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Abstract

We examine the impact of recent changes in public sector retirement plans on career
retention decisions of public sector workers, using data on teachers. We estimate a common
dynamic programming model separately in three large state systems with legacy defined benefit
plans that captures teachers’ incentives to stay or leave, using administrative personnel data.
Retention varies substantially by state: compared with South Carolina, new teachers in
Pennsylvania are twice as likely to teach at least 25 years. Despite differences in preferences,
teacher pay, external job markets, and policy across states, simulations using our model estimates
show that common policy reforms lead to qualitatively similar findings. We find that changes to
retirement plan design have substantive effects on the retention of new hires over their entire
career. Lower benefits and higher employee contributions result in lower retention over the early
to mid-career, leading to greater turnover during those parts of the career. But, whether the net
effect of pension reforms on overall retention changes depends on whether reforms also
incentivize long-career teachers to work longer. Another common reform, blending defined
benefit and contribution plans, leads to limited changes in retention over the early career, larger
declines over mid-career than under a system with only a defined benefit, but more working
years for career teachers. Our results demonstrate that pension reforms affect an employer’s
workforce and have long-run implications for employee turnover and experience mix.
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About This Working Paper

Faced with unfunded pension liabilities, many states have redesigned their pension plans for
public sector workers. The focus of these pension reforms in recent years has been on changing
the design of traditional defined benefit (DB) retirement plans as well as changing the plan type
to a defined contribution (DC) plan or a hybrid plan that includes both DB and DC components.
But these changes will also affect workers’ incentives to stay or leave the workforce, thereby
affecting the size of the workforce and its experience mix. The objective of this study is to assess
the impact of pension reform on retention using data on public sector teachers. The study
estimates a common stochastic dynamic programming model using administrative personnel data
on public school teachers for three states, Pennsylvania, South Carolina, and Tennessee, and uses
the estimated model parameters to simulate how alternative pension reforms would affect teacher
retention over a career. This paper summarizes the research and findings. It should be of interest
to the research community concerned with pension reform and the workforce effects of these
reforms.

RAND Education and Labor

This study was undertaken by RAND Education and Labor, a division of the RAND
Corporation that conducts research on early childhood through postsecondary education
programs, workforce development, and programs and policies affecting workers,
entrepreneurship, and financial literacy and decisionmaking. This study was sponsored by The
Pew Charitable Trusts, which seeks to improve public policy by conducting rigorous analysis,
linking diverse interests to pursue common cause and insisting on tangible results; inform the
public by providing useful data that illuminate the issues and trends shaping our world;
invigorate civic life by encouraging democratic participation and strong communities. For more
information and research on these and other related topics, please visit its website at
WWW.pewtrusts.org.

More information about RAND can be found at www.rand.org. Questions about this paper
should be directed to Beth Asch, asch@rand.org and David Knapp, dmknapp@usc.edu, and
questions about RAND Education and Labor should be directed to educationandlabor@rand.org.
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Summary

Faced with increasing costs associated with unfunded pension liabilities for their public
pensions, many states in recent years have turned to redesigning their pension systems for public
employees to stabilize their pension funding. Public employees are typically covered by
traditional defined benefit (DB) plans where the benefit is defined by a formula and the plan
stipulates specific rules regarding when employees can claim full benefits. States have pursued a
variety of reform measures such as requiring greater employee contributions to their pension
systems, reducing the generosity of benefits, or even switching employees to a different plan
type such as a defined contribution (DC) plan where the contributions are defined but the value
of the benefit depends on investment performance of the employee’s pension fund. Some states
have switched to a hybrid plan that includes both a DB and DC element. But these changes have
occurred with little understanding of how those reforms will affect the retention incentives of
their workforces.

DB pension design provides strong incentives to stay with an employer until benefit
eligibility—a “pull” effect; but they also typically prevent employees from receiving benefits
unless they separate, leading to a strong incentive to leave the employer once qualified to receive
benefits—a “push” effect. Reforms reducing pension benefits in retirement or lowering take
home pay by requiring greater contributions could increase turnover of junior and mid-career
personnel by reducing the pull effect, but less generous pension benefits might make retiring
from an employer to collect benefits less enticing. This weaker push effect of pensions could
increase retention of senior personnel. The implication is that the effects of pension reforms on
the average experience mix of the workforce is a priori ambiguous, and specific estimates of the
effects on retention will depend on whether the analysis is considering more junior and mid-
career personnel versus senior employees.

Reforms typically target the pensions of new employees so the consequences of altering
pensions can take decades before their effects on retention over an entire career will be fully
revealed. Analyses of these reforms based on simulations of estimated models of retention over a
career can provide information on the expected effects of these reforms. Past studies typically
focus on the retirement decision rather than retention over an entire career or focus on public
employees in a single system (Brown, 2013; Ni and Podgursky, 2016; Ni, Podgursky, and Wang,
2021, 2022; Stock and Wise, 1990).

This study conducts a cross-state comparison of public employee retention by estimating
models and predicting behavioral response to pension reforms in three states making use of
administrative personnel data on teachers from each state: Pennsylvania, South Carolina, and
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Tennessee.! These three states differ substantially in terms of teacher retention behavior, with
Pennsylvania teachers having higher retention than teachers in the other two states as well as
differences in their pension systems, teacher pay, and external private sector opportunities. The
models we estimate have a common structure and are dynamic programming models of the
decision of individual teachers to stay with their employer over their life cycle. In the model,
those retention decisions are based on forward-looking behavior that depends on current and
future public school teacher pay and pension benefits and alternative external compensation for
workers with a bachelor’s degree. The model allows for uncertainty in future periods and
recognizes that people may change their mind in the future as they get more information about
continuing as public school teachers and their external opportunities. Furthermore, teachers are
allowed to be heterogeneous in terms of their tastes for teaching relative to their external
opportunities. That is, teachers facing similar opportunities and uncertainty may make different
retention decisions depending on their taste for teaching. We estimate the models for each state
using each state’s personnel data and find that the model fits are excellent relative to the
observed retention behavior in the data, and the model seems robust to our external validity tests,
such as handling out-of-sample predictions.

Given the model estimates, we conduct simulations to assess the retention effects over the
life cycle of changes to the design of teachers’ pensions. The design changes we consider are
reforms that have been commonly implemented across the country, including Pennsylvania,
South Carolina, and Tennessee. These changes are (1) increasing required employee
contributions; (2) switching to a hybrid DB/DC plan; and (3) reducing DB pension generosity by
changing the pension benefit formula or the eligibility requirements or eliminating cost-of-living
adjustments (COLAs) to allow pension benefits to keep up with inflation. In a companion paper
(Knapp, Asch, and Mattock, 2021), we consider a larger range of plan design changes focusing
on one state, namely South Carolina, and the design changes we consider are more varied,
eliciting a wider range of retention responses and consider both teacher and public employee
retention.

Key Findings

Despite differences across the three states in the retention behavior of teachers, we find a
remarkable amount of consistency in the retention responses of teachers in the three states to the
reform alternatives we consider.

'Ina companion paper focusing on South Carolina’s public pension system, we consider a wider range of pension
reforms on the retention of both teachers and public sector employees (see Knapp, Asch, and Mattock, 2021).
Because of lack of availability of sufficient data for our study on public employees in Pennsylvania and Tennessee,
our analysis here focuses on teachers only.
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Higher Required Employee Contributions Reduces Retention over the Career

Simulations of an increase in required employee contributions of 3 percent of pay for the
legacy DB systems in our three states show that teacher retention declines, and the drop in
retention is spread out over the entire career, reflecting the nature of the policy change that is
experienced by employees over the entire career. The largest retention decline occurs in mid-
career when the pull incentive of the DB pension system is relatively stronger compared with
idiosyncratic uncertainty and variation in tastes. The implication is that teachers respond to
increases in required pension contributions to their legacy DB plan as they would to a pay cut,
leading to a decline in retention.

Switching to a Hybrid Plan Reduces Mid-Career Retention but Increases Later-Career
Retention

Figure S.1 shows simulations of the retention effect of the legacy DB plans relative to the
alternative hybrid plans we considered for each of our states. In all cases, a hybrid system leads
to limited changes in retention over the early career, with sharp declines over mid-career, but
extends the retention of late-career teachers. Again, despite the differences in parameter
estimates and locations, and differences between the teaching and private sector earnings, the
predicted behavioral responses are qualitatively similar across all three systems. The overall net
effect on average years of service per new hire depends on whether the retention declines in early
and mid-career teachers are offset by the increase in retention by late-career teachers. We find
that, overall, a change to a hybrid plan reduces service years by 1.1 percent in Pennsylvania and
0.7 percent in South Carolina and Tennessee.?

In the case of South Carolina (red lines in the figures below), the extension of retention in the
late career in part reflects the use of the DB legacy plan that covered teachers entering before
2011 under the “Class 2” plan and the design of the hypothetical hybrid plan that includes a DB
plan that was built upon the later “Class 3” plan and that increased the eligibility requirements
relative to the Class 2 plan. As shown in Figure S.2, which shows the retention effects of the
different South Carolina plans, when the baseline is the Class 3 plan, the hypothetical hybrid
plan does not substantively change the average service years, but we do observe that workers are
less likely to stay in mid-career (2.8 percent) and more likely to stay in the later part of their
career (+4.8 percent).

2 The results in Figure S.1 show the simulations of retention under a hybrid plan relative to the baseline DB plan
covering employees hired before 2011, the group covered by our data. We also conduct simulations relative to the
baseline DB plan for South Carolina and Pennsylvania using the post-2011 DB plan as baseline, plans that were less
generous than their pre-2011 predecessors. We find qualitatively similar results to those shown in Figure S.1, though
the magnitudes differ somewhat for Pennsylvania and are nearly the same for South Carolina.
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Figure S.1. Simulated Teacher Retention of Legacy DB Plans and Alternative Hybrid Plans
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NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and
Tennessee’s legacy DB plan (Table 2.4). Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical
South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and Tennessee’s hybrid DB/DC
plan (Table 2.4). Assumes no DB/DC choice for South Carolina.

Figure S.2. Comparison of Simulated Teacher Retention of South Carolina Legacy DB Plan, Hybrid
Plan, and the Alternative Plan Attributes for the Legacy DB Plan
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Reductions in DB Benefits Result in Qualitatively Similar Retention Consequences as
Shifting to a Hybrid System

While the specific quantitative results differ across states and according to whether we are
considering a reduction in DB benefits due to a reduced pension multiplier, elimination of
COLA:s, or increases in eligibility requirements, the overall finding is that less generous pension
benefits lead to limited declines in retention over the early career, larger declines over mid-
career, and typically extended careers of teachers with long careers. Thus, reducing pension
generosity results in fewer mid-career teachers and more senior teachers who are eligible for
retirement but continue to work. This is also the result of a switch to a hybrid system. Thus, a
change to a DB system is qualitatively similar in terms of the retention consequence of shifting
from a DB to a hybrid system. We illustrate this for Tennessee in Figure S.3. The figure
compares simulated retention under the legacy Tennessee DB system with the simulated
retention under the hybrid plan, or the legacy plan with a lower multiplier or without a COLA.
Further changes to benefit eligibility rules could be used to allow the DB reforms to mimic the
retention changes brought about by the hybrid reform.

Figure S.3. Comparison of Simulated Teacher Retention of Tennessee’s Legacy DB Plan, Hybrid
Plan, and the Alternative Plan Attributes for the Legacy DB Plan
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Taken together, our results show the push-pull effects of pensions predicted by theory and
demonstrate that pension reforms affect an employer’s entire workforce and will have long-run
implications for turnover and the mix of employee experience. While the present analysis is
limited to public sector teachers, we expect our key findings to qualitatively extend to other
public sector employees. Given the amount of time it takes to fully realize the effects on
retention over a career of pension reforms that target new employees, the analysis demonstrates



the value of such models to inform the funding assessments of pension systems that have
undergone or are planning pension reforms to their retirement plans.

Limitations and Advantages of the Model

The dynamic retention model (DRM) used in our analysis has several limitations.? It does not
explicitly model other factors that can affect retention and retirement, including Social Security
benefits, health status, and health care benefits, or household factors, such as spousal labor
supply or the presence of children at home. The analysis focuses on retention and does not model
the hiring decision or the decisions of teachers to become public school teachers or some other
employment. Consequently, the model cannot address how changes to pension design may affect
the types of persons that become teachers. The model also does not consider how retention may
interact with teacher quality.

Another limitation is that we only estimate the model and simulate behavioral responses for
entrants between the ages of 22 and 30, which typically reflect 60—70 percent of new hires.
Additionally, we do not observe the DB/DC plan election decision in our personnel data.
Therefore, our model may imperfectly capture behavioral responses where election decisions in
the targeted population differ from those who we simulate using our model estimates.

That said, the estimated models fit the observed data well for all three states and the model is
robust to external validity tests. Our approach has several rich and realistic features that make it
well suited for analyzing the retention effects of pension reform. It is a life-cycle model where
retention decisions are made each year over an entire career, and not just once. Those decisions
are based on forward-looking behavior that depends on current and future public school teacher
and external compensation. The model allows for uncertainty in future periods and recognizes
that people may change their mind in the future as they get more information about continuing as
public school teachers and their external opportunities. Furthermore, the model is formulated in
terms of the parameters that underlie the retention decision processes rather than on the average
teacher responses to a particular retirement reform policy. Consequently, it is structured to
enable assessments of alternative pension reforms that have yet to be tried. Put differently, the
DRM is particularly suited to assess major structural changes in the compensation system and
pension policy that do not have any historical antecedent.

3 These limitations are discussed in more detail in the main paper. Here we focus on conceptual limitations.
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Chapter 1. Introduction

Many states have been facing funding difficulties with respect to their public pensions over
the last two decades, leading to reforms of their public employee retirement systems with limited
consideration for the workforce consequences of those reforms. On average, state and local
pension plans were 100-percent funded in 2001, but the funded ratio declined through 2012 and
remained relatively stable from 2012 to 2019, with an average funded ratio of 71 to 73 percent
funded (Aubry and Wandrei, 2021; Campbell and Christensen, 2021; The Pew Charitable Trusts,
2010, 2021). The funded ratio is the share of pension liabilities associated with current public
workers and retirees that are covered by the pension plan’s current assets. In 2019, 23 states had
combined pension plans with an aggregate funded ratio of less than 70 percent and these states
collectively had $776 billion in unfunded pension liabilities (The Pew Charitable Trusts, 2021).

Declines in these systems’ funding led to major reforms since 2009 (Aubry and Crawford,
2017; Brainard and Brown, 2018). The focus of pension reform in recent years has been on
changing the design of traditional defined benefit (DB) public retirement plans as well as
changing the plan type to a defined contribution (DC) plan or a hybrid plan that includes both
DB and DC components. In terms of pension design, between 2009 and 2018, 39 state
legislatures have required that public employees increase their contributions to their pension
systems, and the majority of states have reduced public pension benefits for current employees
and new hires (Brainard and Brown, 2018). These reductions take a variety of forms including
increasing the age or service requirements for receiving a full-retirement or early-retirement
pension and changing the annuity computation for eligible employees to reduce the generosity of
the annuity.

