of the entire value function, which also incorporates taste,
current shock, and the expected value of the maximum in the next period. Although the model’s
structure may seem simple because the current wage enters additively, it is in fact complex, and
the stay/leave decision depends on a full assessment of current and future opportunities. As
shown below, the model fits teacher retention data well.

More-complex model specifications have been used in other work. For instance, dynamic
programming has been applied to analyze retirement decisions and full- versus part-time work
choices (van der Klaauw and Wolpin, 2008). Such models use a period-specific utility function,
and the objective is to maximize intertemporal utility subject to initial assets, saving behavior,
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and the retirement system, e.g., Social Security. Such specifications are potentially useful for
analyzing teacher retention, but available data limit what can be done. Data on spouse earnings,
full- versus part-time work, savings, wealth, and the timing of retirement are absent, for example.
Stated differently, our value-function specification can be thought of as a particular form of
utility function in which current utility depends additively on the current wage, taste, and shock,
plus the discounted expected value of following the best path in the next period.

We do not observe individuals’ tastes for teaching in the CPS or random shock terms.
Instead, we assume they are each distributed according to known types of probability
distributions with unknown parameters that we estimate using available data. Specifically, we
assume individuals’ tastes for teaching in CPS are normally distributed and the random shocks
have an extreme-value type 1 distribution. Given these distributional assumptions, we can derive
choice probabilities for each alternative at each decision year and the cumulative choice
probabilities or survival probabilities for an entering cohort at each decision year and then write
an appropriate likelihood equation to estimate the parameters of the model. These include the
standard deviation of the probability distribution for the shock terms, the mean and standard
deviation for the distribution of taste for teaching in the CPS for new-entrant teachers at entry,
and the discount factor.

We next present the choice probabilities, the cumulative retention probabilities, and the
likelihood equation. The extreme-value distribution, EV[a, b], has the form exp(—exp((a —

x)/b)) with a mean of a + bI" and a variance of 72b? /6 (or a standard deviation of :;—g ~

1.28b), where T is Euler’s Gamma (approximately 0.577), a is the location parameter, and b is
the scale parameter. We assume the shock terms have a zero mean and scale A, implying that
they have the extreme-value distribution EV[—T'A, 1], i.e., a = —T'Aand b = A. Since both &f
and &f have an extreme-value distribution, the difference ef — &f in Equation 2.3 is known to
have a logistic distribution. With this information, the expected value of the maximum of
Vi1 ee1 and VE, o ¢4 can be written as

Et[Max(Vasﬂ,tﬂ'VaL+1,t+1)] =j Max(V(fﬂ,tH, VaL+1,t+1)d5tcd5te =

Vg+1,t+1 V]&+1,t+1
Alnle” 2 +e 2 (4.4)
Consequently, we can write the expected value of V;, as
s V§1+1,t+1 Vasite
E[Vi ] =v+wf+pAnle” 2 +e 2z (4.5)
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Thus, we have an explicit expression for the value function, given (unobserved to the analyst)
taste for teaching in CPS, y¢. (Later in this subsection, we describe how we handle unobserved
tastes by integrating out this source of heterogeneity.) Given Equation 2.5, we can write the
probability that a teacher chooses to stay at age a and time t as

Va,t

e
Pro (Stay) = —s——
’ Vatr Vat

e 1 +e 4

(4.6)

The probability of leaving at age a and time tis 1 — Pr, .(Stay).
Given these probabilities, we can write the cumulative probability that a CPS teacher
entering at time 1 with age a will stay through t as

cumulativePr(Stay)q s = [15=1 Prays—1s(Stay) 4.7)

The cumulative probability that a CPS teacher who enters at age a stays for t — 1 years and leaves
attis

cumulativePr(Leave), = [1:21 Pryys—1s(Stay)(1 — Proye—1.(Stay))  (4.8)
These probabilities are conditioned on the unobserved taste parameter, y¢, since the value of
staying, V;°, depends on y¢. As mentioned, we assume the taste parameter has a normal
distribution g (y¢) with mean u and standard deviation . We use this information to formulate
the expected cumulative probability of a given career path, or the likelihood of that path. Thus,

for a teacher in our data who enters teaching at age a, stays through t — 1 and leaves at t, the
likelihood of that career path is

['i(.ur o, /1' ﬁ) = f_oooo Hg;i Pra+s—1,s(5tay)(1 - Pra+t—1,t(5tay)) g(yc)dyc (49)

The subscript i in £; denotes the ith teacher in our data. Similarly, if the individual stays through
t and is then censored, the likelihood is

Li(1,0,2,B) = [, [Tzt Prass—1,5(Stay) g(r)dy* (4.10)
Thus, the likelihood for the entire data sample, N, is given by

L(,Ll, O',ﬂ.,ﬂ) = ?’:1[’1'(.“' o, /LIB) (411)
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The discussion so far has been relevant to a population observed at entry into teaching in
CPS and assumes that members of the population are represented by the same taste distribution.
Extending the DRM to incumbent teachers recognizes that their taste distribution is conditional
on having taught for some years. In our particular extension, we want to add incumbent teachers
present in the first year of our sample who joined CPS as a new entrant in an earlier year, and we
maintain the assumption that their taste distribution at entry was the same as the taste distribution
of current new entrants.®® Under this assumption, we can express their conditional taste
distribution in terms of the new entrant taste distribution and the cumulative probability of
individuals with a given taste staying in CPS until the year of service when they are first
observed, and this will allow us to incorporate incumbent teachers into our sample and likelihood
function.

The density of taste, y¢, in year of service t conditional on staying continuously from year of
serviceonetot —11is

P(Yels1, 52, s Se—1) = D(YE, 51,525 s S—1) /P (51, S25 -0 s Sp—1)

= p(le S25 ey St—llyc)g(yc)/p(sb S25 0y St—l)

Here, p(sy, s, ..., S¢—1]Y°) is the probability that a teacher stays continuously for t — 1 years of
service given a particular value of taste drawn at the start of work as a teacher in CPS, that is, as
a new entrant, and the density of taste for new entrants is g(y¢). (We use “s” instead of “Stay”
for a more compact format.) The denominator, p(sy, S, .-, S¢—1), 1S the probability of staying for
t — 1 years of service continuously averaged over all values of taste, that is, taste is integrated
out.

The DRM is a first-order Markov process, hence the probability of staying in year t — 1
given that one has stayed continuously from year one to t — 2 is just the probability of staying in
t — 1 given staying in t — 2. The prior history is fully accounted by the teacher’s state int — 1,
which is defined by years of service at that time, age, and taste. Let p(s;_,) be the probability of
staying in t — 2; the “t — 2” is not shown. With this notation,

D(S1,52, s Se—1 Y)Y ) = P(Secaly)p(Se=2Y€) . 0(S11lY)g(¥©)

Moreover, since the particular taste is drawn from the new entrant taste distribution, a fuller
statement of the same expression includes the mean and standard deviation of that distribution:

%8 This is potentially testable for large enough sample sizes. The test would be whether the taste parameters,
namely, the mean and standard deviation of taste, are statistically equal across the entry cohorts. This is beyond the
scope of our current work.
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P(Se—11YS 1, OIP(Se—21YS 1, 0) .. p(s1|YS 1, 0) g(¥S; 1, o)

Each of the stay probabilities on the right-hand side has the form shown in Equation 4.6. Thus,
for given values of u and o, we can compute the stay probabilities and the taste density at y°.

Finally, the probability shown can be interpreted as the probability of observing an
incumbent teacher as of a given calendar year. For example, consider incumbent teachers in
1992. Again, the incumbent teachers we are interested in are those who were CPS new entrants
in an earlier calendar year, were aged 22 to 30 when they entered, and stayed continuously to the
current calendar year. A teacher in year of service 20 in 1992 had her first year of service in
1973. The probability of observing this teacher as of 1992 is

f_ (S10l¥ P (s18lY°) - D(51lY)g(¥)dy©

Probability expressions for retention decisions in years from 1992 forward can be appended to
this probability to obtain a full probability expression for the individual’s career retention in
CPS, and the full expression (divided by a normalizing constant — the cumulative probability of
survival over all tastes until year of service 20) can be included in the likelihood function.

Estimation

The parameters we estimated include the mean and standard deviation of the taste
distribution, the location parameter of the shock distribution, and the discount factor. We also
estimated an adjustment to mean taste in the early years of the teaching career, as discussed in
Chapter 6. We emphasize that the model was estimated from actual data and is not calibrated.
Calibration would select parameter values from a sequence of guesses that depend on model fit
under prior guesses, whereas estimation finds the parameters that simultaneously maximize the
model’s fit to the data and provides standard errors of the estimates by which to judge their
statistical significance.

The model’s parameters were estimated by maximum likelihood, where Equation 4.11 gives
the likelihood function. Optimization is done using the BFGS (Broyden-Fletcher-Goldfarb-
Shanno) algorithm, a standard hill-climbing method. Standard errors of the estimates were
computed by numerically differentiating the likelihood function at the maximum point to yield a
Hessian matrix, and then by taking the square root of the absolute value of the diagonal of the
inverse of this Hessian matrix.

To compute the likelihood function in Equation 4.11, it is necessary to evaluate the integral
in £;, i.e., to integrate out the unobserved heterogeneity in taste for teaching employment in CPS.
We did this by computing the average over a set of 23 points sampled from the current trial
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population distribution of taste.”® For each sample taste, the dynamic program was solved for
each individual, and the likelihood value for that individual was computed. We integrated over
the distribution of tastes by taking the average of the likelihoods over the 23 sample points.

The process of estimation tries different trial values of the parameters until the career
likelihoods are maximized for the sample of teachers used. While this is the standard approach
in maximume-likelihood estimation, the computational burden associated with the DRM occurs
because for each trial set of parameters, the dynamic programming problem has to be re-solved
for all periods for all 23 draws of taste. Then, given the new solution, the choice probabilities
are updated, and the likelihood function is reevaluated to determine whether the fit has improved
and in what direction the next trial parameters should be changed to improve it in the next
iteration. Re-solving the dynamic program requires extensive computation for each individual in
the data, but this can be handled by most personal computers.

To judge goodness of fit, we used the parameter estimates to simulate retention rates by year
of service of teachers and compared those rates to the actual data. We show goodness-of-fit
diagrams in Chapter 6 when we present the model parameter estimates.

Conclusion

The DRM developed in this chapter is an adaptation of the military DRM to the education
setting. Although teaching and military service are very different, many features of the
compensation systems in the two settings are similar and the DRM is flexible enough to capture
key factors that enter teachers’ retention decisions. The model incorporates the financial
incentives associated with the lifetime stream of salary income and future retirement benefits
associated with teaching. A model of retention in which teachers could respond to only current
period income would miss the potential effects of retirement benefits, a large component of
teachers’ compensation, on retention earlier in the career. The model also incorporates a “taste”
for teaching in CPS, recognizing that teachers’ decisions to continue teaching in Chicago may be
determined in part by a preference for teaching over other occupations, the working conditions in
their schools, or other non-pecuniary benefits associated with teaching. In the following chapters,
we discuss the data inputs necessary to estimate the model and then discuss the model estimates
and evaluate the simulation results.

29 \We constructed the sample of by scaling a 23-point standard normal Halton sequence using the trial values of the
population mean and standard deviation of taste.
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5. Chicago Teacher Retention Data and Teacher and Non-
Teacher Wage Profiles

Chicago Teacher Retention Data

Data on Chicago Public School teachers come from the Teacher Service Record (TSR)
database of the Illinois State Board of Education (ISBE). The TSR data contain annual school-
year censuses of public school teachers for the years 1979 to 2012. The data include a unique
identifier for each teacher, which allows us to create a teacher-level retention profile for each
teacher. We use the data to identify entering cohorts of teachers and observe teacher age, total
creditable years of service, breaks in service, salary, and exit from teaching in Chicago. With the
data we can determine eligibility for future retirement benefits and benefit level, conditional on
the retention paths a teacher might choose given her current state as defined by age, years of
service, and personal preference for teaching. Although we focus on teacher retention in
Chicago, the TSR data include additional variables that could be useful in future work, for
instance, the teacher’s level of education, the school at which a teacher is working, and whether,
after leaving the Chicago system, the teacher enters another school district in Illinois.

We analyze CPS teacher retention for teachers who were aged 22 to 30 when they entered
CPS. These teachers presumably had little or no prior teaching experience. Over our data
period, 1979 to 2012, the total population of teachers in the Chicago district was around 20,000
each year. It was 18,887 in 1979, ranged from 20,000 to 23,000 in most years from 1980 to
2012, and was 22,435 in 2012. The portion of the population contained in our sample, teachers
entering at ages 22 to 30, stood at 10,000 to 11,000 in most years, or about 45 to 50 percent of
the total population of teachers.*® The remaining 50 to 55 percent of teachers entered laterally by
transferring from other districts, entered teaching after 30, or re-entered the Chicago system after
a gap of more than two years. We included in our sample those with gaps of two years or less
under the assumption that short gaps are typically for approved absences, e.g., for further
education or family reasons.

Figure 5.1 displays cumulative percent retained of entering teacher cohorts (aged 22 to 30 at
entry) to each year of service. The red curve is for those entering between 1979 and 2000. The
first year, 1979, is the earliest year in our data when we can directly observe entry. We “closed”
the entry window in 2000 to allow 12 years for following teachers; 2012 is the last year on which
we have observations. The blue curve is for teachers entering between 1992 and 2000. Because
the period of observation ends in 2012, a teacher entering in 1979 is observed for 34 years, while

%0 The count decreased to 8,000 to 9,000 in 2007 to 2012 because of a decline in hiring. This was the period of the
great recession and incumbent teachers were unlikely to exit, given fewer alternative job possibilities.
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teachers entering in 1992 to 2000 are observed for 13 to 20 years and retention beyond that is
imputed based on continuation rates from the full sample of entrants, 1979 to 2000. As seen, the
retention curves are similar though not identical up to 20 years of service. The curves are three
to four percentage points different from years of service 10 to 20. The somewhat lower retention
of the more recent entrants may reflect school closures (Chapter 3). In both curves, about one-
third of the teachers complete at least 30 years of service, and retention at year 34 is 26 percent.
Year 34 is when the retirement benefit multiplier reaches its maximum, 75 percent, and retention
declines rapidly from there on.

Figure 5.1. Chicago Public School Teacher Retention for Those Entering at Ages 22 to 30
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By using teacher age and years of service for incumbent teachers in 1979, we can also infer
whether a teacher entered in an earlier year than 1979 and was aged 22 to 30 at entry. We use
this insight in constructing an estimation sample that includes incumbents. The estimation
sample combines teachers that entered CPS in years 1992 to 2000 and were aged 22 to 30 at
entry, along with incumbent teachers in 1992 who entered CPS in an earlier year and were aged
22 to 30 at entry. For teachers entering from 1979 to 1991, we know the exact year of entry; for
instance, teachers entering (and present) in 1979 and retained continuously would be in their
fourteenth year of service in 1992. For teachers continuously present from 1979 to 1992 and in
their fifteenth or higher year in 1992, we use age and years of service in their 1979 record to
infer their year of entry and age at entry. If their age at entry was in the range of 22 to 30, they
were included in the sample.
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Table 5.1 provides summary statistics for each component of our estimation sample, 1992 to
2000 entrants (that were age 22 to 30 at entry into CPS) and 1992 incumbent teachers (that were
age 22 to 30 at entry into CPS). Statistics for all CPS entry cohorts from 1979 to 2000 are
presented for comparison. We considered using an estimation sample consisting of all entry
cohorts from 1979 to 2000, who have very similar characteristics to the 1992 to 2000 entry
cohorts, but even with early year cohorts, e.g., 1979 to 1985, the teachers did not have enough
years of service by 2012 to observe their retirement behavior. As an alternative, we created the
mixed sample of 1992 to 2000 entrants plus 1992 incumbent teachers. A major advantage of this
sample is that many of the incumbents reached retirement eligibility by 2012.

The 1992 to 2000 entrants had 9.49 years of service in CPS and 10.71 years in Illinois as of
2012. Some CPS entrants who later leave CPS enter other Illinois school districts, adding to
their years of service. Also, years of service are right-censored in 2012 and this affects mean
years of service reported in the table; however, the estimation code of the DRM accounts for
right censoring so it does not bias the model estimates. As seen, the means and standard
deviations of the 1979 to 2000 cohorts and the 1992 to 2000 cohorts are similar for all variables
apart from years of service, which is higher in the 1979 to 2000 sample because it follows
teachers for more years.

In the 1992 to 2000 entry cohorts, 17 percent were high school teachers at entry, 71 percent
were elementary and middle school teachers, and 12 percent were special education teachers. At
the teachers’ last observation, some teachers had moved to supervisory positions, e.g., Six
percent were in school or district leadership positions. Eighty percent of the entrants were
female, and the average age of entrants was 26. Fifty-six percent of the entrants were white non-
Hispanic, 22 percent were black, non-Hispanic, and 18 percent were Hispanic. Most of the
teachers, 69 percent, were educated in Illinois.

At entry, 88 percent of the teachers had a bachelor’s degree and 11 percent had a master’s
degree or higher. By the last observation, 42 percent had a bachelor’s and 58 percent had a
master’s or higher. The large increase in the percentage with a master’s degree may be a
response to the teacher salary schedule. A master’s degree added approximately $4,000 per year
to a teacher’s salary.®* The higher salary also means a higher final average salary, hence higher
retirement benefits. Based on the means in Table 5.1, a typical salary trajectory starts with a
teacher entering at the bachelor’s level. Many teachers then add to their education, and about 60
percent of the teachers with 20 or more years of service have a master’s degree or higher.