Past research shows such pension reforms can affect the retirement decisions of employees,
and consequently the experience mix and quality of the workforce (Brown, 2013; Ni and
Podgursky, 2016; Ni, Podgursky, and Wang, 2021, 2022; Stock and Wise, 1990). DB plan rules
place limits on when full or reduced benefits can be paid based on age and years of service.
These rules lead to pension wealth accrual over a worker’s career that is “backloaded” toward
more senior career years (Costrell and Podgursky, 2009). The design of these benefits provides
strong incentives to stay with an employer prior to benefit eligibility—a “pull” effect. DB plan
rules also typically prevent benefit receipt and continued employment, leading to a strong
incentive to leave the employer once one is eligible to receive benefits—a “push” effect.
Reforms reducing pension benefits in retirement or lowering take home pay by requiring greater
contributions could increase turnover of junior and mid-career personnel by reducing the pull
effect. This effect could lead to a lower average experience mix of the workforce. On the other
hand, less generous pension benefits might make retiring from an employer to collect retirement
benefits less enticing. This weaker push effect of pensions could increase retention of senior



personnel and increase the average experience mix of the force. The implication is that the
effects of pension reforms on the average experience mix of the workforce is a priori ambiguous,
and specific estimates of the effects on retention will depend on whether the analysis is
considering more junior and mid-career personnel versus senior employees.

While past research has found evidence of these push and pull effects, these studies focus on
retirement decisions, not the broader retention decisions. Employee retention over a career is
more important for state and local pension systems where the majority of new workers separate
before retirement eligibility. Consequently, they do not provide a holistic view of the overall
effects on the workforce and on the predicted career trajectories of public employees when
pensions are reformed. Past studies of the retirement effects of pension reform have additional
drawbacks. These studies typically focus on a particular state or locality and do not allow
comparisons of the effects of pension reform across states. For example, Ni and Podgursky
(2016) focus on the Missouri teacher pension system while Brown (2013) focuses on California
teachers. Given the diversity of pension funding situations across states, the ubiquity of pension
funding problems, and differences in types of pension reforms that have been implemented,
cross-state comparisons using a consistent methodology would be informative. Such
comparisons would inform whether modeling the experiences of a single system or a particular
workforce generalizes to similar systems or workforces.

An employee with an employer-sponsored DB plan who is making a decision of whether to
stay or leave their employer must place a value on the option to receive that benefit in the future.
They must solve an inherently forward-looking, dynamic problem. To understand the
relationship between the retention decision and pension design, we develop and estimate a
dynamic programming model. We explicitly model the full dynamic decisionmaking process
from the current point in time until some future terminal point.* Using the estimated model, we
predict the behavioral responses over the working life of public employees to a range of pension
reforms that might be considered as a means to improve pension system funding.

4 Recent studies (e.g., Ni and Podgursky, 2016; Ni, Podgursky, and Wang, 2021, 2022) analyzing worker retirement
responses to state and local pension design have typically relied on a methodology known as the option value model
(Stock and Wise, 1990) or on variants of it such as the peak value approach (Coile and Gruber, 2007; Gruber and
Wise, 2004). As Stock and Wise (1990) note, modeling these decisions is computationally complex, and the option
value model involves making simplifying assumptions that reduce this complexity. However, this advantage comes
at the expense of creating time-inconsistent decisionmaking (Gotz, 1990). For example, the option value model
might predict that it is optimal for an employee with, say, five years of service, to stay and separate in the future at
ten years of service. Time-inconsistency arises because when the employee eventually reaches ten years of service,
it may no longer be optimal to leave. As discussed by Gotz (1990), an approach like the option value model leads to
employees making suboptimal decisions and raises concerns about the usefulness of this approach for analyzing
changes in separation and retirement behavior in response to pension reform. See Daula and Moffitt (1995) for a
more extensive discussion of the point. Additionally, Blundell, French, and Tetlow (2016) provide a more recent
review of models of the retirement decision, including a discussion of the option value approach relative to dynamic
programming approach.



We conduct a cross-state comparison of teacher retention by estimating models and
predicting behavioral response in three states: Pennsylvania, South Carolina, and Tennessee.’ In
2001, all three state retirement systems enjoyed funded ratios near or even above 100 percent:
87.4 percent in South Carolina, 114 percent in Pennsylvania, and 99.6 percent in Tennessee. The
funded ratios dropped precipitously over the next 20 years in South Carolina and Pennsylvania
but not in Tennessee: In 2021, the ratios were 55.2 percent, 59.2 percent, and 98.5 percent
respectively (Public Plans Data, undated). In 2014 Tennessee and subsequently Pennsylvania in
2019 implemented hybrid DB/DC plans with Pennsylvania also allowing its employees to opt for
a DC plan. South Carolina allows public employees and teachers who are covered by the default
DB plan to opt for a DC plan, and South Carolina policymakers have discussed a move to a
hybrid plan. In this paper, we predict the retention responses over the careers of employees in
each of these states to changes in pension type as well as plan design reforms, such increases in
required employee contribution rates, and reductions in pension generosity.

We find substantial differences in teacher career retention across our states. For example, a
new teacher in Pennsylvania starting between the ages of 22 and 30 has a 63-percent probability
of continuing to teach to their 25th service year, compared with only 31 percent in South
Carolina and 47 percent in Tennessee. Consequently, our estimated models reflect significant
differences in underlying preference parameters, as well as teacher compensation, external
opportunity wage, and pension system design.

Despite these differences in preferences, pension system design, and other features, we find
remarkably consistent responses to common types of pension reforms across these states.® For
example, we find that in all three states an increase in employee contribution rates leads to a
decline in retention that is spread out over a worker’s career, with the largest declines in
retention occurring in mid-career. Further, we find a hybrid DB/DC system leads to limited
changes in retention over the early career but exhibits larger declines over mid-career than under
a DB system and extends the working life of career teachers. We find that changes to DB benefit
design, such as through changing the benefit multiplier (also known as an accrual rate) or cost-
of-living adjustments (COLAs), can have similar predicted responses to those predicted for
switching from a DB to a hybrid system. Importantly, our simulations demonstrate that a change
to a DB system can qualitatively mimic the consequence of shifting from a DB to a hybrid
system. Reforms can be designed to affect or not affect overall retention and may target

> These three states were selected based on data availability and recent reform history. In Tennessee and
Pennsylvania, data was only available for the teachers' retirement system. Differences in retention histories were
only discovered after the data was collected. The model could be extended to include nonteachers, as in Knapp,
Asch, and Mattock (2021) for South Carolina. In that context, we find similar retention responses across a variety of
reforms between teachers and state government employees.

® In a companion paper (Knapp, Asch, and Mattock, 2021), we consider a wider range of reforms for South Carolina
teachers and public employees. Some of these reforms elicit larger changes in retention than the common ones we
consider in this paper.



particular parts of a teacher’s career. Taken together, our results demonstrate that pension
reforms affect an employer’s entire workforce and will have long-run implications for turnover
and the mix of employee experience. These workforce changes have the potential to affect
retirement security, the provision of public services, the effectiveness of these pension reforms,
and ultimately the funding of the pension plan.

The paper is organized as follows. The next chapter describes the public pension systems in
detail in each of the three states under study and provides more contextual information regarding
recent pension reforms and pension funding levels. In Chapter 3, we describe our administrative
data for each state, and in Chapter 4 we discuss the structure of the model and our approach to
estimating it, and present simulations demonstrating each estimated model’s in-sample and out-
of-sample validity. In Chapter 5, we use the estimated models to conduct counterfactual policy
experiments to understand the sensitivity of retention to changes to pension reform. We present
our conclusions for setting pension reform policy in Chapter 6.



Chapter 2. Retirement Plan Design

Pennsylvania, South Carolina, and Tennessee’s main teacher retirement systems had only DB
plans before the Great Recession and all have since undergone some reforms. The details of
these plans are included in our model and estimation, and we simulate the retention effects of
reforms including some of these recent reforms. Here we describe these plan details as they are
important for the identification of our model’s parameters and are key mechanisms leading to
differences in retention responses near retirement.

DB plans across these states share a traditional DB plan design, but the parameters of the
benefits formula and the requirements for benefit eligibility vary. Traditional DB plans typically
define the annual benefit to retirees according to the following formula:

Benefit = Benefit Multiplier x Final Average Salary X Years of Service (1)

Final average salary (FAS) is the average of the highest years of the employee’s career; plans
differ in how many years over which they compute the average. The selection of more years
(e.g., over five years rather than three years) will typically result in a lower benefit given that
salaries rise with years of service. The benefit multiplier varies across plans. Vesting refers to
when employees have a right to the pension and is usually stipulated in terms of years of service
that must be completed. Plans also define conditions for normal retirement when employees can
begin to claim a full retirement benefit immediately upon separation, usually in terms of some
combination of age and years of service. DB plans often have provisions for early retirement
whereby employees can claim a reduced benefit if they meet age and/or years of service
requirements that occur earlier in the career. Finally, DB plans typically include a COLA
provision that increases the annual DB benefit with inflation, usually tied to the consumer price
index (CPI).

Under a DC plan, employees and employers contribute to a fund—the contributions are
defined, but the value of the fund and the employee’s retirement benefit depends on the
contributions as well as the returns on the assets of the funds. Employees are typically vested
early, and they own the fund, meaning that the fund is portable when they leave.

State and local pension systems vary in whether their members are covered by Social
Security. The three state systems we consider are all covered by Social Security. Social Security
benefits are excluded from our model; excluding these benefits means that we assume they do
not affect the retention decision.” Since Social Security benefits exist for work in and out of

7 Social Security provides monthly lifetime benefits on or after age 62, the earliest eligibility age for old-age
benefits, to contributing workers. This benefit structure may provide an incentive to retire on or after these ages. For



teaching, we do not expect excluding these incentives to have an identifiable impact on retention
decisions.® Teachers in our estimation sample mostly retire before Social Security’s earliest
eligibility age, suggesting that this exclusion is unlikely a binding incentive for our estimation
sample. However, incentives to retire related to eligibility for Social Security benefit payments
may affect older entrants or pension plans with later eligibility ages.

Pennsylvania Public School Employees Retirement System

The Pennsylvania Public School Employees Retirement System (PSERS) has undergone a
number of reforms leading to the creation of different retirement plans based on when
employment started. Before 2001, teachers accrued service credits toward a benefit plan known
as Class T-C, but Public Law 9 in 2001 created a new plan with a more generous benefit
multiplier known as Class T-D (Pennsylvania General Assembly, 2001). Teachers hired before
July 1, 2001, could elect whether to retain Class T-C at the previous contribution rate or pay 1.25
percent more. Teachers with T-C credit that converted to T-D had all previous T-C credits
converted to T-D credit. Data is not available on the number of people electing the more
generous T-D plan, but following the assumptions of PSERS actuaries from 2002 to 2010, we
assume that everyone converted and omit further discussion and analysis of Class T-C.’

Table 2.1 provides details of Class T-D’s plan design. A Class T-D teacher vests after five
years of service and has a benefit multiplier of 2.5 percent with an employee contribution rate of
7.5 percent of salary.'” The FAS is based on the highest three consecutive years of earnings. A
teacher is eligible for full benefits if they satisfy one of three eligibility tracks: (1) any age with
35 years of service, (2) age 60 with 30 years of service, or (3) age 62 and vested. A teacher may
claim benefits earlier but at a reduced rate if they are at least age 55 and have at least 25 service
years. The benefit in Equation 1 is reduced by 3 percent for each year prior to full benefit
eligibility. Additionally, no PSERS plans have an automatic COLA. Historically the legislature

the pension plans we use to estimate our models, the benefit eligibility conditions of teachers starting their career in
teaching (which we will define as starting teaching between ages 22 and 30), would have them reaching eligibility
before Social Security’s earliest eligibility age.

8 In an earlier analysis for a system that does not participate in Social Security, we found that modeling Social
Security benefit eligibility and the related structure leads to predicted behaviors that are odds with observed
behavior (see Knapp et al., 2016). Specifically, noncontributing workers may have an incentive to leave the
noncovered employment and work in Social Security covered employment for ten years to qualify for benefits. In
our model, where exiting teaching to irreversible, this led to teachers exiting early to collect ten years of covered
employment. While this may be a “true” incentive, we did not observe behavior consistent with this in the data,
suggesting that individuals in our sample are unaware of these incentives in Social Security. Excluding Social
Security from the model, which is analogous to assuming that Social Security does not influence the retirement
decision, led to the model being able to better reflect observed retention behavior.

% In 2020, an actuarial report did break out active membership by plan. In the fiscal year ending June 2020, there
were 2,845 T-C active members compared to 158,971 T-D active members (Buck, 2020).

10 The 7.5-percent employee contribution rate for PSERS Class T-D is for employees hired after July 22, 1983
(PSERS, undated-a). Employees hired before this date contribute 6.5 percent.



would approve COLAs every 4—6 years from 1968 to 2002, however, none have been approved
since 2002 (Pennsylvania State Employees’ Retirement System [SERS], undated).

Like many other pension systems facing unfunded liabilities following the Great Recession,
Pennsylvania’s legislature reformed the plans for PSERS employees with Act 120 in 2010.
Employees hired after July 1, 2011, were automatically placed in PSERS Class T-E but
employees could elect the Class T-F (Table 2.1). Plans T-E and T-F were only available for new
hires. Relative to the legacy plan, Class T-E decreased the benefit multiplier to 2.0 percent but
maintained the employee contribution rate. Class T-F maintained the benefit multiplier at 2.5
percent but increased the employee contribution rate to 10.3 percent. Both plans maintained the
computation of FAS. Both plans vested later, after ten years of service rather than five, and both
plans instituted more restrictive rules for normal retirement. They also have only two eligibility
tracks for full benefits: (1) age and years of service added to at least 92 (known as the Rule of
92) with at least 35 years of service, and (2) age 65 and vested. Eligibility for early benefits
remained the same as Class T-D. Only 18 percent had elected Class T-F as of December 2011
(PSERS, undated-c).



Table 2.1. Pennsylvania Public School Retirement System Rules for Employees Hired Before July

1, 2019
Class T-F DB®
_ b
Class T-D DB (hir?elgsasftlrﬁt?ri 30 (hired after June
(hired before July 1, ’ 30, 2011, and
A 2011, and before July
2011) 1, 2019) before July 1,
’ 2019)
DB employee contribution rate 7.5% 7.5% 10.3%
DB employer contribution rate® Varies by year, currently Varies by year, Varies by year,
34.94% currently 34.94% currently 34.94%
DB vesting service requirement 5 years of service 10 years of service 10 years of service
DB benefit multiplier 2.5% 2.0% 2.5%
DB full benefit eligibility Any age with 35 or more Rule of 92 (Age + Rule of 92 (Age +
requirements? years of service, or years of service) given years of service)
Age 60 with at least 30 35 years of service, or given 35 years of
years of service, or Age 65 with at least 10 service, or
Age 62 with at least 5 years years of service Age 65 with at least
of service 10 years of service
DB early benefit eligibility Age 55 with 25 or more Age 55 with 25 or more Age 55 with 25 or
requirements years of service years of service more years of
service
DB FAS Average of salary for 3 Average of salary for 3 Average of salary
highest consecutive highest consecutive for 3 highest
earnings years earnings years consecutive
earnings years
DB COLA Ad hoc Ad hoc Ad hoc
Social Security coverage Yes Yes Yes

SOURCES: Features information from PSERS, undated-a, 2019.

a Employees hired before July 1, 2001, were in a separate plan, Class T-C, but were given the option to switch to
Class T-D if they paid a 1.25 percent higher contribution rate. Class T-C had a benefit multiplier of 2 percent.
Converting employees had all T-C service credits converted to T-D credits at no additional cost. We assume are
employees convert to T-D in our analysis, so omit discussion of T-C here.

b From July 1, 2011, to June 30, 2019, public school employees could choose between PSERS Class T-E (default)
and PSERS Class T-F (optional).