The 1992 incumbents are the cross-section of teachers in that year with years of service
ranging from one to forty, and mean years of service as of 2012 were 30.47 in CPS and 30.79
years in Illinois. The 1992 incumbents were on average 41 years old in 1992, 77 percent were

! The salary data are for 208-day positions for the 2014-2015 school year and appear Appendix A: Part 1 of the
Chicago Teachers Union contract (as of September 15, 2015: http://contract.ctunet.com/article:0). Starting salary for
a teacher with a bachelor’s degree was $50,653, climbing to $84,658 after 15 years. The starting salary for a teacher
with a master’s degree was $54,161, rising to $88,272 after 15 years with a master’s.
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female, 78 percent were educated in Illinois, 59 percent had a bachelor’s degree and 41 percent
had a master’s or higher. At the last observation, 36 percent had a bachelor’s and 64 percent had
a master’s or higher. The increase in the percentage with master’s degrees suggests that even
veteran teachers had an incentive to obtain a master’s degree.
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Table 5.1. Summary Statistics for Teacher Entry Cohorts and Incumbents Data

Cohorts 1979- Cohorts 1992- Incumbents in

2000 2000 1992
Std. Std. Std.
Mean Dev Mean Dev Mean Dev.
Years of service in lllinois* 12.73 8.25 10.71 6.16 30.79 7.51

Years of service in Chicago* 11.45 8.44 9.49 6.32 30.47 7.93
Position at career start

High School 0.15 0.36 0.17 0.38 0.18 0.39
Elementary/Middle School 0.69 0.46 0.71 0.45 0.60 0.49
Special Education 0.16 0.36 0.12 0.32 0.19 0.39
Position at last observation

High School Teacher 0.15 0.35 0.17 0.37 0.17 0.38
Elementary/Middle School

Teacher 0.59 0.49 0.63 0.48 0.50 0.50
Special Education Teacher | 0.13 0.34 0.09 0.29 0.18 0.38
District/School Leader** 0.07 0.25 0.058 0.23 0.07 0.26

Ever worked Charter school 0.01 0.09 0.00 0.06 0.00 0.03

Age* 26.08 2.1 26.10 2.09 40.98 6.16
Female 0.81 0.39 0.80 0.40 0.77 0.42
White, non-Hispanic 0.51 0.50 0.56 0.50 0.43 0.50
Black, non-Hispanic 0.26 0.44 0.22 0.41 0.47 0.50
Hispanic 0.17 0.38 0.18 0.38 0.08 0.28
Educated lllinois 0.72 0.45 0.69 0.46 0.78 0.41
Degree*
BA 0.90 0.31 0.88 0.32 0.59 0.49
MA+ 0.10 0.30 0.11 0.32 0.41 0.49
Degree at last observation
BA 0.43 0.49 0.42 0.49 0.36 0.48
MA+ 0.57 0.50 0.58 0.49 0.64 0.48
N unique educators 7684 4867 5622
N unique educators stay in
Chicago 6541 4087 5391

*Age is average age at entry for the entering cohorts of 1979-2000 and 1992-2000 and

average age in 1992 for incumbent teachers in 1992. Similarly for degree.

**School leaders include superintendents, assistant superintendents, principals,
assistant principals, and directors.

41



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

Teacher and Non-Teacher Earnings by Age

The earnings of teachers in the Chicago Public Schools relative to alternative employment
options can affect teacher retention decisions. To capture this financial incentive, we develop
empirical estimates of earnings by age (earnings profiles) for CPS teachers and observationally
similar non-teachers.

Chicago Teacher Earnings Profile

We estimated the Chicago teacher earnings with the salary information from the TSR data.
We used this information to generate cross-sectional earnings profiles from 1979- 2012. We
estimated an ordinary least squares regression with a piecewise linear specification in years of
service interacted with degree level, bachelor’s or master’s. We did this separately for each year
and included only full-time teachers in the sample. The regression fit the data well, as expected
from earnings data based on salary schedules and stable progression through the schedules. The
r-squared was above 0.70 in 90 percent of the years and always above 0.50. Further details are
in Appendix B.

We used the cross-sectional earnings profiles to create earnings profiles by teachers’ entry
cohort. For a given entry cohort Y, first-year earnings came from predicted earnings for the first
year of service in the year Y cross-sectional pay profile, second-year earnings came from
predicted earnings in the second year of service in the year Y+1 cross-sectional pay profile, and
so on until the individual reached 34 years of service or fiscal year 2012, the last observed year.
Earnings after 2012 were projected using the nearest cohort’s earnings growth for the
unobserved years of service (in terms of age).3* All earnings were discounted to 2013 dollars
using the annual averages for the consumer price index-urban (CPI-U) of the Bureau of Labor
Statistics

The blue line in Figure 5.1 shows the predicted earnings profile a teacher might expect if she
taught in Chicago public schools throughout her career. Earnings increase rapidly in the first 20
years of the career—the first half—then taper off to virtually no increase over the second-half of
the career. Needless to say, the defined benefit retirement system provides senior teachers with a
powerful incentive to continue teaching until reaching normal retirement age.*

32 \We estimate the teacher earnings regressions in terms of years of service rather than age because the TSR data
include years of service information. However, we do not have years of service information in the Current
Populations Survey used to estimate the non-teacher earnings profile so we use age instead, as discussed below. To
put both profiles in the same units, the predicted earnings profile for teachers is expressed in terms of age rather than
years of service.

* In addition to salary and pension benefits, Chicago Public Schools also offer health insurance to teachers while they are
working and retiree health insurance benefits (with some restrictions). These benefits and others were not incorporated into the
model.
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Chicago Non-Teacher Earnings Profile

To capture the salaries of associated with teachers’ outside employment options, we use data
from the Current Population Survey. This is a monthly survey of about 60,000 households
conducted by the Bureau of Census for the Bureau of Labor Statistics. It is designed to be
representative of the population at the national, state, and large metropolitan area. It collects
detailed information on labor earnings and demographic characteristics, including age and
residential location.

The Current Population Survey (1962-2014) was used to construct teachers’ expected
earnings profiles for non-CPS employment. We estimated a tobit model that allows earnings to
vary by year, birth-cohort, educational attainment, metropolitan location, and in particular
Chicago metropolitan area, accounting for top-coding for high earners. The model estimates
were applied to the sample of individuals working in the Chicago metropolitan area with a BA
degree to predict the earnings profiles. Further details of this analysis are in Appendix B.

The red line in Figure 5.2 shows the estimated earnings profile for full-time workers in the
Chicago metropolitan area who are not in teaching. We freeze earnings at age 45, as the model
would otherwise predict an earnings decrease. The predicted decrease results from selection out
of working at older ages. The earnings profile in age is very similar to that for teaching in CPS.
The starting salary for a young worker is lower in non-teaching positions but grows at a faster
rate. It flattens out about 5 years later than the teacher profile, resulting in higher earnings for
workers in their mid-30s and older.

Figure 5.2. Internal and External Earnings Profiles for Chicago Teachers by Age
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Notes: For the internal earnings profile the cohorts are defined by year of entry to teaching in CPS. For the external
earnings profile the cohorts are defined by year of birth. The birth cohorts selected capture the alternative earnings
profiles of teachers in their 20s to early 30s that entered teaching in Chicago in 1992-2000.

43



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

Conclusion

In this chapter we described key data inputs required to estimate the DRM developed in
Chapter 4, namely, our estimation sample of CPS teachers and the salary profiles associated with
teaching in CPS and with external employment. The estimation sample includes entering CPS
teachers in years 1992-2000 that were age 22-30 at entry and incumbent teachers that were
observed teaching in CPS in 1992 and were also age 22-30 when they began teaching. The
teachers are followed longitudinally to 2012, the last year of sample data. The similarity between
the retention profiles and the characteristics of teachers that started teaching before 1992 and
those that entered between 1992 and 2000 supports the use of the combined sample of incumbent
and entering teachers in the estimation. The combined sample provides better coverage of
retention over the full career. The empirical retention profile exhibits characteristics observed in
other contexts where the DRM has been successfully utilized, specifically high early career
attrition and increased attrition at retirement eligibility. The earnings profiles are also in line with
previous work and our expectations; salaries grow steadily for younger workers and flatten out
around middle age, with teachers earning more than non-teachers very early in their careers and
somewhat less later. These empirical observations suggest that the DRM developed in Chapter 4
is appropriate to model the retention decisions of Chicago teachers. In the next chapter, we
discuss the model estimates and evaluate how well the model fits the observed retention profile.

44



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

6. DRM Parameter Estimates and Model Fit

Exploring Model Specification

We began model estimation with the basic four-parameter specification of the DRM that
includes the mean and standard deviation of taste, the standard deviation of the shock, and the
personal discount factor. But we found that this specification did not fit the observed data as
well as we would like, so we explored alternative specifications and found one that fit well. This
chapter first discusses model specification and presents two graphics of model fit, then discusses
the parameter estimates of the preferred specification.

Figure 6.1 shows the fit of the basic four-parameter DRM, called model 1, and the fit of the
preferred specification, called model 2. Teacher retention predicted from model 1 is too low in
early years of service, too high in years 8 to 30, and too low from 30 to about 35 years. Thus
model 1 had difficultly capturing two key empirical facts: a more gradual decline in teacher
retention over the first 10 years, and retirement at 34 years of service, the point at which
retirement benefits hit their maximum.

Figure 6.1. Observed and Predicted Teacher Retention
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Finding a specification that fit well proved challenging. We estimated model 1 on a sample
limited to entrants between 1992 and 2000 and found that its predicted retention fit well in early
years of service but was too high after 34 years of service. We inferred that this was caused by
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selection: the mean taste conditional on remaining to 34 years was so high that teachers did not
sufficiently respond to retirement incentives. The results suggested that a high mean taste was
needed in early years to sustain early-career retention but led to too high a mean taste conditional
on staying late into a teaching career. Further, when we estimated model 1 on the sample of
teachers attaining 20 years of service in 1992 to 2000, it fit late-career retention well. This
suggested that estimated taste conditional on 20 years of service allowed accurate responsiveness
to pension incentives. Together, these exploratory estimations suggested that taste for teaching
evolved with experience and in particular had a temporarily high value in the initial years of
teaching.

In view of this, we added an early career taste factor to model 1 to create model 2. This
allowed taste to be high at the beginning of the career and decline as years of service increased.
A specification that worked well assumes a linear reduction in this factor over the first twelve

years of service, equal to max {w - ;”—2 X Years of Service, 0}. The parameter v is estimated. In
the first year of service the amount %z/) is added to each teacher’s taste, and in the eleventh year

of service %1/) is added. The factor is zero at twelve years of service and at that time taste reverts

to a teacher’s persistent mean taste. As Figure 6.1 shows, model 2 fits the data well. It follows
the initial decline in retention, or stated differently, the higher attrition among early-career
teachers. It also fits the decrease in retention at 34 years of service well.

Still, the predicted decrease in retention in years 34 and 35 is somewhat larger than observed.
We think this could reflect an artifact of constructing teacher years of experience. About 20
percent of teachers were absent from CPS for a year or two and returned. We gave these
teachers years-of-service credit for the absent years. Thus, some teachers that appear to have 34
years of service in fact had 33 or 32 years, which would make the “observed” retention curve in
Figure 6.1 descend later than it should. It is possible that the model’s prediction of lower
retention at 34 and 35 than observed may be accurate.

As part of our exploratory work, we considered a number of alternatives to model 2. One
alternative included a gradual decrease of one percent per year, or alternatively one and a half
percent per year, in external earnings as years of teaching increased. This was motivated by the
idea that teachers may accumulate specific human capital that is not transferable to other
employment, and if so, additional years may not improve non-teaching employment options.
Another alternative was a greater taste for leisure in old age. This was a variant of the
adjustment used by Ni and Podgursky (2015). Operationally, we included a linear and quadratic
cost to teaching after age 50. Yet another alternative was a nonlinear version of the early career
adjustment factor. We found model 2 to be superior to these alternatives in terms of fit and the
valued of the maximized likelihood and as such is our preferred model.

We also chose to omit own-Social Security benefits from the calculation of the DRM value
function. Teachers are not covered by Social Security but could qualify for these benefits as a
result of moving into the covered sector when they leave teaching or before they start teaching.
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We do not model or have data on the teacher’s retirement from the labor force, i.e., the decision
to stop working entirely. Rather, we assume that work life ends at age 66, and teachers collect
the present discounted value of their pension at this time if they have not yet exited teaching.
We considered including Social Security benefits but this led to an important complication.
Social Security benefits require a minimum of 40 quarters of contribution. This requirement can
interact with the assumed length of work life to create potential focal points for exit. For
example, if we chose a maximum work life age of 66 and included years between 22 and entry
into teaching as Social Security contributing years, then we would be assuming that a teacher
would have to leave at the 34™ year of service to satisfy the minimum 10 years to qualify for
Social Security benefits (e.g., a 26 year-old entrant would have 4 creditable years, ages 22 to 26,
before teaching, and 6 creditable years after teaching, ages 60 to 66). We found that including
Social Security benefits produced poorer fit and was sensitive to the choice of maximum
working age. It is possible that many teachers never pursue a non-teaching career after
qualifying for their pension, that they have insignificant earnings records to qualify, or that the
expected Social Security benefits are too small to justify the effort. We view this as an open
question for future research.

Discussion of Parameter Estimates

The parameter estimates for models 1 and 2 are given in Table 6.1 along with standard errors
and z-scores. All of the parameter estimates for both models are statistically significant. The
parameters for the mean and standard deviation of taste, shock location, and early career taste
factor are denominated in thousands of dollars.

Table 6.1. Parameter Estimates and Standard Errors

Model 1 Model 2
Standard Standard

Parameter Estimate error z-score Estimate error z-score
Taste

Mean 15.70 0.56 28.04 -8.61 1.44 -5.98

Standard deviation 32.08 0.64 50.13 49.78 117 42.55
Shock location 97.51 1.76 55.40 68.29 1.61 42.42
Personal discount factor

Untransformed* 2.60 0.003 866.67 2.86 0.0331 86.40

Transformed 0.931 0.946
Early career taste factor n.a. 69.42 3.01 23.06

* In estimating the personal discount factor, we transform the factor using a logit function to bound it between
zero and one.
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The parameter estimates from model 2 indicate that teachers, on average, have a strong
preference for teaching — equivalent to about $49,700 at the beginning of the second year of

teaching (this value is computed as u + gzp).g"‘ CPS starting salary in 2013 was about $49,000,

so starting taste was about equal to starting salary. The salary plus the taste totaled nearly
$100,000, and in addition to this the teacher received the discounted value of the option to
choose between teaching and non-teaching in the next period, plus a shock that could be either
positive or negative.

A positive mean taste for teaching in CPS is consistent with teacher pay being less than non-
teaching alternatives except very early in a teacher’s career. The non-pecuniary aspects
represented by taste are major reason for teachers to stay in teaching. The aspects may be a work
schedule permitting a summer break, the ability to have approved absences in service for raising
children or taking care of family members, the intrinsic satisfaction from teaching, e.g., ability to
have a major influence on students’ lives, or other sources. The linear decrease in the taste factor
could reflect declining satisfaction from teaching, unexpectedly high effort needed for class
preparation, burdensome record keeping, the time required to address the issues of individual
students, e.g., those with individualized study plans or perhaps with disciplinary or family issues.
Teaching may provide high non-pecuniary benefits for teachers in their first few years of
teaching that reflect the new experience of impacting a child’s life. Overtime, the taste for
teaching may decline as classes become repetitive, a teacher recognizes recurring difficulties in
the classroom, or simply the impact on students’ lives become routine. These are speculations
consistent with the literature that finds relatively high attrition in the early years of teaching.
High early attrition occurs despite the possibility of transferring within a large district from the
teacher’s school at entry, which might not be the teacher’s preferred school, to a different school
more in line with preferences.

The mean taste represents the average mean taste of an entering cohort of teachers in the
CPS. As the entry cohort progresses through its career, some teachers who were a part of the
entry cohort will exit teaching to pursue other opportunities. The mean taste of those who
remain will increase, not because individual tastes change over time in our model, but because
those with lower taste are less likely to stay. Mean taste among retained teachers evolves
because of the selective retention on persistent taste and the decrease in the early taste factor.
Figure 6.2 shows the mean taste conditional on retention to a specific year of service based on
model 2. The conditional mean taste for teaching is never negative, implying those teachers who
remain in teaching receive a positive non-pecuniary reward from teaching. Also, although
conditional mean taste declines during the first years of teaching, it increases at 34 years of
service. This is caused by the retirement of teachers, and only teachers with the highest taste for

 The beginning of the second potential year of teaching represents your first decision period. We assume the
teacher must complete the first year in order to be counted as an entrant. Also, note that this value may differ slightly
than the value presented in Figure 6.2 due to the usage of Halton sequences for numerical integration.
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teaching stay in teaching. Their high taste compensates for the forgone receipt of retirement
benefits.

Figure 6.2. Conditional Mean of the Taste Distribution by Year of Service
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There is significant variation in the taste for teaching. The standard deviation is $49,780,
implying diverse taste for teaching at entry into teaching. Although not shown, as the
conditional mean of taste (apart from the early taste factor) increases, the variance of taste
decreases.

The estimate of the location parameter of the shock distribution is 68.29 in model 2. (The
mean of the shock parameter is zero in our implementation of the DRM.) The standard deviation
of the shock is w2 /+/6 times this amount, or $87,580. To put this in perspective, a teacher with
11 years of service in school year 2012-2013 had a salary just above $70,000 and a mean taste of
about $25,000 (Figure 6.2). The teacher would also value the opportunity to choose between
teaching and nonteaching in the next year. This teacher, then, could face a negative teaching
shock of more than a standard deviation of the shock distribution, or a positive external shock of
the same magnitude, and would choose to remain in teaching. (For comparison, recall that Ni
and Podgursky’s shock variance was nearly two times the value of the utility of teaching at age
55 (Chapter 3).)

The estimate of the personal discount factor is 0.9457, implying that someone would trade
$100 in compensation next year for $94.57 in current compensation. The personal discount
factor is equivalent to a personal discount rate of 5.74 percent. This is higher than the rate
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estimated by Ni and Podgursky (2015) of 3.5 percent. Their sample, however, was limited to
teachers 47 to 58 years old in the first year of their sample, whereas ours consists of teachers
who began their CPS teaching career at ages 22 to 30. Perhaps the personal discount rate
declines with age at younger ages. We have assumed no change with age. Allowing for change
with age as well as heterogeneity in the discount rate across individuals are topics for future
work.