¢ Employer contribution rate includes contributions to compensate for 15 years of under-funding of the system.
4PSERS has alternative normal retirement eligibility rules for individuals terminating at older ages with limited service.
Under Class T-C and T-D, the rule is age 62 with 1 year of service while under Class T-E and T-F, the rule is age 65
with 3 years of service.

The Pennsylvania legislature again changed its retirement plan options for new hires with
Act 5in 2017. School employees hired after July 1, 2019 (Table 2.2) were offered a choice
between three plans. Class T-G and Class T-H are hybrid DB/DC plans that blend a less
generous DB plan with a DC component. Class T-G was the default option and only new
teachers could enter these plans. Both T-G and T-H vest after ten years of service at any age or
three years of service from age 67. Compared to earlier plans, both increased the years included
in the computation of FAS from three to five years, lowered benefit multipliers to 1.25 percent
and 1.0 percent, and lowered DB contribution rates to 5.5 percent and 4.5 percent for plans T-G
and T-H, respectively. Class T-G has two eligibility tracks for full benefits: (1) age and years of



service added to at least 97 (known as the Rule of 97) with at least 35 years of service and (2)
age 67 and vested. Employees opting for Class T-H are only eligible for full benefits at age 67 if
vested. Eligibility for early benefits differ by plan. Employees in Class T-G are eligible at age 57
with at least 25 years of service. Similar to the earlier plans, employees in Class T-H are eligible
at age 55 with at least 25 years of service. Penalties for earlier retirement remain the same as
earlier plans.!'! For the DC component of Class T-G, there is a 2.25-percent employer
contribution and a 2.75-percent employee contribution (total employee contribution of 8.25
percent). For the DC component of Class T-H there is 2-percent employer contribution and a 3-
percent employee contribution (total employee contribution of 7.5 percent). The third plan
choice, Class T-DC, is only a DC plan. It requires a 7.5-percent employee contribution rate. All
DC components vest after three years of service.

Comparing the three plans, T-G, the default option, has the greatest employee contribution
rate across the DB and DC elements but provides the largest DB annuity. As of June 30, 2020,
more than 99 percent of teachers eligible to choose between the three plans were in Class T-G
(Buck, 2020).

" An aspect of all DB plans in PSERS is an option for starting benefits before early benefit eligibility (i.e., before
25 years of service). In this case, the benefits are reduced by an actuarially equivalent present value, which is
typically greater than the 3-percent reduction for collecting benefits after reaching 25 years of service and age 55 or
57 (for Class T-G). We incorporate these adjustments in our model as an alternative benefit eligibility track, but
given their high penalty, they are less frequently exercised by teachers in the model and in our simulations.



Table 2.2. Pennsylvania State Employees Retirement System Rules for Employees Hired on or
After July 1, 2019

Class T-G Hybrid Class T-H Hybrid Class T-DC
DB employee contribution 5.5% 4.5% n.a.
rate (2012)
DB employer contribution Varies by year Varies by year n.a.
rate (currently 34.94%) (currently 34.94%)
DB Vesting service 10 years of service, or 10 years of service, n.a.
requirement age 67 and 3 years of or age 67 and 3
service years of service

DB benefit multiplier 1.25% 1.00% n.a.
DB full benefit eligibility Rule of 97 (age + Age 67 with at least n.a.
requirements years of service) given 3 years of service

35 years of service, or

Age 67 with at least 3

years of service

DB early benefit eligibility Age 57 with 25 years Age 55 with 25 years n.a.
requirements of service, or age 62 of service, or age 62

with 3 or more years of  with 3 or more years

service of service
DB FAS Average of salary for5  Average of salary for n.a.
highest consecutive 5 highest
earnings years consecutive earnings
years

DB COLA Ad hoc Ad hoc n.a.
DC employee contribution 2.75% 3.0% 7.5%
rate
DC employer contribution 2.25% 2.0% 2.0%
rate
DC vesting service 3 years of service 3 years of service 3 years of
requirement service
Social Security coverage Yes Yes Yes

SOURCES: Features information from PSERS, undated-a, 2019.
NOTE: n.a. = not applicable. PSERS Class T-G is the default and employees can choose Class T-H or DC.

South Carolina Pension Systems

Since 2000, South Carolina teachers have had the option to choose between the South
Carolina Retirement System (SCRS), which provides a DB plan, known as Class 2, or the State
Optional Retirement Plan (SORP), which provides a DC plan where the employer contributes to
a fund owned by the employee that vests immediately and is portable but where there is no
guaranteed return on assets. SCRS is the default system. Prior to 2000, all employees were
covered by SCRS and had no option. Table 2.3 details the retirement plan rules for SCRS and
SORP.

In 2012, the South Carolina legislature passed Act 278, creating the Class 3 DB plan for
employees hired on or after July 1, 2012, and covered by SCRS. The new plan had greater age

10



and service requirements for benefit eligibility but maintained benefit rules and employee

contribution rates. Teachers hired on or after July 1, 2012, are also eligible for SORP.

Prior to 2005, employee and employer contribution rates were relatively constant at 6 percent

and 7.55 percent of salary, respectively (South Carolina Pension Benefit Authority [PEBA],

2006). From 2005, adjustments to employee rates were made periodically by the legislature and

to employer rates by PEBA. Starting with the reforms in 2012, both employer and employee

contributions have increased notably, increasing from 6.5 percent to 9 percent by 2018 for

employees and from 9.385 percent to 17.41 percent by July 1, 2022, for the employer (PEBA,

2012, 2022). Differences between the employer’s contribution rate and the 5 percent paid to an

employee’s SORP account go toward funding legacy costs associated with the SCRS.

Table 2.3. South Carolina Public Pension Rules

SCRS Class 2 DB SCRS Class 3 DB
(hired before July 1, (hired on or after July
2012) 1,2012)

SORP DC
(since 2001)

DB employee contribution
rate

Varies (currently 9%) Varies (currently 9%)

DB employer contribution rate  Varies (17.41% as of July Varies (17.41% as of

DB vesting service
requirement

DB benefit multiplier

DB normal retirement
eligibility requirements

DB early retirement eligibility

requirements
[reduction for each year]

DB FAS

DB COLA

DC employee contribution

rate

DC employer contribution rate

DC vesting service
requirement

Social Security coverage

1, 2022)

5 years of service

1.82%

Any age with 28 or more
years of service, or
age 65 with at least 5
years of service

Age 55 with 25 or more
years of service [4%], or
age 60 with at least 5
years of service [5%)]

Average of salary for 3
highest consecutive
earnings years

1% (up to $500)

n.a.

n.a.

n.a.

Yes

July 1, 2022)

8 years of service

1.82%

Rule of 90 (age + years
of service), or
age 65 with at least 8
years of service

Age 60 with at least 8
years of service [5%]

Average of salary for 5
highest consecutive
earnings years

1% (up to $500)

Yes

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

Varies (currently
9%; see Figure
2.1)

5%

Immediate

Yes

SOURCES: Features information from PEBA, undated-a—c.

NOTE: n.a. = not applicable. Since July 1, 2001, public employees have been able to choose between the SCRS DB

plan and the SORP DC plan.
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South Carolina Retirement System

SCRS follows a traditional DB formula shown in Equation 1. Both Class 2 and 3 SCRS
employees have a DB multiplier of 1.82 percent but differ in the computation of FAS; for Class 2
employees, FAS is based on the average of the highest three years of earnings while FAS for
Class 3 employees is based on the average of the highest five years of earnings. Class 2 and 3
employees also have different qualification criteria for full retirement benefits. Vesting is five
years for Class 2 employees and eight years for Class 3 employees. Employees of both plans
have two alternative eligibility tracks for full benefits. In the first track for Class 2, employees
are eligible for full benefits if they have at least 28 years of service regardless of age (e.g., an
employee starting at age 22 can collect full benefits starting at age 50). In the second track, Class
2 employees are eligible for full benefit at age 65 with five years of service. In the first eligibility
track for Class 3 employees, they are required to satisfy the Rule of 90 (e.g., an employee
starting at age 22 can collect full benefits starting at age 56 with 34 years of service). In the
second track, Class 3 employees are eligible for full benefit at age 65 with 8 years of service.

SCRS members can retire early if they accept a reduced lifetime benefit. For Class 2
members, they have two alternative eligibility tracks to qualify for early benefits. The first track
requires an employee to have 25 years of service and be at least 55 years old. Under this track,
the benefits in Equation 1 are reduced by 4 percent for each year prior to full benefit eligibility.
In the second track, teachers are eligible for early benefits from age 60 if they are vested. In this
case, the benefits in Equation 1 are reduced by 5 percent for each year prior to full benefit
eligibility. Class 3 members are only eligible for early benefits under the second track.

Finally, benefits for both employee classes are adjusted annually for cost of living by 1
percent regardless of inflation up to a maximum adjustment of $500 per year.

State Optional Retirement Plan

When an employee is hired into a position covered by SCRS, he or she is defaulted into
SCRS, but has the option to switch to SORP within the first five years of employment. Like
other DC plans, the employee and employer make contributions to an individual SORP fund and
the employee manages how the balance is invested and is responsible for the risk associated with
variable returns on the fund. The SORP employee contribution rate is 9 percent, and the
employer contribution rate is 5 percent of the employee’s salary. Historically, the employee
contribution rate for SORP has remained the same as the employee contribution rate for SCRS.

Tennessee Pension System

The Tennessee Consolidated Retirement System (TCRS) administers a DB plan for
Tennessee public employees hired before July 1, 2014, and, for employees hired since, a hybrid
DB/DC plan (Table 2.5).
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Under the legacy DB plan, employees are vested after five years of service with a benefit
multiplier of 1.5 percent. Teachers receive a “benefit improvement” that increases the
individual’s base benefit by 5 percent for a combined benefit multiplier of 1.575 percent.
Employees covered by either plan contribute 5 percent of their earnings while the employer
contribution varies by year and plan. The DB portion of hybrid plan maintains the vesting
requirements of the legacy DB plan and a FAS based on the highest five consecutive years but
eliminates the benefit improvement and lowers the multiplier from 1.5 to 1.0 percent. Under the
legacy DB plan there are two eligibility tracks for full benefits: (1) any age with 30 service years
and (2) age 60 and vested. Under the hybrid plan, full benefit eligibility was delayed, but
retained two eligibility tracks: (1) age and years of service adding to at least 90 (the Rule of 90)
and (2) age 65 and vested. Both plans offer early benefit eligibility at a reduced rate. Under the
legacy DB plan there are to eligibility tracks for early benefits: (1) any age with 25 service years,
and (2) age 55 and vested. Under the hybrid plan, early benefit eligibility also has two eligibility
tracks: (1) age and years of service adding to at least 80 (known as the Rule of 80) and (2) age 60
and vested. Penalties for starting benefits early differed across plans. For the legacy DB plan, the
benefit in Equation 1 was reduced by 4.8 percent per year it was started before full benefit
eligibility and after age 55, and by an additional actuarially penalty for years before age 55. For
the hybrid plan, the penalty was based on an actuarial reduction for the number of years until full
benefit eligibility. Regardless of plan, DB benefits are adjusted annually based on inflation, but
the adjustment cannot exceed 3 percent per year.

The hybrid plan includes a DC component that vests after five years of service and requires a
2.0 percent and 5.0 percent contribution rate for employees and employer, respectively. The total
teacher contribution rate under the hybrid plan is 7 percent, compared with 5 percent under the
legacy DB plan.
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Table 2.4. Tennessee Public Pension Rules

TCRS DB TCRS Hybrid DB/DC Plan
(hired before July 1, 2014) (hired after July 1, 2014)
DB employee contribution rate 5.0% 5.0%

DB employer contribution rate
DB vesting service requirement
DB benefit multiplier

DB base benefit improvement

DB full benefit eligibility requirements

DB early benefit eligibility
requirements
[reduction for each year]

DB FAS

DB COLA

DC employee contribution rate
DC employer contribution rate
DC vesting service requirement

Social Security coverage

Varies (10.3% in 2021)
5 years of service
1.5%
5.0% increase in base benefit

Age 60 with 5 years of service, or
any age with 30 years of service

Age 55 with 5 or more years of
service [4.8%], or
25 years of service [4.8% per year
+ additional actuarial reduction
before age 55]

Average of salary for 5 highest
consecutive earnings years

Change in CPI, capped at 3.0%
n.a.
n.a.
n.a.

Yes

Varies (2% in 2021)
5 years of service
1.0%

n.a.

Age 65 with at least 5 years of
service, or
Rule of 90 (age + years of service),

Age 60 with 5 or more years of
service, or
Rule of 80 (age + years of service)
[actuarial reduction based on time
to full benefit eligibility]

Average of salary for 5 highest
consecutive earnings years

Change in CPI, capped at 3.0%
2.0%
5.0%
5 years

Yes

SOURCES: Features information from Tennessee Treasury Department, 2019, 2021a, 2021b.

NOTE: n.a. = not applicable.

Cross- and Within-State Comparisons of Benefit Value

The pension plan rules described above are complex, making direct comparisons across

states and service length difficult to comprehend. In Figure 2.1, we provide a comparison of

legacy DB pension plan values (employees hired before 2011) based on a teacher’s years worked

at the time of separation, as well as how plan values differ within each state. The values reflect

the expected lifetime benefit if payment started as early as permissible by the plan rules

following separation. We use a stylized example of a teacher that begins teaching at age 22 and

continues teaching until they separate. To avoid the complication of cross-state differences in

lifetime earnings trajectories, we use a common pay trajectory (i.e., that of South Carolina

teachers; see Chapter 3). Also, we do not adjust values based on a personal discount factor, and

for defined contribution plans we assume a 3.5 percent real rate of return.

At the full benefit ages of the respective plans (indicated by solid markers), the differences in

lifetime value in Panel A of Figure 2.1 reflect the difference in the benefit multiplier—

Pennsylvania’s T-D plan with a 2.5 percent multiplier is the most generous, while Tennessee’s

DB plan is the least generous with a multiplier of 1.575 percent. However, the comparison also

highlights that pension values differ across plans and lengths of service and reflects the nuance
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of plan design. For example, at 28 and 30 service years, lifetime benefits are higher for South
Carolina and Tennessee teachers relative to Pennsylvania teachers because they are eligible for
immediate, unreduced pension benefits. Another interesting comparison is how close South
Carolina and Tennessee are after eligibility for full benefits despite South Carolina having a
greater multiplier. The difference we do observe after eligibility for full benefits reflects
differences in COLA provisions; Tennessee provides COLAs up to 3 percent whereas South
Carolina only provides COLAs up to 1 percent or $500 (whichever is lower).

Figure 2.1. Example of Valuation of Lifetime Pension Benefits by Plan

A. Across Legacy DB Plans B. Across Pennsylvania Default Plans

1200 ———PA T-D DB plan 1200 PA T-D DB plan

S ———SC Class 2 DB plan S | e PA T-E DB plan

S 1000 TN DB plan S 1000 — — —PA T-G Hybrid plan
£ 800 / £ 800
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[0 [0
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C. Across South Carolina Plans D. Across Tennessee Plans
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NOTE: Value of lifetime benefit presents the payment of benefits from the earliest payment age after separation to
age 85, the assumed death age. This example assumes a teacher is age 22 at entry, will have an earning trajectory
similar to the South Carolina earning trajectory presented in Figure 3.1, and a 3.5-percent real rate of return for DC
plans. Solid markers indicate full benefit eligibility age for a plan, and hollow markers indicate years of service where

a teacher starting at age 22 and working continuously would be eligible to start their pension benefits if they separate,
but at a reduced rate.
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Panels B-D in Figure 2.1 highlight differences across plans within each state. We find that
the trend in reforms has been toward lower lifetime benefits. Hybrid and DC plans may offer
somewhat higher benefits for separations before vesting and, in some cases, before the earliest
eligibility ages for DB benefits. This difference is sensitive to our assumed real rate of return. At
higher real rates of return, DC plans will have higher valuations. In South Carolina, where
eligibility requirements were the major change between Class 2 and Class 3, the Class 3 DB
benefit provides strong financial incentives to continue work from 28 years of service (i.e., Class
2 benefit eligibility) to 34 years of service; lifetime benefits increase by 87 percent compared
with only 8 percent under the Class 2 plan. In Tennessee, the introduction of an early retirement
option for younger entrants has limited effect on the benefit growth given the actuarial
adjustments for longevity.

Figure 2.1 provides a stylized example of how pension plan rules affect the value of lifetime
benefits for someone starting teaching at age 22. Lifetime benefits differ based on entry age and
lifetime earnings, as well as the discounted value today of income deferred to the future. In our
model, we incorporate the detailed rules of the pension plans described in this chapter and use
this policy variation to identify the model’s parameters.
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Chapter 3. Data

Evaluating differences in retention decisions arising from alternative retirement plan designs
requires a model that explicitly incorporates the policy attributes of the retirement systems
discussed in Chapter 2 and defines an underlying process for how teachers decide between
continuing to teach and leaving their employer. This decisionmaking process is defined in
Chapter 4, but identifying the underlying model parameters associated with that process requires
rich variation in individual-level retention decisions that can only be captured with longitudinal
data. We collected personnel data from each state’s Department of Education, which tracks
teacher retention over a period of 7—14 years. These data also include information on teacher pay
and service years.

As part of the decisionmaking process, teachers consider the trade-off between continuing to
teach and leaving. A teacher that continues to teach earns pay commensurate with their
experience and an increase in future retirement benefits. A teacher who leaves receives their next
best alternative and, if and when they are eligible, their retirement benefit from teaching. We
model the next best alternative for teachers using an estimated trajectory of education-adjusted
private sector pay in their state based on age. We use public-use survey data from the American
Community Survey (ACS) to estimate these private sector life-cycle earnings trajectories.

In this chapter, we briefly discuss the personnel data for each state. We then describe the
samples, selected from these populations, used to estimate our retention models. Finally, we
estimate earnings by years of service (earnings trajectories) for teachers and private sector
workers with at least a bachelor’s degree in Pennsylvania, South Carolina, and Tennessee.'?

Teacher Personnel Data

Longitudinal teacher data was collected from the Pennsylvania Department of Education
(PDE) covering 2013 through 2019, the South Carolina Department of Education (SCDE)
covering 2008 to 2020, and the Tennessee Department of Education (TDOE) covering 2006 to
2019. The Pennsylvania dataset was obtained via a request to PDE. The South Carolina dataset
was obtained under a Freedom of Information Act request. The Tennessee dataset was obtained
with the approval of TDOE and via the Tennessee Education Research Alliance at Vanderbilt
University. Personnel data include information on demographics, age, and educational
attainment and characteristics about the individual’s employment in public schools (e.g., full-
time/part-time status, years of service).

12 The structure and some of the content of this chapter draws from our earlier work in Knapp, Asch, and Mattock
(2021).
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Table 3.1 reports statistics on workforce characteristics as of 2019. The majority of public
school teachers across all three states were female, White, and had at least a bachelor’s degree.
Interestingly, 27 percent of Pennsylvania teachers were male, compared with 19 percent in South
Carolina and 21 percent in Tennessee. The majority of teachers were under age 45 and had less
than 20 years of tenure across all three states. There were also differences in the share of the
teaching workforce with less than ten service years: 35 percent in Pennsylvania, 43 percent in
South Carolina, and 46 percent in Tennessee. More than 60 percent of teachers were age 30 or
younger when they entered teaching. Only 15 percent or less entered after age 35.
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Table 3.1. Public School Teacher Descriptive Statistics (2019)

PA Teachers PA Teachers SC Teachers SC Teachers TN Teachers TN Teachers

(after (after (after
selection) selection) selection)
Population size 151,281 67,967 52,265 20,168 78,689 22,971
Gender (%)
Male 26.5 28.7 18.8 17.0 21.0 215
Race (%)
White 93.0 95.8 78.2 82.2 73.5 76.5
Black 4.3 25 15.2 13.9 111 9.3
Other/missing 2.7 1.8 6.6 4.0 15.4 14.2
Educational Attainment (%)
Less than BA?® 1.1 0.0 - - 0.0 0.0
BA+ 98.9 100.0 97.3 100.0 99.7 100.0
Unknown/missing 0.0 0.0 27 0.0 0.3 0.0
Age (%)
Less than 25° 2.0 - 33 - 1.9 -
25-34 223 20.6 271 27.9 22.6 23.0
35-44 33.4 44.3 27.8 34.4 28.6 343
45-54 28.4 28.7 251 26.8 27.7 30.9
55+ 13.9 6.4 16.4 10.9 18.0 11.8
Unknown/missing 0.0 0.0 0.4 0.0 1.2 0.0
Years of Service (%)
Less than 5 17.5 34 241 7.5 274 7.3
5-9 17.5 15.9 18.6 20.6 18.4 18.8
10-14 21.0 25.0 18.2 20.0 16.0 15.3
15-19 18.5 21.8 14.1 16.3 14.4 20.3
20-24 141 17.7 11.6 16.5 10.7 17.0
25-29 71 9.7 6.4 9.6 6.7 11.3
30+ 4.2 6.4 5.8 9.7 5.9 10.0
Unknown/missing 0.0 0.0 1.2 0.0 0.4 0.0
Entry Age (%)
Less than 22 1.0 0.0 0.1 0.0 0.5 0.0
22-30 69.9 100.0 68.5 100.0 60.9 100.0
31-35 12.0 0.0 12.3 0.0 14.0 0.0
36-40 7.6 0.0 8.0 0.0 9.6 0.0
41-45 5.2 0.0 48 0.0 6.2 0.0
46-50 27 0.0 24 0.0 37 0.0
51-55 1.1 0.0 1.0 0.0 2.0 0.0
56+ 0.5 0.0 0.4 0.0 1.4 0.0
Unknown/missing 0.0 0.0 2.5 0.0 1.6 0.0

@The administrative file does not separately identify teachers with unknown education and those with less than a
bachelor’s degree.
b Since we restrict our sample to entrants 22 and older and teachers that enter teaching in the state before 2016, the
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youngest entrants in the last year would be 25 by 2019.

Sample Selection

In estimating our model of retention behavior, we select a sample of teachers from the
longitudinal data that can help identify the model parameters. These parameters reflect teachers’
preference for staying or leaving public school teacher employment by capturing how workers
weigh compensation for teaching, including current pay and future pension benefits, versus
compensation by a private employer. In the model, workers consider these monetary trade-offs
as well as any additional nonmonetary benefits/costs of being a public school teacher and
uncertainty surrounding transitory factors that may affect their decision to stay or leave in the
future. As a consequence, the model needs to be estimated on a group of teachers that have
similar potential career trajectories and incentives. So, we estimate separate models for each
state.

We have several sample restrictions aimed at ensuring our estimation sample reflects
teachers with an interpretable employment history.'> We limit our sample to teachers working
full time—individuals that work less than full time or more than full time may have different
work incentives from traditional full-time workers. We exclude employees with records that start
before age 18 or after 100, as these likely reflect data entry errors. We only include employees
who started employment as a teacher, which allows us to include employees that go on to be
principals but excludes school employees that do not have teaching as their primary profession at
entry. We also exclude teachers with missing information on their educational achievement or
with less than a bachelor’s degree at entry as this is typically a requirement and so entering
without one is rare. We exclude teachers that are ever observed having a decrease in their
reported experience, suggesting that there is an error somewhere in their record. We drop rehires
(teachers hired in during the period of our data but that begin with nonzero years of service) and
teachers with more than a two-year gap in employment.!* Teachers with extended gaps and
rehires were excluded because these situations generally reflect new spells of employment with
the same employer, an aspect not accounted for in our model.'?

We have two final sample restrictions that have a notable impact on the composition of our
sample. We restrict to teachers first employed between ages 22 and 30 to ensure similar initial
conditions (i.e., people whose initial employment is as a teacher). This facilitates a clearer
identification of the model’s parameters based on teachers that become eligible for benefits
based primarily on a career teaching. Using later entrants increases the possibility of experiences

13 These administrative data are designed to provide cross-sectional information, but we extend them to longitudinal
form.

14 Teachers are often permitted to take a limited employment gap related to a life event, such as having a child,
while retaining the right to return to their previous position at the end of gap.

15 Allowing for multiple spells of employment significantly increases the complexity of the model.

20



before teaching influencing the teacher’s retention decision. We suspect that older entrants may
be a differentially selected group and that characteristics determining their choice to enter
teaching at a late age are not well captured by the current version of our model. Additionally, we
exclude entrants who start after 2015 because of an insufficient length of time to observe their
retention behavior.

The above exclusions affect some of the characteristics of the sample, as shown in Table 3.1.
For example, a higher share of teachers has longer tenures than the general samples after
applying our sample restrictions, such as having at least 30 years of service, because those
entering at younger ages have more opportunity to accumulate longer tenures than those entering
at older ages. Additionally, our sample of older teachers becomes smaller because older entrants
have been excluded. Demographic changes are relatively small. Samples become more White by
3 to 4 percentage points, but changes by sex vary by state, with Pennsylvania becoming 2
percentage points more male and South Carolina becoming 2 percentage points less male.

Earnings

In our model of retention behavior, a worker considers his or her current pay relative to their
next best option if they were to leave public school teaching. Therefore, we need earnings
estimates for both their current employment and their next best option.

We estimate six earnings trajectories, two for each state. We use ACS data to estimate
private sector earnings trajectories for women with at least a bachelor’s degree in each state
(Ruggles et al., 2022). We use the teacher personnel data from each state to estimate teacher
earnings. For teachers we assume their next best option is the average private sector pay
conditional on their age and educational achievement.

We estimate a piecewise linear model of the wage trajectories over a career for private sector
workers and public school teachers. Since ACS earnings are top coded (i.e., exact earnings above
99.5 percent are not reported), we use a Tobit model to estimate earning trajectories and include
age, gender, and veteran status as explanatory factors. For teachers, we follow a similar model,
except for an ordinary least squares regression is used in place of a Tobit model because there is
no top coding and veteran status is excluded from that model as that is not an observed factor.
Additionally, the teachers’ model includes year indicators, with the baseline set to 2019 to ensure
comparability between teacher and private sector earnings trajectories. This model is reported in
Appendix A.

Figure 3.1 depicts the earnings trajectories for each state, with solid lines representing state
teacher earnings trajectories and dashed lines representing private sector earnings trajectories.
Earnings trajectories are predicted by age for nonveteran women. Earnings after age 55 are
assumed to be constant to avoid declines in earnings due to selection based on retention,
retirement decisions, and work effort. The South Carolina and Tennessee earnings trajectories
suggest that deferred compensation (through the public pension) or nonmonetary benefits from
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public service would typically need to exceed the private sector pay premium in order for South
Carolina and Tennessee employees to remain in their public school teaching positions. The
earnings trajectories for Pennsylvania tell a different story; in this case public school teachers
receive more earnings than their private sector counterparts—over $10,000 a year on average

over the entire life cycle.

Figure 3.1. Earnings Trajectories for PA Private Sector Workers and Public School Teachers (2019
dollars)

20 25 30 35 40 45 50 55 60 65

SOURCES: Authors’ calculations using ACS, PDE, SCDE, and TDOE data.
NOTE: Earnings trajectories reflect workers will at least a bachelor’s degree.

constant after age 55.

Age

22

Pennsylvania teachers

--------- Pennsylvania private
sector workers
South Carolina teachers

--------- South Carolina private
sector workers
Tennessee teachers

--------- Tennessee private sector
workers

Earning trajectories are assumed to be



Chapter 4. Model

In this chapter we give an informal description of the model, and our approach to estimating
the model, followed by a formal description of the model. We then present parameter estimates
and show the model’s fit with the data. The chapter concludes with a discussion of the
limitations and advantages of the model. Much of the content of this chapter generalizes from
material originally presented in Knapp, Asch, and Mattock (2021).

Dynamic Retention Model

An employee with an employer-sponsored DB plan who is making a decision of whether to
stay or leave their employer must place a value on the option to receive that benefit in the future.
They must solve an inherently forward-looking, dynamic problem. To understand the
relationship between the retention decision and pension design, we develop and estimate a
dynamic programming model known as the dynamic retention model (DRM; Asch and Warner,
2001; Asch et al., 2008; Daula and Moffitt, 1995; Goldberg, 2002; Gotz and McCall, 1984;
Knapp et al., 2016; Mattock and Arkes, 2007). We explicitly model the full dynamic
decisionmaking process from the current point in time until some future terminal point.

Teacher i at service year ¢ considers whether to stay a public school teacher or leave teaching.
Once a teacher leaves teaching, we assume they do not return. We define the value of staying a
public school teacher as Vft + &/, where Vii represents the expected value of staying and &7, is

a random shock. The expected value of staying is
Vi = v + wi + BE, [Max(Vi,St+1 +efein Vi + 55t+1)] (2)

where
yi~N(u, o) is individual taste for being a public school teacher relative to an external
position
wf is the annual earnings as a career public school teacher with 7 service years
B is the personal discount factor

Vft +1 1s i’s value of staying a public school teacher at ¢ + 1 service years

Vi .1 is i°s value of leaving teaching at 7 + 1 service years

E[Max(V31 + €fepr, Visgr + €fre1)] is i°s expected value at ¢ of being able to choose
“stay” or “leave” in ¢ + 1, depending on which has a higher realized value.
We use an estimated teacher’s earnings trajectory based on teacher experience for wf
discussed in Chapter 3.
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Teacher i’s value of leaving teaching at time ¢ is Vi’jt + &7, where Vi_Lt is the expected value of
leaving and &7, is the random shock associated with that choice. The expected value of leaving

includes external earnings and public school teacher retirement benefits, if any. Thus,
Vi,Lt =wg + Z?=a+1 B wg + RcCl,t (3)

where
wg is average annual earnings in the external market at age a, which is a function of the
year individual i separates from teaching (this is suppressed for notational simplicity)
4141 B5%w¢ is the present value of future external earnings through a terminal
working age, assumed to be age 65
Rg ; is the present discounted value of retirement benefits accrued for a public school

teacher leaving at age a with ¢ years of service as a public school teacher.