Conclusion

Overall, model 2 nicely fits teacher retention over the entire career. The estimates indicate
that teachers find a significant non-pecuniary benefit to teaching, and this benefit varies widely
by individual and years of service. Its mean value evolves over the career yet is positive in all
years, providing a buffer against negative shocks. We found that model fit depended on the
presence of an early career taste factor. It is possible that other specifications would also fit, but
the alternatives we tried did not work as well. We have not identified the elements of the
teaching environment or experience that give rise to this factor, though we have listed some
possibilities that correspond to issues addressed in the literature. The decrease in this factor over
the first years of teaching is consistent with higher attrition early in the career. The phenomenon
of its decrease is also consistent with educators’ emphasis on the importance of induction and
mentoring programs to prepare teachers for the array of challenges they will face. These
programs may be seen as a way of setting more accurate initial expectations and providing
teachers with locally relevant skills and knowledge to work effectively in their classroom and in
the school. They may thereby serve to set a more accurate initial value of early career taste and
decrease its rate of decline.
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7. Policy Simulations

The DRM has been used in several settings to simulate the effects of a change in current or
deferred compensation on the ability to retain an existing workforce, namely the active and
reserve component of the U.S. military, as well as the federal civil service. In this chapter, we
use the estimated parameters of model 2 to assess the effect of a change in current or future
compensation on CPS teacher retention. We note that the policy simulations reflect the response
of teachers in CPS. The specific estimates should not be assumed to apply to other districts,
however the qualitative direction and rough magnitude of responsiveness may be of broader
interest.

We consider seven types of compensation changes, listed below some of which modify
current CPS compensation, while others modify deferred compensation through the pension. The
purpose of these simulations is to demonstrate the new capability we have developed as a result
of the estimated DRM for teachers rather than to address any specific policy. However the
compensation changes we examine are related to recent policy changes, including the 2011
pension reforms, as well as policies that might be contemplated in the future. For each
compensation change, we compare the new simulated retention profile to the no-reform, status
quo retention profile to demonstrate the effect of the reform. In practice, the simulated retention
profiles associated with various compensation changes could instead be compared to a school
districts” desired retention profile.

Current Compensation

e A 3% reduction in current teacher pay
e A retention bonus after 5 years

Deferred Compensation

e Anincrease in the vesting, early, full-benefit collection ages (reflective of the 2011
pension reforms)

e A decrease in the cost-of-living adjustment (COLA) (reflective of the 2011 pension
reforms)

e Extending the number of years used in calculating the high pay in the pension
formula (reflective of the 2011 pension reforms)

e Decreased multiplier (reduction in the pension multiplier from 2.2 percent to 1
percent)

e 2011 pension system reforms
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Changes in Current Compensation

Severe budget constraints and state constitutional limitations on adjusting previously defined
pension benefits have placed renewed interest on changes to current compensation, namely in the
form of pay cuts. Every few years, the Chicago Teacher’s Union and the Chicago Public
Schools system negotiate a contract that includes provisions affecting salary.

We consider the possibility that real pay permanently decreases by 3 percent, which could be
accomplished by a pay cut or over time through a pay freeze. Consequently, the non-teaching
alternative job will look more appealing because teacher pay is relatively lower. Additionally,
because a teacher’s pension is determined, in part, by her highest four years of nominal earnings
while teaching, her pension would be lower as a result of a decrease in current pay. Therefore,
teacher retention should fall. Because of the unambiguous theoretical effects of a pay decrease,
both in terms of current and deferred compensations, a pay cut policy experiment can help
provide an indication of how many teachers are on the margin between staying and leaving,
where a small change in compensation would induce them to leave.

Figure 7.1 presents the steady state retention results of a 3 percent across-the-board decrease
in salary. By steady state, we mean that a teacher would spend his or her entire career under a
salary system that was lower by 3 percent at every year of service. We assume no change in the
number of teachers hired, so the results show the effects on retention only. We find, that teachers
would provide 0.725 fewer years of service, on average, to CPS, which amounts to a 4.32
percent decrease in years of service over an entry cohort’s CPS career. An alternative way to
understand the significance of this value is that in 1992 10,485 teachers were between ages 22
and 30 at entry, and we estimate that with no changes, they would each provide an average of
16.82 years of teaching to CPS. A 3 percent reduction in their salary would cause the average to
decrease to 16.09 years of teaching. To maintain the same expected total years of teaching that
the 1992 entrants and incumbent teachers were expected to provide, approximately 472 new
teachers would need to be hired at entry. As demonstrated in figure 7.1, changes in the exit rate
from service occur between one and five years of service, leading to a lower level of retention
from year five through year 30. The literature finds that teacher effectiveness improves rapidly in
the first few years of teaching, and the 3 percent salary reduction would cause a greater loss of
teachers through that phase. This in turn would mean fewer fully productive teachers for the
next 20 years of service. Later policy action might react to this loss by seeking to hire mid-
career teachers from other districts, but an attempt to do so would raise the question of which
teachers, and what quality of teacher, would be willing to accept CPS’s lower salary schedule.
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Figure 7.1. Simulated Steady State Retention Effect of a 3% Decrease in Current CPS Teacher
Salary
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An alternative mechanism that could be considered by policymakers that has been successful
in the retention of officer and enlisted service members in the U.S. military is a continuation
bonus. A continuation bonus is given to an individual at some milestone of service. In our
simulations, we test the effect of a $10,000 bonus given to teachers who complete five years of
service in CPS. The aim of this policy would be to help reduce the 50 percent attrition by the
tenth year. In conjunction with a change in pension benefits, a continuation bonus would
provide a method by which deferred compensation could be substituted in favor of current
compensation, which, unlike deferred compensation, is not discounted by the individual.

Figure 7.2 presents the results from a $10,000 continuation bonus after five years of service.
We observe a small positive retention effect from the continuation bonus, with a slight increase
before and after the bonus period. The ineffectiveness of the continuation bonus is reflective of
the significant distribution in non-pecuniary taste to teach. Most of the reduction in the first 10
years of teaching is a consequence of individuals with a low taste for teaching being sorted out.
While a continuation bonus after five years might keep some people in teaching for a short
period of time, it is not effective as a mechanism of keeping them in teaching in the long term.
Perhaps a higher bonus coupled with a payback feature would be more effective. *

% The $10,000 continuation bonus does not have an obligation of service or a payback feature if the teacher leaves
before the end of the obligation. These features could be added, however. For instance, the bonus might be $30,000
paid over three years and with a three-year commitment to stay, in which case leaving early forfeits the next bonus
payment, or paid as a lump sum up front but with a pro rata payback for early exit.
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Figure 7.2. Simulated Steady State Retention Effects of a $10,000 Continuation Bonus at 5 Years
of Service
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Changes in Deferred Compensation

Defined benefit pensions represent the primary form of deferred compensation for teachers.
In the past two years many Illinois policymakers, including the Illinois Legislature, the
Governor’s Office, and the Chicago Mayor, have put forward proposals to reshape both current
and former pension benefits. The Illinois State Constitution states that “membership in any
pension or retirement system of the State, [...] shall be an enforceable contractual relationship,
the benefits of which shall not be diminished or impaired.” Laws that have been passed by the
Legislature in the past two years that have altered past or current benefits have not been upheld
in court, with state courts ruling based on the State Constitution that accrued benefits cannot be
reduced. This has placed policymakers in a conundrum as they face growing budget demands
due to an underfunded pension fund. The only legally and politically successful policy changes
to date have been altering the benefits of new hires. While this is not a solution to the more
immediate fiscal challenges from existing pension obligations, it may improve the financial
security of the pension obligations due to new CPS entrants (although nothing legally precludes
using this funding to cover current obligations and, judging from the past, there still may be
uncertainty over whether the reduced benefits of new entrants will be fully funded). In this
section we consider four changes to deferred compensation:

1. Anincrease in the age at which a teacher vests, the earliest age at which a vested teacher
may begin collecting benefits, and the age at which a teacher can collect unreduced
benefits.

54



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

2. A decrease in the cost-of-living adjustment from being set equal to the consumer price
index (CPI) to the minimum of three percent or one-half of the CPI.

3. Changing the pension benefit from being based on the highest four years of nominal
earnings to being based on the highest eight years of nominal earnings.

4. A reduction in the pension multiplier from 2.2 percent to 1 percent.

The first three policy variations reflect part of the changes imposed on new CPS entrants hired
after 2010. We conduct the policy simulations not because this is a policy actively under
consideration, although it could be with a constitutional amendment, but because it is indicative
of the likely retention impact on new hires after 2010. The validity of this experiment relies on
the assumption that the post-2010 entry cohorts are similar to the 1992-2000 entrant cohorts and
1992 incumbents.

As part of the reforms to pensions of new hires after 2010, referred to as Tier 2 pensions, a
CPS employee vests in their pension at the completion of 10 years of service instead of 5 years.
In addition, the earliest a CPS employee can begin collecting a pension is age 62, whereas a Tier
1 (pre-2011 hire) CPS employee could begin collecting as early as age 55 with 20 years of
service. Finally, the age at which a CPS employee can begin collecting an unreduced pension is
67, whereas a Tier 1 CPS employee could begin collecting an unreduced benefit as early as age
55 with at least 34 years of service, 60 with at least 20 years of service, or 62 with at least 5 years
of service. We allow the pension formula to reflect these differences and simulate the
consequences of these new rules.

The steady state retention result of the change in eligibility ages to reflect Tier 2 benefits
rules is presented in Figure 7.3. There is a negative effect on teacher retention through 27 years
of teaching, implying that the delayed eligibility causes some individuals to exit teaching sooner.
Retention declines more rapidly in years one to ten and remains steadily lower through 27 years.
There is no evidence that individuals delay exit from CPS during years 5-9 until the new vesting
requirement at 10 years of service, though it is possible that this effect is occurring but is being
outweighed by other factors such as the sorting of teachers in the early career. As mentioned in
Chapter 6 in the discussion of our parameter estimates, sorting of teachers is the primary driver
of early career attrition; teachers with relatively low non-pecuniary taste for teaching leave CPS
schools within the first 10 years of service. Moving out the eligibility ages mean that teachers
with a low or marginal taste for teaching have less to gain from staying to vest.