We use an estimated private sector earnings trajectory based on age for w; discussed in
Chapter 3. Consistent with policy, Equation 3 assumes that to claim public school teacher
retirement benefits, the individual must have left public school teaching. Individual i decides to
continue as a public school teacher at ¢ service years if the value of staying is greater than the
value of leaving, or

S c _ S c L e
VS + efy = max(V3, + ef, V5 + €f,)

This expression is not an expected value of the maximum but a simple maximum because the
shocks in ¢ have been realized and are known to the decisionmaker. Thus, the probability of
staying as a public school teacher for teacher i at service year ¢ is

Pri(Stay) = Pr(V5 + &f > VE + ef,) = Pr(ef, < ef, + V5 — V&)

Conditional on &/, and &7, being independently and identically distribution with an extreme

value distribution with zero mean and scale parameter A, the probability of staying has a closed-
form expression (Train, 2009):
i

Pry (Stay) = (4)

&7
Vie Vi
el +e 1
We do not observe individuals’ tastes for public school teaching 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 public school teaching are normally distributed, and the random

shocks have an extreme-value type 1 distribution. Given these distributional assumptions, we can
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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 taste distribution of teachers at entry, and the discount factor.

We next present the choice probabilities, the cumulative retention probabilities, and the
likelihood equation. Since we assume both &7, and &/, have an extreme value distribution with

scale parameter A, the expected value of the maximum has a closed form:

E; [maX(Vii+1 + &l pi1s Vi,Lt+1 + £§t+1)] = Jf maX{Vi,StH + & ri1r Vi,Lt+1 + 85t+1} X
EV(ef,)EV (efp)def def,

S L
Vit+1 v

it+1
e 2 +e 2

Aln

Substituting this into the expected value of staying (Equation 2), we have

S L
Vier1 Vit

VS =v+wf+pAlnle 2 +e 4 l (5)

Thus, we have an explicit expression for the value function of staying, given (unobserved to the
analyst) taste for being public school teacher, y. The expression for the value function for
leaving, VilLt, is straightforward and given in Equation 3.

The expressions on the right-hand side of Equations 2 and 3 are used in model estimation
when recursively evaluating the probability that teacher i chooses to stay at service year ¢,
Pr;¢(Stay), which is given by Equation 4. The probability of i leaving at service year ¢ is
1 — Pr;(Stay).

Given independent shocks in each period, the cumulative probability that teacher i will stay
through service year ¢ — 1 may be written thus:'¢

t—1
cumulativePr(Stay);, = Pr; 11 (Stay)

s=0

The cumulative probability that teacher i stays for z — 1 years and leaves at ¢ is

16 At entry, each teacher is assumed to decide to stay for the first period. In other words, when a teacher enters, it is
assumed that the teacher has in effect decided to stay for the first period: Pr; ; (Stay) = 1. Hence, the first stay/leave
decision occurs at the beginning of the second period.
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t-2
cumulativePr(Leave);; = Pris+1(Stay)(1 — Pr;(Stay))

s=0

These probabilities are conditioned on the unobserved taste parameter, y. We assume the
taste parameter has a normal distribution g(y) with mean u and standard deviation a. We use
this information to formulate the expected cumulative probability of a given career path, or the
likelihood of that path. Thus, for teacher i in our data who stays through 7 — 1 and leaves at ¢, the
likelihood of that career path is

Liw o, ,B) = 7 TIE23 Prygyq (Stay)(1 — Pry(Stay)) g()dy  (6)

Similarly, if the individual stays through 7 and is then censored, the likelihood is

t—1
Lo dp) = [ [ ]Prisatstan gy
~®s=0

Thus, the likelihood for the entire data sample, N, is given by

L(,ll, 0-7/11,8) = 1_[['1(#: O',/l,ﬁ)

Extending the Model to Include Incumbent Teachers

The discussion so far is relevant to a population of teachers observed from the beginning of
their careers. To consider incumbent teachers who entered prior to the period of observation, we
need to extend our model, similar to the method described in Knapp et al. (2016). For
concreteness, let’s consider South Carolina public school teachers. Our data included new
entrants from 2008 to 2015 followed to 2020; however, such a sample provides no observations
of years where individuals are retirement eligible. To augment the sample, we extended the
DRM model to allow inclusion of teachers who were incumbent in 2008, on whom we had
longitudinal data from 2008 forward to 2020. The extension assumed their taste distribution at
entry was the same as the taste distribution of the 2008—-2015 new entrants. Under this
assumption, we expressed their conditional taste distribution as of 2008 in terms of the new
entrant taste distribution and the cumulative probability that individuals of a given taste, who
entered in years before 2008, stayed until 2008. Like 2008-2015 new entrants, they were then
followed forward to 2020 and in each year could choose to stay or leave. We followed a similar
line of reasoning for Pennsylvania and Tennessee public school teachers, although their data
stops in 2019 and begins in 2013 and 2006, respectively.
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The density of taste, y, at the start of year of service t conditional on staying continuously
from entry to t is

p(Y1So,S1, s Se—1) = D(V)S0sS1s s Se=1)/D(S0s S1s -+ St—1)

= p(SOI Slr L] St—l |)/)g(]/)/p(50, Sl! L] St—l) (7)

Here, p(sy, S, .-, St—11y) is the probability that a teacher stays continuously to complete t — 1
years of service (i.e., stays to the beginning of period ¢) given a particular value of taste drawn at
entry into teaching. As before, the density of taste for new entrants is g(y). The denominator,
p(So, S1, ---»S¢—1), 1s the probability of staying continuously to complete ¢ — 1 years of service
averaged over all values of taste, that is, taste is integrated out.

The DRM is a first-order Markov process, so the probability of staying in t — 1 given that
one has stayed continuously from entry through t — 2 is just the probability of staying in t — 1
given staying in t — 2, and so forth. The expression in the numerator of Equation 7 can then be
written

P(S0,S1, » Se—1l¥) = P(Sec1|VIP(Se—21Y) - (S0 V)
Also, the denominator in Equation 7 is this probability averaged over taste:
PGSor515e) = | DGl IPGeal) - p(solng (i

These results imply that Equation 7 can be written as

p(Se—1 V)P (Se=2lY) . p(SolV) 9 (¥)
IZ p(secalV)p(se-2ly) - p(Sol¥) g () dy

p(V|50, S1y vy St—l) =

The usefulness of this expression for the conditional probability of taste given some period of
staying (left-hand side) comes from breaking it into a product of per-period stay probabilities of
known form multiplied by the a priori taste distribution, also of known form (assumed to be
normal), divided by an average value that can be computed from the same expressions.

Returning to our South Carolina example and using the conditional density of taste for an
incumbent teacher’s years of service as of 2008, we can construct probability expressions for the
incumbent’s retention decisions in years from 2008 forward in the same fashion as done for new
entrants, where the unconditional density of taste was used. For example, consider teachers who
served continuously from entry and were making a stay/leave decision at the beginning of year
of service 20 in 2008. These teachers began in 1989 and had already completed 19 years of
service. The conditional taste distribution for these teachers is
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p(s10lY)n(sislyY) . (Sol¥V)g (V)
[ p(s10lYIP(5181Y) D (S0lV)g(¥)dy

In developing the likelihood for these teachers, this taste distribution was used in place of
g(y) in Equation 6 and their retention decisions were tracked from 2008 through 2020, the last
period observed in the dataset. We followed similar logic in constructing the likelihoods for our
Pennsylvania and Tennessee teacher DRMs.

Interpretation

In Equation 2, the value of staying depends on a teacher’s expected earnings in each year of
service and the teacher’s “taste,” y, for working as a public school teacher relative to the external
market, as well as the discounted value of the expected value of the maximum of staying or
leaving in the next year. Taste represents the monetary equivalent of the individual’s preference
for working as a public school teacher relative to an external job. The model uses estimated
earnings trajectories to represent the expected public school teacher salary and external salary.
An individual might believe his or her expected salary is persistently higher or lower than those
curves, and the net effect of the perceived difference enters into the taste term. In essence, taste
can be regarded as a person-specific fixed effect.!” It is unobserved, and we assume it has a
normal distribution among teachers entering service at the beginning of their teaching career. We
estimate the mean and standard deviation of the taste distribution at entry. The population taste
distribution of a cohort changes with years of service because of selective retention; as time goes
on higher-taste teachers tend to stay, while lower-taste teachers tend to leave.

The model also includes transitory shocks associated with being a public school teacher and
with an external career. Examples of shocks are changes in teaching assignments, transfer
opportunities, external job offers, or tied moves (e.g., when a partner’s job location changes).
The scale factor for transitory shocks is the variance of the residual factor. It captures time-
varying differences that are not otherwise explained by other elements of the model, such as
differences in pension plan design, earnings, or the other model parameters.

In addition to expected earnings and taste, the value of staying as a public school teacher
includes the value of the option to leave at a later date. The option value comes from being able
to revisit the stay/leave decision in each future period.'® Although the shocks that will be realized
in future periods are not known in the current period, there is value in being able to choose
between staying and leaving in each future period as compared with committing in the current
period to a certain length of stay, or certain time of departure, in the future. Like taste, the shock

17 This fixed effect also includes the difference in retirement wealth between private sector retirement plans and
state retirement plans.

18 This notion of option value is broader than that of the option value of Stock and Wise (1990).
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is unobserved, but we assume shocks follow an extreme value distribution with zero mean, and
we estimate the standard deviation of the distribution.

Choices made in the current period affect the value of choices in the future. A public school
teacher choosing to stay adds a year of service, moving closer to retirement eligibility and
increasing retirement benefits, thereby influencing the value of staying in the future. Similarly,
past choices affect the value of staying in the current period.

An additional choice is available to some public school teachers: the choice of a retirement
plan. South Carolina public school teachers entering after the year 2000 could choose between a
DB and a DC retirement plan. Similarly, Pennsylvania public school teachers hired after June 30,
2011, could choose between two DB plans, with varying employee contribution levels and
retirement multipliers. Tennessee teachers do not have a choice of retirement plans. We
incorporate these choices when estimating the model, but do not explore them here. For a
discussion of plan choice in the context of South Carolina, see Knapp, Asch, and Mattock
(2021).

Model Estimation and Fit

To estimate the DRM, we use the mathematical structure of the model together with
assumptions about the population distribution of tastes across teachers at entry and the shock
distribution. Equation 6 allows us to compute a likelihood of each individual’s total years of
service. Importantly, each transition probability is itself a function of the underlying parameters
of the DRM. The parameters of the model to be estimated are the taste distribution (x, o), the
shock distributions (1), and the discount factor (f). The estimation routine finds parameter values
that maximize the likelihood. Additional technical details on the estimate of the model are
discussed in Appendix B.

The general structure of the public school teacher models for each state is identical but
parameters are estimated separately for each model. What differences exist are due to differences
in the data sample (public school teachers in different states), different estimated earnings-age
curves to represent the expected public school teacher salary and private sector salary trajectories
for each state, and differences in the retirement plans available in each state.

Table 4.1 shows the parameter estimates for public school teachers. The scale of the
transitory shock, and the mean and standard deviation of taste are all denominated in thousands
of dollars. South Carolina teachers have a positive mean taste of $6,700 at entry, with a standard
deviation of $21,400. The scale of the transitory shock for South Carolina public school teachers
is $106,500 or about five times the standard deviation of the taste distribution, indicating that
while taste is an important determinant of retention, idiosyncratic shocks to individuals are even
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more s0.!” The discount factor is 0.95 for South Carolina public school teachers; this corresponds
to a discount rate of 5.3 percent, which is low compared with rates estimated for other
populations using the DRM.

Pennsylvania and Tennessee teachers have positive mean tastes of $8,900 and $8,300 at
entry, and standard deviations of $18,500 and $27,000, respectively. The scale parameters of the
transitory shock for Pennsylvania and Tennessee public school teachers are $49,200 and

$61,400, so the scales are about 2—3 times their respective standard deviations (:i:‘igg =
2.7, :2;‘333 = 2.3). This indicates that, as with South Carolina, while taste is an important

determinant of retention, idiosyncratic shocks to individuals are even more so. The discount
factor is 0.92 for Pennsylvania public school teachers, which is comparable with rates estimated
for other populations using the DRM, while the discount factor is 0.95 for Tennessee public
school teachers, the same estimated for South Carolina public school teachers.

Table 4.1. Parameter Estimates

Parameters Pennsylvania Teachers South Carolina Tennessee Teachers
Teachers

Scale of transitory shock (1) 49.2 106.5 61.4
(1.0) (1.4) (2.5)

Mean of taste distribution (1) 8.9 6.7 8.3
(0.4) (0.0) (0.7)

Standard deviation of taste (o) 18.5 214 27.0
(0.3) (0.0) (0.5)

Discount factor (B) 2.5[0.92] 2.910.95] 2.910.95]
(0.0) (0.0) (0.1)

Sample size (unique teachers) 82,046 41,957 42,675

Log-rank test statistic 0.68 0.09 4.56

NOTE: Parameters estimates based on maximum likelihood. Standard errors in parentheses. Parameter estimate for
the discount rate is transformed to bound the parameter between 0 and 1. The value in square brackets reflects the
transformed parameter estimate.

A natural concern is that the parameter estimates, not the policy structure, are the principal
determinants of the difference in retention. In Appendix C, we investigate this using a step-by-
step process similar to the process used in Keane and Wolpin (2000), where we gradually change
the policy structure and model parameters of one state to reflect a comparison state. We find
limited support for this concern. Whether differences in teacher retention are primarily explained

19 The standard deviation of an extreme-value distribution is equal to 4/1t2/6 or approximately 1.28 times the value
of the scale parameter.
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by the differences in pension design and earnings trajectories or by the model parameters varies
according to which two states are compared. In the case of the two most different states,
Pennsylvania and South Carolina, the difference in retention is largely explained by the earnings
differential in the two states between teaching and the next best option.

To assess model fit, we used the parameter estimates to simulate the behavior of 20,000
synthetic public school teachers represented by tastes drawn from a taste distribution and subject
to shocks drawn from a shock distribution with parameters for both distributions equal to the
estimated values. Given taste, current-period shock values, knowledge of the expected pay
environment in public service and the civilian world, and knowledge of the shock scale
parameter, each synthetic individual, behaving as a dynamic-program decisionmaker, makes a
stay-or-leave decision in each year. This generates a career length of service as a public school
teacher in each state. We obtained the predicted retention profile by adding together these
individual simulated retention profiles across a large number of simulated individuals. The
predicted profiles are plotted against the actual profiles to assess goodness of fit.

Figure 4.1 shows the model fit graphs for public school teachers. The red lines are the
simulated cumulative retention, and the black lines are the retention observed in the data. The
figures show the Kaplan-Meier survival curves for the observed data, and the dotted lines show
the 95 percent confidence intervals for the Kaplan-Meier estimates. The horizontal axis counts
years since the individual was observed beginning public service. The vertical axis shows the
cumulative probability of retention until that year. For example, at entry, year of service is 0 and
the fraction of personnel retained is 1, and the fraction of the workforce retained falls over a
career as teachers leave their jobs. The solid black line shows the actual retention of individuals
in our cohorts, and the red line shows the predicted retention.

As is typical in the structural model literature, we assess goodness of model fit by visual
inspection—that is, in terms of how well the black and red lines coincide. Visual inspection
reveals that model fit is good for public school teachers. In all three cases the simulated retention
line lies close to the observed retention line and reflects the pattern of retention seen in the data
with attrition first being high, then slowing after mid-career as vesting in the defined-benefit
retirement approaches, and then gradually accelerating once the vesting point is reached. The fit
is also good in that it reflects the unique attributes of each system’s pension design. For example,
South Carolina teachers in our sample qualify for full benefits at 28 service years, while
Tennessee teachers we observed qualified for benefits at 30 service years. The kinks occur in
demonstrably different places across the states corresponding to the differences in when teachers
qualified for immediate benefits.