The results in Figure 7.3 suggest that late-career decision making appears to exhibit a
lock-in effect, whereby teachers who stay for 20 years are highly likely to stay for 30 years.
Because teachers with marginally lower taste have left, the average taste of teachers staying to 20
is higher than before. These teachers are willing to stay longer, as seen by higher retention from
year 28 onward. The reason for the extension of service is two-fold: (1) the delay in the age at
which individuals can first begin collecting their benefit encourages longer careers, and (2) the
higher eligibility age means the teachers no longer forgo pension benefits if they choose to stay
in teaching after the pre-existing normal retirement ages. The aggregate effect is an overall
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increase in average years taught by 0.935 years. Following our previous calculation, this would
amount to 552 fewer teachers that would need to have been hired at entry in order to achieve the
same number of expected teacher-years taught for the 1992-2000 entry cohorts and 1992
incumbents.

Figure 7.3. Simulated Steady State Retention Effects of an Increase in Vesting and Eligibility Ages
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Two additional policy changes that take effect with the Tier 2 pension are a decrease in
the COLA from a fixed 3 percent rate to the minimum of 3 percent or one-half the inflation rate,
and an increase in the number of years included in calculating the average of final pay from 4 to
8 years. In the DRM, we assumed inflation is 3 percent in the steady state, meaning that under
the new rules, the real value of the pension benefit would decline by 1.5 percent per year after
collection begins.

The effect of both of these policies is very small, since their impact is spread out over the
benefit receipt period and, in the case of the COLA, is further delayed into the future. The
simulated response to the decrease in COLA is 0.1516 fewer years of work on average. This
would amount to 98 more teachers that would need to have been hired at entry to achieve the
same number of expected teacher-years at baseline. The simulated response to the increase from
4 to 8 years used to compute the final average pay is a decrease of 0.06 years worked on average.
Thirty-eight more teachers would need to be hired at entry to achieve the same number of
teacher-years as at baseline. In both of these scenarios, the effect is similar to that observed in
Figure 7.3, where teachers are more likely to exit in the early and mid-career, but work longer
around normal retirement age because of the diminished incentive to leave.
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Finally, we consider a policy that is not part of the reforms affecting post-2010 hires: a
decrease in the retirement benefit multiplier from 2.2 to 1 percent. At baseline, the retirement
benefit of a teacher retiring at a normal retirement age is equal to the multiplier times years of
service times the average of the best 4 years of pay. With Tier 1 benefits, the product of the
multiplier and years of service cannot exceed 0.75. We consider the retention effect of a
decrease in the multiplier from 2.2 to 1.

The effect of this change on teacher retention is large: a decrease of 0.9141 in average
years taught and a 5.448 percent decrease in work-years relative to baseline. However, the
average change masks heterogeneity in the impact of the reform. As shown in the simulation
results in Figure 7.4, many teachers exit teaching sooner and retention is considerably lower by
ten years of service. Retention then declines apace with baseline retention to 30 years of service.
From then on, retention under the lower multiplier is higher than baseline retention. Teachers
reaching 34 years of service stay in teaching longer because the decrease in the retirement
benefit decreases the incentive to leave (less money is forgone if the teacher stays). Also, the
teachers reaching 34 years have a high taste than those at baseline; teachers with a lower taste
tended to leave in the first ten years. Thus, the policy change shortens the CPS careers of
younger teachers who have learned the ropes and gained effectiveness in their first few years,
and lengthens the CPS careers of older teachers with the highest taste for teaching in CPS. We
caution, though, that having a high taste for teaching is not synonymous with being a highly
effective teacher. The possibly differential effect of the policy change on teacher retention by
teacher quality is not addressed here. Brown (2014) found that when a policy change in
retirement allowed teachers to retire early, less effective teachers were more likely to take the
offer while more effective teachers stayed, as evidenced by an increase in standardized test
scores after the policy took effect. In contrast, we see that cutting the multiplier from 2.2 to 1
percent induces greater early sorting, with more lower taste teachers leaving while higher taste
teachers stay for longer careers. Under this policy, a district might want to invest further in
developing and supporting teacher effectiveness among those present after ten years of service.
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Figure 7.4. Simulated Steady State Retention Effects of a Decrease in the Pension Multiplier from
2.2to 1 percent
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Changes in deferred compensation are capable of having a large impact on teacher
experience mix based on our counterfactual experiments. In many ways, what we have
presented represent the extreme cases of policy change: a sharp cut in benefits by decreasing the
multiplier or a large increase in the age at which benefit can be collected. What we observed
was that these large policy changes have a substantial influence on the decision to remain a
career teacher, with most teachers who remain doing so because of their higher non-pecuniary
returns from teaching. Alternatively, policy changes that are smaller in scope and that are more
deferred, such as a change in the COLA or a change in the number of years used to calculate
final pay, have a smaller effect on retention.

The Combined Effect of Pension Reforms for Teachers Hired After 2010

We now simulate the combined effect of:

1. anincrease in the vesting, early claiming, and full benefit retirement age,

2. adecrease in the COLA from 3 percent to the minimum of 3 percent or one-half the
inflation rate,

3. basing the pension formula on the average of the highest 8 years instead of the highest 4
years..

The simulation results for the combined policy changes appear in Figure 7.5. Average years
of service increase by 0.604 years; this means that the same number of teacher work-years could
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be provided if the entry cohort had 377 fewer teachers. The extension of the claiming age is the
primary influence, encouraging teachers to work longer than would otherwise have been
expected. Overall, the pension reforms decrease early career retention but prolong the careers of
teachers staying beyond ten years of service. The increase in retention after 34 years is relatively
large, suggesting that the education leadership should consider whether incentives and
supporting programs for these most senior teachers are appropriate or should be modified.

Figure 7.5. Simulated Steady State Retention Effects of the Pension Reforms for Teachers Hired
After 2010
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Conclusion

We successfully used the DRM to simulate the retention profiles of Chicago teachers under
several hypothetical reforms to current and deferred compensation. The simulations suggest that
that although non-pecuniary benefits from teaching affect retention decisions (Chapter 6), current
and deferred compensation are important levers for shaping the size and composition of the
teaching workforce. Of the compensation changes we considered here, teacher retention was
most affected by the 3 percent salary reduction and decrease in the pension multiplier. Both
policies cause a decrease in the financial return to working each year and lower lifetime earnings
for teaching relative to outside employment options. As a result, early career attrition increases.
However, a $10,000 continuation bonus after five years of service did not have a large effect on
early career retention. This is an important finding as retention bonuses have been used
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effectively in the military and this type of compensation is more amenable to targeted retention
than across the board changes to salary or retirement benefits.
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8. Conclusion

In this study we estimated a structural model of the retention decisions of teachers in Chicago
Public Schools. In the model, rational, forward-looking teachers make retention decisions each
year over their career with CPS. The key factors that may be related to retention and are
included in the model are current and expected salary earnings, future pension income, external
wage opportunities and preference for teaching in CPS relative to other professional options.

Overall, a fairly streamlined model that included both a permanent taste component and a
depreciating early career taste component nicely fit teacher retention over the entire career. The
estimates indicate that teachers find a significant non-pecuniary benefit to teaching, and this
benefit varies widely by individual and years of service. The mean taste for teaching early in the
career is on par with the starting salary. Its mean value evolves over the career yet is positive in
all years, providing a buffer against negative shocks. Simulations also indicate an important role
for current and deferred compensation. Teacher retention throughout the career profile was
sensitive to salary reduction. However, a $10,000 continuation bonus after five years of service
was not sufficient to swamp the importance of taste and to have a large effect on early career
retention. In terms of deferred compensation, policies that cut the pension multiplier in half and
that increased the pension normal retirement age had the largest effect on retention, reducing
retention substantially through the mid-career but causing higher retention rates after 30 years of
service.

Given that our research is the first to apply the structural stochastic dynamic programming
modeling approach to modeling teacher retention, we highlight the findings that may be
applicable to modeling teacher retirement in other settings. First, it was essential to estimate the
DRM with data in which teacher retention behavior could be observed over the entire career
profile. Although, we had a long panel of teachers available (1979-2012), it was not long
enough to observe even the earliest cohorts becoming eligible for retirement benefits. When the
1979-2000 entry cohorts were used to estimate the DRM, the predicted retention profile fit the
observed retention profile well early in the career, but did not capture the discrete drops in
retention at retirement eligibility where the pension financial incentives are particularly strong.
This problem was addressed by modifying the model to accommodate both incumbent teachers
(those that began teaching before 1979) and entry cohorts. With this approach we were able to
fit the full retention profile well using only ten years of panel data — observed retention behavior
from 1992-2012 for incumbents present in 1992 and entry cohorts 1992-2000. With this
modification, the DRM model provides the option to study retention across the service profile in
contexts where long panel data are not available.