An alternative assessment of fit for survival curves, like those presented in Figure 4.1, is a
log-rank test. A log-rank test compares two survival curves for observed data. Since one of our
cases is simulated data, we must assume the size of the simulation sample. We use 20,000
simulations, the same as used in estimating the model, although our findings are not sensitive to
deviations of +/~10,000 in sample size. The null hypothesis is that the two survival curves are
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the same, and the test statistics follow a chi-square distribution. Since there are two comparison
groups (i.e., observed and simulated), we have one degree of freedom. The test statistic for each
model is reported in Table 4.1 for years of service 1 to 41. We reject the null hypothesis of
equality at a 5 percent level if the test statistic is greater than 3.84. We cannot reject the null
hypothesis that they are the same at the 1 percent level for all states and at the 5 percent level for
Pennsylvania and South Carolina. Tennessee’s fit is weaker owing to the poor fit late in the
career (years of service 40+). If we were to compare fit for the model covering only 1-39 years
of service for Tennessee, then we would not reject the null hypothesis at the 5 percent level. The
log-rank test is a challenging test for structural models of life-cycle decisionmaking to meet
given the complexity of decisions over a long period of time. Overall, the model performs well,
particularly for the retention period leading up to the age where full benefits are payable that the
pension plans are designed to influence.

Figure 4.1. Comparison of Tennessee Teacher Retention to Model Simulation
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External Validity

The purpose of our model is to inform stakeholders of pension systems of the potential
behavioral retention responses to novel policies. The previous section demonstrates that our
models have excellent fit within the data and policies they were estimated on, but can they be
used to forecast novel policies? Ideally, there would be a natural experiment where we could
estimate the model on one retirement system with one sample of teachers and measure its
predictive quality using a test system with a different sample of teachers of similar characteristics
facing a different set of retirement incentives. This is the approach we previously applied in
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Knapp et al. (2019), where we used a similar retention model estimated on Chicago public
school teachers from 1992 to 2011 to predict the take-up of a retirement incentive in 2017.
There, we found the model performed well in predicting the take-up of the retirement incentive.
However, the option to conduct such a test arose from luck—Chicago Public Schools decided to
offer a onetime retirement incentive. Opportunities to conduct such natural validation
experiments are rare.

To our knowledge, there are no natural experiments related to pension type and design in the
states we studied. We consider two tests common in the literature that are aimed at assessing the
model’s external validity: a “nonrandom holdout sample” and a “random holdout sample,” also
known as a cross-validation (Keane and Wolpin, 2007). For the first set of validation tests, we
consider a nonrandom holdout sample based on age. The models were estimated on individuals
aged 22-30 at the start of teaching. We can examine the holdout sample of older entrants—
individuals older than age 30 at the start of teaching—as they qualify for retirement at later ages
or under alternative eligibility criteria. The strength of this approach is that requires teachers in
the sample to respond to a different structure of retirement incentives. A weakness is that it is not
an external validation of our sample of interest—teachers entering at ages 22—-30 that make up
the majority of new teachers. A second set of validation tests conducts a random holdout sample
based on entry cohort. We estimate the model on entrants in odd-numbered years and validate
the model on even number of years. For completeness, we repeat this cross-validation with even-
numbered entry years for estimation and odd-numbered entry years for validation. The strength
of this approach is that it tests the sensitivity of our model estimates to random exclusion from
the sample. A weakness of this approach is that all tests of fit are still within the current policy
design.

Given the complexity of these validations, they are reported in Appendix D; here we
summarize the findings. In the first validation test, we demonstrate that our model does a very
good job of reflecting retirement patterns for a nonrandom holdout sample under a variety of
different retirement eligibility conditions across all three state teacher systems. This validation
highlighted two expected limitations. The first limitation is that our maximum age of retirement
can be limiting for older entrants. We set our maximum retirement age at 65, and we observe that
some older entrants choose to leave after this age. The second limitation is that selective
retention in the early career is likely different for teachers entering at older ages who may act in
different ways and have different attachments to teaching because they have more work and life
experience. Job churn is more common in the twenties than in the thirties as people enter the
workforce and determine what jobs and employers are their best match.

Overall, the model does an excellent job of handling out-of-sample predictions. The
consequences of the above stated limitations are that policy experiments should be avoided that
consider changes that target retention in the early career for older entrants or that promote very
late retirement ages for any teachers (e.g., after age 65). Future refinements to the model, such as
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extending the maximum retirement age or estimating alternative models by entry age, may
address these limitations.?’

In second test, we find that our model estimates for Pennsylvania and South Carolina public
school teachers are substantively stable across estimation samples by cohort, while Tennessee
exhibits some variation in model estimates by hiring timing. This suggests that the model
predictions for Tennessee should be checked for robustness using alternative parameter estimates
based on entry cohorts. Across the three state teacher systems, the model estimates yield
substantively similar predictions across important age and year of service benchmarks, including
Tennessee.

Limitations and Advantages

The DRM is a partial equilibrium model that has several limitations.?! The model assumes
stationarity—that is, that the distribution of new teachers’ taste for public school employment
does not change over time, and that real teacher pay as well as their external pay opportunities,
conditional on age, do not vary across years.?? It also does not explicitly model other factors that
can affect retention and retirement, including Social Security benefits, health status and health
care benefits, or household factors, such as spousal labor supply or the presence of children at
home. It also assumes that individuals are risk neutral—that is, that they only care about the
expected value of future compensation, and do not care about the variance.?* In addition, the
analysis focuses on retention and does not model the hiring decision or the decisions of teachers
to become public school teachers or some other employment. Consequently, the model cannot
address how changes to pension design may affect the types of persons that become teachers.

20 Additionally, for pension plans where eligibility for full benefits occurs after the earliest eligibility age for Social
Security, incorporating the retirement incentives associated with Social Security may become relatively more
important. As noted in Chapter 2, these incentives are not explicitly incorporated because they are nonbinding for
our estimation sample.

2l A partial equilibrium model does not consider the consequence of policy changes on other inputs of the model,
such as a decrease in generosity of pension benefits leading to labor shortfalls that may then lead to increased
starting salaries.

22 Stationarity means that the model will not capture the consequences of changes in hiring practices over time that
may lead to new hires having a different preference for continued employment. As our model is estimated using data
from 2013 to 2019 for Pennsylvania, 2008 to 2020 for South Carolina, and 2006 to 2019 for Tennessee, it will
reflect the average preference over that time period for each of these states. Another consequence of stationarity is
that it does not allow for general equilibrium effects (e.g., less generous retirement plans leading to higher pay).
Higher pay could be added as an offsetting effect in model simulation.

23 With improved data (particularly with respect to the choice of a DB vs. DC plan), we could potentially
incorporate risk aversion with respect to the shock term in the model, though doing so would substantially
complicate the mathematical structure of the model as well as the computing time required to estimate the model
parameters. Given the good internal fit of the model, the ability to predict retention over mid- and late career for
later entrants’ external validity (see Appendix B), and external validity in novel context in similar work (Knapp et
al., 2019), we do not believe that additional effort would yield marked improvements in understanding retention
responses to pension design.
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The model also does not consider how retention may interact with teacher quality. Additionally,
as discussed in the context of our sample selection, the data exclude those who leave public
school teaching and are rehired or those with long gaps in their service.?*

Another limitation is that we only estimate the model and simulate behavioral responses for
entrants between the ages of 22 and 30, which typically reflect 60—70 percent of new hires (see
Table 3.1). As discussed in the last section, we have estimated variants of the model that
consider older entrants and found that their preferences, and consequently retention behavior,
differ from that of younger entrants in ways that necessitate estimating separate models for their
behavior. While we have not done that in this paper, a more complete view of the impact of a
policy change on total population of public school teachers would have to consider separately
estimated models for their retention behavior.

It is also important to recognize some limitations of our modeling that are specific to
simulating pension reform. The DRM we implement does not model members’ choices
regarding an annuity or lump sum option and does not model public school teacher savings
decisions and therefore their decisions regarding whether and how much to contribute to their
pension.?® An additional limitation of our data and modeling is that we do not observe the
DB/DC plan election decision in our personnel data. Therefore, our model may imperfectly
capture behavioral responses where election decisions in the targeted population differ from
those who we simulate using our model estimates. We find that predicted plan elections in our
model are primarily determined by the estimated discount factor. But if factors other than those
currently included in the model determine plan choice (e.g., people do not switch from the
default option), then changes in election decisions may affect the magnitude of the simulated
retention response to changes in plan design.

That said, the estimated models fit the observed data well for all three states, as shown in
Figure 4.1, and the model seems robust to our external validity tests. Further, on a more general
level, the DRM approach has several rich and realistic features that make it well suited for
analyzing the retention effects of pension reform. It is a life-cycle model where retention
decisions are made each year over an entire career, and not just once. Those decisions are based
on forward-looking behavior that depends on current and future public school teacher and
external compensation. The model allows for uncertainty in future periods and recognizes that
people may change their mind in the future as they get more information about continuing as
public school teachers and their external opportunities. Furthermore, the model is formulated in

24 We also do not see people switching between teaching and public employment.

2 Relatedly, we do not model the retirement decision separately from the labor force exit decision, as we do not see
retirement for employees that leave. In the model, increasing disutility from work could be modeled as the outside
option improving relative to continuing in public employment at later ages, but given the relative youth of our
sample (i.e., age 22-30 at entry), we would have difficulty identifying this as a separate preference parameter
because many people would reach eligibility for their DB plan prior to ages (e.g., 60 and above) that are normally
associated with voluntary retirement.
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terms of the parameters that underlie the retention decision processes rather than on the average
teacher responses to a particular retirement reform policy. Consequently, it is structured to
enable assessments of alternative pension reforms that have yet to be tried. Put differently, the
DRM is particularly suited to assess major structural changes in the compensation system and
pension policy that do not have any historical antecedent.
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Chapter 5. Results

Reforms to teacher pension plans affect teaching workforces by altering the incentives to
continue teaching. In most cases, the consequences of these reforms on the workforce will take
decades to be revealed as the changes are typically limited to new teachers. Without formal
approaches to evaluating proposed policy, empirical and theoretical estimates of these programs’
impacts are generally omitted from the policy discussion.

As discussed in Chapter 1, the reforms in the past two decades have generally involved a
combination of less generous benefits or the employee bearing a greater share of the pension’s
cost through higher required contribution rates. In both cases, the consequence is lower lifetime
income. For example, a reduction in retirement benefits (either through a DB or DC plan)
without any change in current pay is a reduction in lifetime income. These reforms will change
both the value of staying and the value of leaving across all years of a teacher’s career and thus
will influence when they choose to stop teaching. Lower lifetime income from teaching, all else
equal, has an unambiguous theoretical effect of discouraging the marginal teacher from pursuing
a career in teaching. For some teachers, lower lifetime income is not pivotal to their stay or leave
decision early in their career but could eventually influence the timing of their retirement.
Substituting to a relatively later retirement will allow greater accumulation of retirement benefit
allowing them to shift income from periods of relatively high income while working to periods
of relatively low income in retirement.

When making multiple changes, such as changing from a DB to a hybrid plan, the
complexity of these interactions makes ex ante predictions of changes in retention behavior
difficult. Further, even when the theoretical effects may be unambiguous, the potential
magnitude of the effect is unknown. Our model permits estimation of the combined impact of
multiple policy changes. It both highlights the theoretical direction of retention responses to
single and multiple policy reforms and provides estimates for the magnitude of the responses.

In this chapter, we consider the common pension reforms of the past two decades and
highlight how these changes are likely to shape employee retention and the nature of the
workforce when these systems reach a steady state—that is, when the alternative system
becomes the only system for current employees. We use legacy DB plans as our baseline for
comparison (i.e., plans for employees hired before 201 1—Pennsylvania’s Class T-D plan, South
Carolina’s Class 2 plan, and Tennessee’s legacy DB plan). In Appendix F, we consider an
alternative baseline using the last available default DB-only plan before reforms to hybrid plans
(i.e., Pennsylvania’s Class T-E plan, South Carolina’s Class 3 plan, and Tennessee’s legacy DB
plan). Our simulations assume that the underlying taste distribution of the population hired into
teaching and the size of the population hired in each state is unchanged. Thus, we do not
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consider the recruiting effects of pension reform and how those effects can alter the composition
of the cohorts entering the teacher workforce.

Experiment 1: Varying the Defined Benefit Employee Contribution Rate

Employee contribution rates have increased in the large majority of state systems since the
Great Recession, including the three systems considered here (Brainard and Brown, 2018). In
South Carolina, the employee contribution rate has increased from 6 percent of pay in 2006 to 9
percent of pay since 2018. Similarly, Pennsylvania teachers under the legacy T-D DB plan
contributed 7.5 percent of salary, while teachers under the new T-G hybrid plan, which pays half
the benefits for the same service, contribute more than half of the legacy plan (5.5 percent; see
Tables 2.1 and 2.2). Employer contribution rates have increased far faster. In the 2002—-2003
school year, Pennsylvania employers contributed 1.18 percent of pay, while in the 2021-2022
school year, employers contributed 34.94 percent of pay (PSERS, undated-b). A number of state
governments have enacted employee pension cost sharing so that employee contribution rates
increase when the financial position of the pension system worsens. For example, according to
Brainard and Brown (2018), plans in Arizona, lowa, Nevada, and Pennsylvania require employee
contributions to fluctuate depending on the plan’s actuarial or financial conditions.

Here we consider an increase in required employee contributions of 1-3 percent of pay for
the legacy DB systems in our three states. Figure 5.1 provides a visual demonstration of the
original retention profile under each state’s legacy DB plans and an alternative scenario where
the baseline contribution rate is increased by 3 percentage points over the baseline rates of 7.5
percent for the Class T-D plan in Pennsylvania, 9 percent for the Class 2 plan in South Carolina,
and 5 percent for the legacy DB plan in Tennessee. The figure highlights that despite the
substantial differences in retention behavior, the predicted behavioral response is remarkably
similar across all three states. The retention decline is spread out over the entire career, reflecting
that the policy change is also experienced over the entire career.

Table 5.1 presents changes in retention for 1-, 2-, and 3-percent increases in employee
contribution rates, including the percentage change in retention over the early, mid-, and late
career. The largest retention decline typically occurs in mid-career.?® Why is the decline largest
in the mid-career? A potential explanation is that under the baseline scenario, it is the mid-career
where the pull incentive of the DB pension system is relatively stronger compared with
idiosyncratic uncertainty and variation in tastes. The increase in the contribution rate affects the
entire career, but relative to other factors affecting the stay or leave decision, it is more impactful

26 In robustness checks, we identified one exception to this finding using an alternative set of parameters for
Tennessee teachers estimated on the sample of teachers who started teaching in odd-numbered years between 1965
and 2015. This subsample of teachers exhibited lower retention at all points in the career, and the estimated
parameters reflect this difference. In this case, the model predicts larger retention declines in the early and late-
career, but the change over the entire career was of a similar magnitude. These findings and a discussion are
included in Appendix E.
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during mid-career. Idiosyncratic uncertainty and variation in tastes play comparatively greater
roles in early and late career retention decisions.

Figure 5.1. Simulated Teacher Retention of Legacy DB Plans Under a 3-Percent Increase in
Employee Contribution Rate
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Another interesting finding is the lag with which this policy change is likely to be felt if it is
implemented only for new entrants. Between 26 and 43 percent of the expected overall impact
occurs in the first ten years. Employers would have to wait decades to realize the full change in
behavior arising from this reform. The model presented here is not a transitional model, so we do
not observe the impact of the policy change on current teachers or on new teachers as they gain
experience, just new teachers once they have spent their entire career under the higher
contribution rate policy. However, we can say that the effect of such a policy on incumbent
teachers would be less than that seen here, as the part of their career before the policy change
would look the same as the base case, and the part after the policy change would show a lower
cumulative retention effect because the policy would have had fewer years in which to influence
retention decisions. The year-to-year effect on the retention of incumbent teachers would be
greater (i.e., more negative) because teachers retained under a greater contribution rate would
have been less selected based on their taste for teaching.
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Table 5.1. Predicted Teacher Retention Response to Changes in Employee Contribution Rate

Change in Pennsylvania South Carolina Tennessee
Employee (baseline 7.5%) (baseline 9.0%) (baseline 5.0%)
C°"g'a'::t'°" Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
+1% -1.9% -0.7% —0.9% —0.7% -2.3% -0.6% -1.8% -0.8% -1.4% —0.6% —0.4% —0.5%
+2% —4.5% -1.6% —2.3% -1.2% —4.2% -1.1% -3.5% —0.6% -3.1% -1.2% -1.1% —0.6%
+3% —6.7% -2.3% -3.7% —2.2% —6.2% -1.5% -5.5% -1.3% —4.6% -1.7% -1.9% -1.1%

NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4).
Assumes no DB/DC choice for South Carolina.
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Experiment 2: Switching to a Hybrid Plan

Perhaps the most dramatic reforms have been those undertaken by the states that have
switched to a hybrid DB/DC plan (including Pennsylvania and Tennessee) or to DC plans. DB
plans have specific rules about when a benefit can be started and require employee separation
creating the strong “push” and “pull” effects discussed in Chapter 1. DC plans change retention
incentives. Withdrawal amounts from DC plans are at the employee’s discretion. DC plans
penalize but do not prevent withdrawals before age 55 if separating from an employer and before
age 59.5 if not separating (Internal Revenue Service, 2022). The removal of the requirement to
separate from an employer to receive any benefits and the lack of specific combinations of age
and years of service requirements to gain access to full and early retirement benefits mean that
DC plans have comparatively weaker push and pull incentives. Hybrid plans are partway
between a full DB and a full DC plan, so simulating that change highlights the behavioral shift.

Before we do that, we introduce a hypothetical hybrid plan for South Carolina, the only state
studied here that does not have a hybrid plan. The hypothetical hybrid plan blends the recent
change in the core DB plan (Class 3) with the South Carolina SORP DC.?” Table 5.2 provides a
hypothetical hybrid plan that takes the Class 3 DB design but provides a 1-percent multiplier for
the DB component, maintains the employee contribution at its current rate, and provides an
employer contribution to the DC component that is half of the SORP DC plan.

27 This hypothetical plan was suggested to us by The Pew Charitable Trusts’ public sector retirement systems team.
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Table 5.2. South Carolina SCRS Class 2 and Class 3 DB, SORP DC Plan, and Hypothetical Hybrid

Plan Features

SCRS Class 2 DB

SCRS Class 3 DB

SORP DC

Hybrid DB/DC Plan

(hired before July (hired on or after (since 2001) Hypothetical
1,2012) July 1, 2012)

Employee Varies (currently Varies (currently Varies (currently DB: 4.5%

contribution rate 9%) 9%) 9%) DC: 4.5%

Employer Varies (currently Varies (17.41% as 5% DB: Varies

contribution rate 18%) of July 1, 2022) DC: 2.5%

Vesting service 5 years of service 8 years of service Immediate DB: 8 years

requirement DC: Immediate

DB benefit multiplier 1.82% 1.82% n.a. 1.00%

DB full benefit Any age with 28 or Rule of 90 (age + n.a. Rule of 90 (age +

eligibility more years of years of service), or years of service), or

requirements service, or age 65 with at least age 65 with at least
age 65 with at least 8 years of service 8 years of service
5 years of service

DB early benefit Age 55 with 25 or Age 60 with at least n.a. Age 60 with at least

eligibility more years of 8 years of service 8 years of service

requirements service [4%], or [5%] [5%]

[reduction for each age 60 with at least

year] 5 years of service

[5%]

DB FAS Average of salary Average of salary n.a. Average of salary for
for 3 highest for 5 highest 5 highest
consecutive consecutive consecutive

earnings years earnings years earnings years

DB COLA 1% (up to $500) 1% (up to $500) n.a. 1% (up to $500)

Social Security Yes Yes Yes Yes

coverage

NOTE: n.a. = not applicable.

Figure 5.2 simulates the retention effect of the legacy DB plans relative to the alternative
hybrid plans described in Table 2.2 (Pennsylvania, T-G plan), Table 5.2 (South Carolina), and
Table 2.4 (Tennessee). In all cases, a hybrid system leads to limited changes in retention over the

early career and sharp declines over mid-career but extends the career of late-career teachers.

Again, despite the differences in parameter estimates and locations, and differences between the

teaching and private sector earnings, the predicted behavioral responses are qualitatively similar

across all three systems.
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Figure 5.2. Simulated Teacher Retention of Legacy DB Plans and Alternative Hybrid Plans
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NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and
Tennessee’s legacy DB plan (Table 2.4). Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical
South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and Tennessee’s hybrid DB/DC
plan (Table 2.4). Assumes no DB/DC choice for South Carolina.
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Table 5.3. Predicted Teacher Retention Response to Changes in Pension Type and Design

Alternative Pennsylvania South Carolina Tennessee
Design
Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
Changeto a
hybrid -1.1% -0.9% —7.3% 52.1% -0.7% 0.1% -5.3% 23.4% -0.7% 0.2% —4.2% 20.9%
Decrease
multiplier by
0.5 -0.1% —0.6% -1.5% 17.1% -5.8% -1.3% —7.0% 10.2% -3.0% -1.3% -3.1% 15.4%
Eliminating
COLA from full
inflation
protection -0.1% -0.9% —0.5% 16.4% -3.2% -0.9% —4.1% 10.7% -1.1% —0.8% -1.4% 11.5%
Increasing
service years
by 3 for full
benefits 0.0% 0.0% 0.0% 0.3% -0.3% -0.3% —0.6% 2.2% 0.3% -0.1% -1.1% 12.8%
Increasing
earnings years
in FAS by 2 0.0% -0.1% -0.1% 1.4% -0.4% -0.1% —0.6% 0.4% -0.2% -0.1% -0.2% 1.1%

NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4).
Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and
Tennessee’s hybrid DB/DC plan (Table 2.4). Assumes no DB/DC choice for South Carolina.
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Table 5.3 reports the differences in predicted retention from changes to pension type and
design. The first row presents the net effects of switching to the hybrid systems overall and by
the early, mid-, and late portions of a teacher’s career. For Pennsylvania teachers, the switch
from the T-D DB plan to the T-G hybrid plan leads to a 1.1-percent decrease in average years of
service. In the first ten years of teaching, the new hybrid plan decreases retention 0.9 percent, but
retention plummets in the next 20 years by 7.3 percent for those teachers that stay for ten years.
By the 30th service year, far fewer teachers are predicted to have continued teaching under the
hybrid plan, but those that remain end up staying for much longer careers—conditional on
staying to 30 years of service, the average number of years served increases by 52.1 percent for
teachers under the hybrid plan. Since the overall effect is only a decrease in average years of
service of 1.1 percent, this means that the losses in mid-career are approximately offset by the
gains in late career (i.e., the areas between the curves for Pennsylvania in Figure 5.2 is
approximately zero).

For South Carolina and Tennessee, the behavioral responses of the mid- and late career
responses are similar, with a net effect that is slightly negative. The magnitudes are muted
relative to Pennsylvania. The difference in mid- and late career responses is likely explained by a
story of selection or differences in preferences.

Experiment 3: Reduce DB Benefits

More common than switching from a DB to a hybrid plan has been the creation of new, less
generous DB plans for new teachers (Brainard and Brown, 2018). This was the case in South
Carolina (Table 2.3) and Pennsylvania in their first recent attempt at pension reform (Table 2.1).
We next consider DB design changes for each state inspired by these reforms that would reduce
the generosity of the DB plan. Specifically, we consider the following changes separately:

e decreasing the DB multiplier by 0.5 percentage points from the legacy DB system

e climinating a COLA from the legacy DB system assuming the legacy system
provided full inflation protection

e increasing the service requirements to be eligible for a full retirement benefit by three
years from the legacy DB system

e increasing the years over which FAS is computed by two years from the legacy DB
system.

Decreasing the DB Multiplier

To illustrate the effects of decreasing the overall generosity of the DB benefit, we decrease
the benefit multiplier that, when multiplied by years of service and final average salary,
determines one’s benefit. We reduce the benefit multiplier by 0.5, analogous to what
Pennsylvania did in its initial reform in 2012 (i.e., switching from Plan T-D to Plan T-E). For
Pennsylvania, this involved reducing the multiplier from 2.5 percent to 2 percent. For South
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Carolina, this involved decreasing the multiplier from 1.82 percent to 1.32 percent. For
Tennessee, this involved lowering the multiplier from 1.575 percent to 1.075 percent. These are
large changes in the DB multiplier, with each change reflecting the specific circumstances and
history in each state; all could have important effects on the long-term experience mix of the
workforce.

The second row of Table 5.3 shows the effects of decreasing the multiplier, with the overall
effect being a decrease in service years, but the magnitude varied across the states: a net 0.1-
percent decrease in average service years in Pennsylvania, 5.8-percent decrease in South
Carolina, and 3.0-percent decrease in Tennessee. In all cases, decreasing the multiplier leads to
limited declines in retention over the early career, with larger declines over mid-career, but the
reform extends the career of late-career teachers. The net effect on average years of service
varies depending on whether the late-career gains are sufficient to offset the early and mid-career
losses.

Eliminating Cost-of-Living Adjustments

As part of the actuarial valuation of a public pension plan, the plan’s administrator must
establish whether there will be adjustments for inflation (i.e., COLAs). Inflation can whittle
away the value of a retiree’s pension. COLAs, such as those offered by Social Security, ensure
that benefits are maintained in real terms. However, they add substantial costs to a pension
system’s actuarial cost, and so have become a popular target for policymakers wanting to make a
substantial immediate reduction in unfunded liabilities (Munnell, Aubry, and Cafarelli, 2016).
COLAs vary significantly across state and local pension plans. In states that have COLAs, they
usually take the form of an adjustments up to a cap, although some systems have floors instead
(e.g., in Chicago Public Schools’ Tier 2 plan, COLA adjustments reflect measured changes in the
CPI or 3 percent, whichever is greater). South Carolina and Tennessee each have a cap, and
South Carolina goes a step further and caps the total annual benefit adjustment at $500. Some
states have no COLA, such as Pennsylvania. In these states, COLAs are made on an ad hoc basis
by the legislature. While eliminating COLAs improves the immediate appearance of the system’s
funding, over the long term inflation erodes the value of public sector workers, requiring catch
up COLAs later. In the case of Pennsylvania, from 1968 to 2002 the state passed a COLA for
public sector workers every 4-6 years (SERS, undated). From 2002 to 2021, the economy was
characterized by very low inflation rates, but rising inflation in 2022 is likely to renew interest in
COLAs, and new demands for COLAs can be expected, particularly in states with no or limited
COLAs.

COLAs add substantial costs to pension plans (Zorn, Randall, and Newton, 2011). Given that
Pennsylvania does not offer a COLA, it is not feasible to simulate a common reduction in the
COLA. Rather we consider the difference between whether the state offered a full COLA or
offered no COLA.
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The third row of Table 5.3 shows the effects of eliminating a COLA, with the overall effect
being a decrease in service years, but the magnitude varied across the states in a way similar to a
decrease in the multiplier: a net 0.1-percent decrease in average service years in Pennsylvania,
3.2-percent decrease in South Carolina, and 1.1-percent decrease in Tennessee. As was the case
with the decrease in the multiplier, eliminating the COLA leads to limited declines in retention
over the early career, with larger declines over mid-career, but the reform extends the career of
late-career teachers. The net effect on average years of service varies depending on whether the
late-career gains are sufficient to offset the early and mid-career losses.

Increasing the Eligibility Requirements for Full Retirement

To illustrate the effects of increasing the requirements for full retirement, we increase the
eligibility threshold by three service years for each state. For Pennsylvania, this involves raising
the eligibility thresholds to 38 years at any age, 33 years at age 60, and eight years at age 62. For
South Carolina, this involves raising the eligibility thresholds to 31 service years at any age or
eight years at age 65. For Tennessee, this involves raising the eligibility thresholds to 33 service
years at any age or eight years at age 60. This also has the side effect of raising the vesting age
by three years for each system.

The fourth row of Table 5.3 shows the effects of increasing the service year requirement,
with the overall effect being small across the states: a net 0-percent change in service years in
Pennsylvania, —0.3-percent change in South Carolina, and +0.3-percent change in Tennessee. In
all cases, increasing the eligibility requirements by three years leads to limited declines in
retention over the early career, with larger declines over mid-career, but the reform extends the
career of late-career teachers. The net effect on average years of service varies depending on
whether the late-career gains are sufficient to offset the mid-career losses.

Increasing the Years Used in Computing the Final Average Salary

To illustrate the effects of increasing the years used in computing the final average salary, we
increase the number of years used by two years for each state. For Pennsylvania and South
Carolina, this involves using the highest five years rather than the highest three, and for
Tennessee this involves using the highest seven years rather than the highest five years.

The fifth row of Table 5.3 shows the effects of increasing the service year requirement for
computing FAS, with the overall effect being small across the states: a O-percent change in
service years in Pennsylvania, —0.4-percent change in South Carolina, and —0.2-percent change
in Tennessee. As with the other cases explored here, making the plan less generous leads to
limited declines in retention over the early career, with larger declines over mid-career, but the
reform extends the career of late-career teachers.
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Discussion

Our findings have highlighted that less generous pension benefits lead to limited declines in
retention over the early career and larger declines over mid-career, while typically extending the
careers of teachers with long careers. Thus, reducing pension generosity results in fewer mid-
career teachers and more senior teachers who are eligible for retirement but continue to work.
Whether the overall net effect is positive or negative depends on a variety of factors that are
system-specific, such as teacher’s preferences, external opportunities, and the design and
generosity of the original pension plan.

Two other observations emerged from the analysis. The first is that a sufficiently generous
DC component in a retirement plan can offset declines in mid-career retention by extending the
careers of senior teachers. We can partly separate the effects of introducing a DC component
with changes in plan generosity by exploring alternative policies in South Carolina. South
Carolina’s 2012 reform created the Class 3 DB plan, which changed benefit eligibility (a form of
benefit generosity) but left other aspects unchanged, such as the benefit multiplier. Specifically,
relative to the South Carolina Class 2 DB, the Class 3 DB introduces substantially later benefit
eligibility age and service requirements, going from eligibility at any age with 28 years of service
to a Rule of 90 (i.e., age plus service years must equal 90). Consequently, a South Carolina
teacher entering at age 22 would have to work six additional years, while teachers entering at age
30 would have to work one additional year. The hypothetical hybrid plan in Table 5.2 blends the
change in the DB plan to Class 3 with the South Carolina SORP DC plan. The change from the
Class 2 DB to the Class 3 DB plan represents a change primarily associated with benefit
eligibility, while the change from the Class 3 DB plan to the hypothetical hybrid DB/DC plan or
to the SORP DC plan represents a change in plan type, namely the introduction of a DC
component (although the switch to a DC component may also decrease generosity of benefits of
long-career teachers).?® Retirement plans with a DC component allow workers that exit early to
have access to greater lifetime benefits (see Figure 2.1).