Second, we found that model fit depended on the presence of an early career taste factor.
The predicted retention profile using the estimates from a model that included only a permanent
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component of taste for teaching in CPS suggested that taste for teaching evolved with experience
and in particular had a temporarily high value in the initial years of teaching. To address this, we
included a depreciating early career taste component. This specification provided the best fit of
the retention profile across the career. While the empirical analysis suggests that teachers have
an inflated likelihood of remaining in teaching early in their careers, it does not supply the cause
and there is little in the literature to explain this apparent reduction in the non-pecuniary rewards
from teaching over the first decade of a teacher’s career. Future applications of DRM in other
settings will test the robustness of this result, however this finding suggests a place for research
that focuses on teachers’ expectations as they enter teaching, their learning over the early career
years, and changes to working conditions and responsibilities over the career that affect
retention.

There are several avenues for future research that build on the flexible baseline DRM for
teacher retention that we developed here. While we used the estimated model to simulate the
effect of several policy changes, including an actual change in Chicago teachers’ pension, we did
not provide any estimates of the effect of these changes on compensation costs or pension
liabilities. Teachers’ defined benefit retirement plans are underfunded in nearly all states, and
the political pressure to reduce the pension burden on state and local budgets continues to
increase. Extending our analysis to estimate the change in pension liabilities associated with
proposed policy changes and to identify pension reforms that are most efficient in terms of
maintaining the teaching workforce for a given level of cost reduction is a top priority. We have
recently done similar work on the analysis of possible reforms to the military retirement benefit
system (Asch et al. 2014c, 2015). These analyses showed, for example, the cost of changing the
military system from a wholly defined-benefit system to a blended system that retained the
defined benefit but at a lower multiplier (2 percent instead of 2.5 percent) and added a defined
contribution system that enabled many more service members to vest in at least some retirement
benefit. The analyses showed the cost, and cost savings, of many variants of the reform
compared to the existing system. The analysis also revealed that the reform would require the
introduction of a mid-career continuation pay to sustain the baseline retention profile. With the
addition of costing modules to the teacher dynamic retention model, we can leverage this
capability to study policy options for educator pensions in the state of Illinois and in other states
and cities.

The DRM we estimated explicitly incorporates only the financial incentives to teach. Future
work can enrich this model to incorporate characteristics of the school, changes in the work
environment and responsibilities, and changes in student characteristics explicitly. For example,
the estimates of the enriched model will allow us to simulate how education reforms that
challenge teachers to adopt new methods or how changes to the size of the student body will
affect the retention of teachers. These estimates will enable a direct comparison of the
importance of these specific non-pecuniary characteristics of the work environment to financial
compensation over the career profile, which could assist human resource managers and
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policymakers in creating policies that address compensation, work conditions or the school
environment to efficiently target retention of teachers at struggling schools or at particular points
in their careers.

Finally, in a time of large reforms to teacher compensation, especially teacher pensions, it is
important to understand not only the effect of these policies on the number of teachers that leave
at particular points in the career, but also on which teachers leave, to account for the total
turnover costs due to policy changes. Our results indicate that taste for teaching is a significant
driver of retention decisions and that there is large variance in the non-pecuniary rewards of
teaching across the population. This implies that exits from teaching in response to policy
changes will be highly selected, making the extent to which taste for teaching is correlated with
teachers’ skills for producing student achievement an important consideration. This is supported
by a small literature that suggests that more effective teachers are more likely to continue
teaching in their schools or districts and that less effective teachers are more likely to exit in
response to increases in the value of their accumulated retirement benefits. Incorporating teacher
effectiveness into the DRM will allow us to simulate the effect of compensation changes on
student achievement. This advancement will require additional panel data on student test scores,
but we consider this an essential next step in this research agenda.
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Appendix A. Selected CTPF Provisions

Reforms of CTPF Retirement Benefits

CTPF Before 1998

A legislated reform set the pension multiplier at 2.2 percent for all creditable service accrued
after July 1, 1998. Prior to this reform the CTPF multiplier (M) had a stepped schedule with
multiplier values of 1.67 - 2.3 percent depending on years of service (Table 2.2). This change
increased the generosity of the pension benefits substantially. A teacher who had earned all of
her service under the pre-1998 formula and retired at age 60 with 20 years of service would
receive a pension benefit of 35.7 percent (1.67 percent x 10 + 1.9 percent x 10) of final average
salary. If she had earned all years of service under the post-1998 formula, she would receive a
benefit of 44 percent (20 x 2.2 percent) of final average salary. The employee contribution rate
also increased to cover the more generous benefits, but the structure of the benefit calculation
and other pension features were unchanged. The 2.2 percent multiplier applies to all service
earned after 1998, regardless of when a teacher was hired. However, when a teacher’s pension
benefits are calculated at retirement, service earned prior to July 1, 1998 enters the benefit
calculation under the pre-reform formula unless the teacher has paid an additional fee to upgrade
all service to the 2.2 percent formula (detailed below in this appendix). The example in Table
2.2 assumes the 2.2 percent formula is applicable.

2011 Pension Reform

Legislation passed in 2010, introduced a second tier to the CTPF. Teachers that became
members of the CTPF on or after January 1, 2011 became members in Tier 2. Tier 2, like Tier 1,
is a defined benefit pension plan. The structure of benefit calculation is also identical to Tier 1
and the benefit multiplier is also 2.2 percent. However, several other changes to the pension
rules, summarized in Table 2.2, substantially reduced the generosity of the retirement program.
The service requirement for vesting was increased from 5 to 10 years, excluding teachers with
shorter careers in Chicago from any benefits. Approximately 50 percent of CPS teachers leave
before completing 10 years of service. The full benefits retirement age increased to 67 years old
with 10 years of service. This change required teachers to delay retirement by a minimum of 5
years relative to Tier 1 to receive the same annual benefit, effectively cutting lifetime retirement
benefits. A lengthening of the window for the calculation of the final average salary (FAS) from
4 to 8 years decreased the annual benefit amount for most teachers. Finally, a reduction in the
cost of living adjustment of benefits post-retirement also reduced expected pension wealth.
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Upgrading service earned prior to July 1, 1998

Teachers that were active contributors to CTPF on July 1, 1998 or that worked for at least
one year after July 1, 1998 pension reform are allowed to “upgrade” their pre-reform service
credits to the 2.2% formula with an additional payment. The teacher must upgrade all service
prior to the reform or none of it; partial upgrades are not allowed.

The cost to purchase the upgrade for each year of service is 1% of the teacher’s highest
annual salary in the 4 years prior to the year in which the teacher applied for the upgrade. The
cost is capped at 20 years of service for all teachers that earned more than 20 years of service
credit before July 1, 1998. For instance, a teacher wanting to upgrade 10 years of service and
with a salary of $68,000 would need to pay $6,800. This fee may be paid directly, using tax-
deferred rollover funds from a qualified retirement account, payroll deductions distributed over 5
years, or by deductions from the first 24 pension payments. The cost of the upgrade is reduced
by 1 year for every 3 years of service credit earned after July 1, 1998. Seventy to eighty percent
of eligible teachers chose to purchase the upgrade (Fitzpatrick forthcoming).

Early Retirement without Reduction Option

Retirement benefits are reduced if a teacher retires “early,” before reaching the full benefits
age. In most cases, the reduction is based on the difference between the teacher’s age and age
60. For example, a teacher with 20 years of service that retires and claims retirement benefits at
age 59 would have her retirement benefit reduced by 6 percent, so that her early retirement
benefit would be 0.94 x B. However, a high service teacher that retires three years sooner at age
56 with 32.95 years of service would also have her benefits reduced by only 6 percent because
although she is 4 years from age 60 she is only one year from meeting the 33.95 years of service
at which point she would be eligible for a full pension.

This reduction can be avoided by paying a fee. The teacher must pay 7 percent of salary for
each year short of the normal retirement age. Also, the district pays 20 percent of the teacher’s
salary and is required to pay this fee if the teacher elects to pay to avoid the reduction.

Service Purchase Options

Approved, Unpaid Leave (Including Maternity/Paternity)

The CTPF allows teachers to buy service for approved, unpaid leaves of absence. Typically
teachers must pay the contribution they would have made if they were working and also any
employer contributions. The cost is based on the salary and contributions in effect at the time of
the leave, not the time of application. Interest on the total cost is 5 percent compounded annually
beginning one year after termination of the leave. This purchase can be paid directly in a lump
sum or by installments, and tax-deferred rollover funds from a qualified retirement account may
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be used. The maximum amount of service credit that can be purchased is 36 months for those
who contributed after June 28, 2002 and 12 months for those that did not.

Public Elementary or High School Teaching

Teachers who were state certified teachers in Illinois, another state, or in a school operated
by the U.S. government may purchase service credit. The cost is the same as for approved,
unpaid leave. Teachers may purchase up to 10 years, however at the time of retirement 60
percent of creditable service must have been earned in Chicago public schools or charter schools.
Further, teachers must have withdrawn their contributions from the retirement system under
which their previous service was earned.

Conversion of Unused Sick Leave

Unused sick leave can be converted to service credits. The amount that can be converted is
currently capped at 244 days, which is equivalent to 1.4 years of service.
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Appendix B. Teacher Years of Service, Teacher and Non-Teacher
Earnings Profiles, and Social Security

Teacher Years of Service Calculations and Exit Determinations

To address possible measurement error in the data, we assume that each year a full time
teacher is observed in the data is a creditable year of service for the purposes of the pension
calculation. We do this rather than relying on the years of service reported in the administrative
data. Service as measured by observed years as a teacher in the data is highly correlated with the
reported service.®® In addition, we assume that a one-year teacher absence from the data
followed by a return within one year was not an actual absence if their accrued service as
reported in the administrative data incremented by two years. For example, consider a teacher
that is observed in 2006 and 2008, but not in 2007. If her service is 5 years at the end of 2006
and 7 years at the end of 2008, we assume that she was actually teaching in 2007 but was not
reflected in the roster due to administrative error. However, if her service is 5 years at the end of
2006 and 6 years at the end of 2008, we treat this as a real temporary absence.

The leave policy for tenured teachers in the Chicago Public Schools system is fairly
generous. Teachers may be granted up to 4 years of approved unpaid leave for each new child
(by birth or adoption) and up to 8 years of consecutive leave. For leaves of less than one year,
the teacher can return to her previous position. After one year, the teacher is no longer
guaranteed the same position but maintains priority for placement. About a quarter (27 percent)
of teachers in the Chicago 1992 to 2000 entry cohorts, followed to 2012, had a gap in service.

The data do not identify whether a teacher that was absent from the data in a given year was
on an approved leave or whether teacher had the intention of returning to teaching in Chicago.
To handle this in the estimation, we assume that teachers that return to work in Chicago within
two years of exit were on an approved temporary leave and intended to return to teaching. They
are retained in the sample and their years of creditable service are calculated as the actual
observed years teaching. The two-year window captures 71 percent of observed returns. A
longer window would have captured a higher percentage but increased the chance of including
teachers who left the Chicago Public Schools without an approved absence and for reasons such
as seeking a different job or raising young children. Such absences are relevant but not pursued
in the current version of the retention model.*’

% Using the ISBE data, we sorted by fiscal year and person identifier and generated a count of the number of times the individual
was observed in the ISBE data, such that count increased monotonically with time. For Chicago Public Schools teachers, the
correlation between the generated count and the years of reported state experience was 0.74.

3 An expanded version of the model could allow for longer absences and returns.

67



NoOT CLEARED FOR OPEN PUBLICATION. DO NOT CIRCULATE OR QUOTE.

Chicago Teacher Earnings Profile

Teacher pay tables typically follow a linear growth path with changes in the growth rate at
certain milestones of service. Consequently, we use a piecewise linear specification for earnings,
where the years of service variables for each piece depend on the individual teacher’s observed
years of service. YoS,(Yo0S;),a=1,..., Krepresents K variables to be created and k,,a=1,...,
K-1 are the corresponding knots in the specification such that:

YoS,(YoS;) =YoS; ifa=1
YoS,(YoS;) = max(0,YoS; — k,_41) ifa=2..K

We include knots at 5, 10, 15, 20, and 25 years of service. We also include additional knots
at 14, 19, and 24 years of service to capture discontinuous jumps in earnings at 15, 20, 25 years
of service that have occasionally been a component of the Chicago Public Schools’ teacher pay
tables.

Using TSR data for Chicago, we estimate a standard OLS regression, conditional on fiscal
year, for full-time equivalent teachers employed for 9 or 10 months in the Chicago Public School
District with between 0 and 35 years of service:

Salary;
= Bintercept + ﬁa=1YOSa=1 + ﬂZYOSZ + o+ ,8K YOSK
+ (ﬁMA,lYO'Sl + ﬁMA,ZYOSZ + + lBMA,K YOSK) X MAL + gi

The subscript M A; is an indicator variable taking a value of 1 if the individual holds a
master’s degree.

The model is estimated separately by year. The r-squared measure is always above 0.50, and
above 0.70 in 90 percent of the fiscal years, indicating that degree and years of service determine
the majority of teacher’s earnings profiles. Figure B.1 provides an example of the model’s fit to
the data. In our retention model estimation, we assume the teacher has a bachelor’s degree rather
than a master’s.
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Figure B.1. Internal Earnings Profiles for Chicago Teachers by Service and Education

FY 1998 Earnings by degree for Teachers
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Non-Teacher Earnings Profile

We use an upper-censored tobit model to estimate non-teacher earnings in the Chicago
metropolitan area. For the specification y = X + € where y represents continuous outcomes
and the error is normally distributed and independent across observations, e~N (0, a%I). We
observe individual i's log earnings, y;, for observations i € C. Observations i € R are right-
censored; we know only that they are greater than or equal to the known threshold y;. The log
likelihood is

—

iec

2
— X
+ logZHJZ} + Z w; log {1 - @ (M)}

IER

where @() is the standard cumulative normal and w; it the weight for the ith observation.
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Each individual i is designated as belonging to a cohort defined by birth year; a member of
cohort ¢ was born in years ¢ € [c — 2, ¢ + 2]. We define cohorts in five-year intervals, namely,
1943, 1948,...,1978, 1983, and set 1963 as the baseline cohort.

We again use a piecewise linear specification, but in this case the knots depend on age rather
than years of service. Age,(age;),a=1,...,K represents K variables to be created and k,, a =
1,..., K-1 are the corresponding knots. We set knots at five-year age groups between 22 and 65,
although with the first age group being 3 years, 22 to 24, and the last age group being 6 years, 60
to 65. The omitted group is a male in the 1963 cohort with a BA degree (sample is restricted to
BA+) who is not a veteran and who lives in a non-metro area.

Age,() = age; ifa=1
Age,() = max(0,age; — k,_1) ifa=2..K

The explanatory variables include the age piecewise linear specification and indicator
variables for female, college degree, graduate degree (more than four years of college), veteran,
metro area, Chicago metro area. The baseline regression specification for the 1963 cohort
includes these variables, and the specifications for the other cohorts include the same variables
but interacted with an indicator variable identifying the cohort. Year fixed effects are also
included.

Bintercept + Ba=149€a=1() + B2Age;() + -+ B Agex () + Bremate female;
+ fcLc college.degree; + forpgraduate. degree; + [ygrveteran; + Byrrrometro.area;
+ BcuicacoChicago.metro. areaq;

+ Cohort;

c€{COHORTS}
c#baseline cohort

X {Bc,intercept + ﬂc,a=1Agea=1() + IBC,ZAgeZ() + et BC,K AgeK()
+ Bcremaie female;+ B ci college.degree; + B grpgraduate. degree;

+ Bcyerveteran; + f.yrrrometro.area; + P cuicagoChicago. metro. areai}

+ > {Byllyear = y1)
y=[1964,2014]
y#2011

The age-earnings profile for a male in the 1963 cohort with a BA degree, who is not a
veteran, who lives in a non-metro area, and faces 2011 aggregate conditions is determined by
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Yc=1963
Bintercept + ﬁa=1Agea=1 age; € [25:29]
ﬁintercept + ﬁa:lAgea=1 + .BZAgeZ age; € [30;34‘]
IBintercept + Ba:lAgeazl + ﬁzAgeZ + -t ﬁSA.geS age; € [60;65]

For non-baseline cohorts, it is determined by

Yc£1963
Ye=1963 T ,Bc,intercept + Bc,a:lAgeazl age; € [25,29]
Ye=1963 T Bc,intercept + ﬂc,a=1Agea=1 + Bc,ZAgeZ age; € [30,34]
Ye=1963 T :Bc,intercept + Bc,a:lAgea=1 + .Bc,zAgeZ + -t :Bc,SAgeS age; € [60'65]

The marginal effect of age for the 1963 baseline cohort is

Ba=1 age; € [25,29]

dYe=1963 _ ) Ba=1 + Ba=2 age; € [30,34]
dage : :

Ba=1+ Ba=2 + -+ Ba=s age; € [60,65]

and the marginal effect of age for non-baseline cohorts c is:

dYc+1963
dage
(ﬁa=1 + ﬁc,a=1) age; € [25,29]
= (.Ba=1 + .Bc,a?l) + (:Ba=2 + .Bc,a=2 ) agei € [30,34]
(ﬂa=1 + ﬂc,a;l) + (Ba=2 + Bc,a=2 ) + ot (ﬁa=8 + ﬂc,a=8) a:gei € [60'65]

The cohort earnings profiles were then simulated using the model estimates. We assumed the
following variable values:

o Year =2013%

Education = College Graduate, but no Graduate Degree
Is a Veteran = No

Gender = Male

Living in a metro area = Yes

O o0O0o

% An alternative way of simulating the earnings profiles would be to not fix the year to 2013, thus allowing the cohorts to
experience aggregate market shocks as they happen. This would of course require us to assume in the model that they fully
anticipated these shocks.
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o0 Living in the Chicago Metro Area = Yes

Social Security

Teaching positions in Chicago Public Schools are not covered by Social Security. A
teacher’s choices about whether and when to discontinue teaching in Chicago can affect their
eligibility for Social Security benefits and the size of those benefits, should the teacher work in a
covered job after teaching. Chicago teachers do not contribute to Social Security and as a
consequence years worked and wages earned while teaching in the Chicago Public Schools are
excluded when determining Social Security eligibility and calculating lifetime average earnings
that enter the Social Security benefit formula. In addition, a Social Security rule called the
windfall elimination provision reduces a teacher’s Social Security benefits that are based on her
own earnings record outside of Chicago Public Schools if she has less than 30 years of earnings
in Social Security covered employment. This effect of teaching in Chicago versus alternative
employment on expected future Social Security benefits is incorporated into the DRM estimation
and policy simulations.
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