Figure 5.3 presents the differences in predicted retention for South Carolina teachers that
start their career under alternative retirement plans, and Table 5.4 presents the average service
years and percentage change in services years relative to the DB plans. We find that the
difference in retirement eligibility rules between Class 2 and 3 leads to a substantial decrease in
retention through mid-career and increases the years worked of senior teachers (see Figure 5.3
and Table 5.4). We also find that relative to the Class 3 DB plan, the hypothetical hybrid plan
does not substantively change the average service years, but we do observe that workers are less
likely to stay in mid-career (2.8 percent) and more likely to stay in the later part of their career

28 The generosity of DC plans is hard to measure because it is sensitive to assumptions about the planned rate of
return. We assume a 3.5-percent real rate of return for all DC plans. In Figure 2.1(c), we observe that the SORP DC
plan at entry would yield somewhat higher benefits at entry if the teacher planned to stay less than 25 years. For
teachers staying beyond 25 years, the Class 2 and Class 3 DB plans provide notably higher lifetime benefits.
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(+4.8 percent). The SORP DC plan design removes any pull or push incentive to remain to a
certain service year and leave thereafter. Relative to the Class 3 DB plan and the hybrid plan, we
observe lower retention through 28 years of service and higher retention after. Switching to the
SORP DC plan leads to a 2.4-percent decrease in years of service.

Figure 5.3. Comparison of Simulated Teacher Retention of South Carolina’s Legacy DB Plan,
Hybrid Plan, and the Alternative Plan Attributes for the Legacy DB Plan
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Table 5.4. Predicted South Carolina Teacher Retention Based on Alternative Plan Type and Design

Years 1-10 Years 11-28 Years 29-44
(conditional on  (conditional on 10 (conditional on 28
Plan Type/Design Overall Years hire) years of service) years of service)
Class 2 DB 15.25 7.01 13.21 5.42
Class 3 DB 15.14 6.95 12.78 6.80
Hypothetical hybrid 15.15 7.02 12.43 7.12
SORP DC 14.78 7.07 11.80 7.51
% Change relative to Class 2 DB
Class 3 DB —0.7% -0.9% -3.3% 25.5%
Hypothetical hybrid -0.7% 0.1% -5.9% 31.5%
SORP DC -3.0% 0.9% -10.7% 38.7%
% Change relative to Class 3 DB
Hypothetical hybrid 0.0% 1.0% —2.8% 4.8%
SORP DC —2.4% 1.8% —7.7% 10.5%
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The second observation is that a change to a DB system can qualitatively reproduce the
consequence of shifting from a DB to a hybrid system. We illustrate this for Tennessee in Figure
5.4. The figure compares simulated retention under the legacy Tennessee DB system with the
simulated retention under the hybrid plan, or the legacy plan with a lower multiplier or without a
COLA. Further changes to benefit eligibility rules could be used to allow the DB reforms to
mirror the retention changes brought about by the hybrid reform. Further analysis on the cost of
these reforms for the pension system and the timing of those costs would be required to
understand which reforms yield the most savings.

Figure 5.4. Comparison of Simulated Teacher Retention of Tennessee’s Legacy DB Plan, Hybrid
Plan, and the Alternative Plan Attributes for the Legacy DB Plan
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These pension reforms can best be summarized as either making benefits less generous or
increasing employee contributions. Pension reforms can reduce the value of staying, or the value
of leaving, or both. Reducing retirement benefits reduces the value of staying for early- and mid-
career teachers, as this reduces the option value associated with staying and later leaving to
collect retirement. Reducing retirement benefits also directly lowers the value of leaving in late
career. Thus, with a reduced retirement benefit we see less retention in early- and mid-career and
more retention in late career. Increasing employee contributions reduces the value of staying but
does not affect the value of leaving. The reduction in the value of staying results in lower
retention across all years of service, other things held constant.

Reforms can be designed to cause or avoid changes in overall retention and may target
particular parts of a teacher’s career. As pension administrators and state legislators focus on
making pension plans solvent, this analysis shows that shifting to less generous pension systems
or introducing DC components will change the experience mix of the workforces they support in

50



a way that promotes greater early- and mid-career churn and incentivizes the senior teachers that
do remain to stay for a longer career.?

29 We do not try to explain every difference in behavioral response across these states as that would distract from
these broader theoretical takeaways. It is possible, should it be of particular interest, to leverage the model to “dig
deeper” into the mechanisms driving cross-state differences. There are four main elements of each state’s model that
could be varied: (1) sample, (2) pay differences between teachers and nonteachers, (3) retirement plan design, and
(4) preference parameters. To identify the mechanism driving differences, an analyst could gradually change each of
the elements (or even subelements, such as particular attributes of the retirement plan design) to understand what
was most critical in determining the magnitude of the response. An example of this sensitivity analysis is provided
in Appendix C in the context of the model estimates. A similar analysis could be done to decompose differences in
policy response across states.
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Chapter 6. Conclusions

Declines in state and local public pension systems’ funding beginning in 2001 set off major
reforms. Changing public sector pension plan design affects the workforce by altering workers’
incentive to continue in public service. In most cases, the consequences of these reforms on the
workforce will take decades to be revealed as most policy changes are typically limited to new
workers. In the study reported here, we developed and estimated a dynamic programming model
to understand the relationship between the retention decision and pension design. This study is
distinct from earlier research in that we consider the entire career rather than the influence of
pension design on the decisions of workers near retirement. We estimate the same model using
personnel data and the policy design of three different state teacher pension systems, providing a
formal approach to evaluating proposed policy.

We demonstrate that these states differ substantially in their retention of teachers (see Figure
4.1). A new teacher in Pennsylvania starting between ages 22 and 30 is 63 percent likely to
continue teaching to their 25th service year, compared with only 31 percent in South Carolina
and 47 percent in Tennessee. Additionally, these states differ in the timing and magnitude of
their pull incentive to stay with an employer until benefit eligibility and their push incentive to
leave their employer after benefit eligibility so that they can start their pension benefit. South
Carolina teachers begin leaving teaching at notably higher rates after 28 services years when they
first become eligible for full benefits, whereas Tennessee teachers leave at higher rates from 30
years of service and Pennsylvania teachers leave at higher rates between 30 and 35 years when
they become eligible for full benefits. The decline for Pennsylvania teachers is steeper than
either of the other states, with Tennessee teachers more likely to work beyond 36 service years
than Pennsylvania teachers, reflecting that Pennsylvania benefits are nearly 60 percent more
generous. Our model captures these differences (Figure 4.1).

We find remarkably consistent responses to common types of pension reforms across these
states despite differences in preferences, external pay opportunities, teacher pay, and pension
system design. An increase in employee contribution rates leads to a decline in retention that is
spread out over a worker’s career, with the largest declines in retention occurring in mid-career
(Figure 5.1, Table 5.1). Relative to the original DB plan in each of our states, conversions to
hybrid DB/DC systems are predicted to have limited impact on retention over the early career
but lead to large declines over mid-career and extend the working life of teachers that work a
long career (e.g., more than 30 years; see Figure 5.2, Table 5.3). We find that reductions in DB
benefits, such as decreasing the benefit multiplier or eliminating COLAs, can have similar
predicted responses to those predicted for switching from a DB to a hybrid system (Figure 5.3,
Table 5.3).
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To summarize, our analysis has several key findings: (1) teacher retention varies by state; (2)
changes to pension design have substantive effects on the retention of new hires over their entire
career, with lower benefits and higher employee contributions leading to differing effects on
turnover at different points of the career; (3) the net effect of pension reforms, in terms of
average years of service per new hire, varies based on whether and the extent to which career
workers are incentivized to remain longer versus the extent to which more junior and mid-career
workers are incentivized to leave; and (4) a change to a DB system can produce qualitatively
similar retention consequences as shifting from a DB to a hybrid system. Taken together, our
results demonstrate that pension reforms affect an employer’s entire workforce and will have
long-run implications for turnover and the mix of employee experience. To the extent that public
employee quality is related to experience, changes in the experience mix could affect the
composition of quality. Future work would be needed to assess the quality composition effects
explicitly.

State and local governments should take notice. Recent pension reforms that make pensions
less generous or change the type of pension benefit may have long-term consequences on these
workforces as well. While the present analysis is limited to public sector teachers, we expect our
key findings to extend to other public sector employees. There is more heterogeneity in state and
local positions outside of teaching (e.g., see Knapp, Asch, and Mattock, 2021). Other public
sector positions could be more sensitive (e.g., more external opportunities) or less sensitive (e.g.,
more selective retention) to pension reform.

A major motivation for pension reforms has been to stabilize pension system finances.
Reports of pension system funding levels are based on actuarial assessments that do not provide
a formal approach to evaluating behavioral responses to proposed policy. Without a formalized
approach to modeling behavioral responses to pension reform, there cannot be a full
understanding of their potential cost consequences. A natural extension of this study is to use a
DRM to inform the funding assessments of pension systems that have undergone or are planning
pension reforms to their retirement plans.
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Appendix A. Estimation of Earnings Trajectories

In Chapter 3, we reported estimated earnings trajectories for teachers used as input into the
DRM. This appendix documents the model used to estimate those trajectories.

There are two data sources we use when estimating earnings trajectories. We use the 2019
ACS when estimating the earnings trajectories because it is a large cross-sectional survey that
collects information on a worker’s age and education, which are important factors in the model
presented in Chapter 4 (Ruggles et al., 2022). This data source is used to estimate the earnings
trajectories for private sector workers with a bachelor’s degree or better. The second data source
we use is administrative data on teacher salaries from SCDE, PDE, and TDOE to estimate
teacher earnings trajectories.

Estimating Earnings Trajectories Using the ACS

ACS data is censored above the 99.5 percentile for the respective population of interest. We
use an upper-censored Tobit model to estimate earnings in each state. The specification is
In(earnings) = X + € where In(earnings) represents continuous outcomes and the error is
normally distributed and independent across observations, e~N (0, a21). We observe individual
i’s log earnings, In(earnings);, for observations i € C. Observations I € R are right-censored;
we know only that they are greater than or equal to the known threshold yg;. The log likelihood
is

1 l ings;) — X;B\ =X
InL = _EZ w; {( n(earnlnfs ) ﬁ) + loanaz} + Z w; log{l - (M)}

ieC IER

where @ () is the standard cumulative normal and w; is the weight for the ith observation.

We use a piecewise linear specification where the knots depend on age—that is,
Age,(age;),a=1, ..., Krepresents 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, though with the
first age group being three years (22-24) and the last age group being six years (60—65). The
omitted group is a male with a bachelor’s degree (sample is restricted to those with at least a
bachelor’s degree) who is not a veteran.

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

54



The explanatory variables include the age piecewise linear specification and indicator
variables for female and veteran status. The baseline regression is

In (earnings;) = ﬁintercept + Ba=14geq=1() + B2 Age, () + -+ P Agex () + ﬁfemale female;
+ Bygrveteran;

The age-earnings profile for a male with a bachelor’s degree who is not a veteran is

ﬁintercept + ﬁa=1Agea=1 age; € [22;24‘]

In (earnings;) = Bintercept + ,BazlAgea=:1 + ézAgez age; € [25,29]

ﬁintercept + Ba=149geq=1 + B2Age; + -+ PsAgey age; € [60,65]

The marginal effect of age is

Ba=1 age; € [22,24]
d(In (earnings;)) _ Ba=1 + Pa=z age; € [25,29]
d(age) P

Ba=1+ Ba=2 + -+ Pa=9 age; € [60,65]

The 2019 earnings profiles were then simulated using the model estimates. We assumed the
following variable values:
e isa veteran = no
e gender = female.

Estimating Earnings Trajectories for Teachers from Administrative Data

The model used for estimating the earnings trajectories for teachers is similar to the model
used for the ACS, with three key differences:

1. There is no censoring, so a Tobit model is not required.

2. There is no data on veteran status, so this variable is omitted.

3. Having data from multiple years permits the inclusion of year indicators into the model.

The explanatory variables include the age piecewise linear specification and indicator
variables for female. Year fixed effects are also included. The baseline regression specification
includes these variables.
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In (earnings) = .Bintercept + Ba=1Agea=1() + ﬁzAgeZ() +-t ﬂK Agel(() + .Bfemale femalei
+ 22 {ByIlyear; = yl}

y=[2008,2020]
y#2008

Next we document the earning trajectories simulated using the model estimated with each
state’s annual pay data and compare them with the estimates from the ACS model. We assumed
the following variable values:

e gender = female
e year=2018.

The general finding is that the ACS data tracks the state pay data well, although there are
level differences in the earnings trajectories, with state pay data higher on average relative to the
ACS data (16 percent in Pennsylvania, 7 percent in South Carolina, and 13 percent in
Tennessee).

In our model estimation in Chapter 4, we use the earnings trajectories for teachers predicted
from using the state pay data. In practice, given the consistency of the earnings trajectories
between the two datasets, the permanent difference in salary between the two approaches will be
largely absorbed into the mean of the taste distribution. Consequently, the impact of this choice
on the simulations should be minimal.

Pennsylvania

Earnings predictions using PDE data average 16 percent higher than predictions using the
ACS, with differences that are the most substantial at the beginning and end of the career.

Figure A.1. Earnings Trajectories for Pennsylvania Teachers (2019 dollars)
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NOTE: Earnings trajectories reflect workers will at least a bachelor’'s degree. In estimating the model in Chapter 4,
earnings are assumed to be constant after age 55.
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South Carolina

Earnings predictions using SCDE data average 7 percent higher for a particular age than

predictions using the ACS.

Figure A.2. Earnings Trajectories for South Carolina Teachers (2019 dollars)
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Tennessee

earnings are assumed to be constant after age 55.

Earnings predictions using TDOE data average 13 percent higher than predictions using the

ACS, with differences that are the most substantial at the beginning and end of the career.

Figure A.3.
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Appendix B. Technical Details Related to Model Estimation

In this appendix, we detail how the DRM is solved. The model itself is detailed in Chapter 4.
Reiterating the overview presented there: to estimate the DRM, we use the mathematical
structure of the model together with assumptions about the population distribution of tastes
across teachers at entry and the shock distribution. Equation 6 allows us to compute a likelihood
of each individual’s total years of service. Importantly, each transition probability is itself a
function of the underlying parameters of the DRM. The parameters of the model to be estimated
are the taste distribution (i, o), the shock distributions (1), and the discount factor (f). The
estimation routine finds parameter values that maximize the likelihood.

We solve the for probability of staying in teaching by forward recursion. The probability of
staying is a function of the value of staying and the value of leaving, and the value of staying is a
recursive function that depends on the value of staying in future periods. Leaving teaching is
assumed to be an absorbing state and has an associated value of leaving. Forward recursion
involves solving for the value of staying in teaching from the first year of teaching (t = 1)
recursively to the terminal period, age 65. Once the value of staying in the terminal period is
known, the value of staying in each earlier can be computed.

The solution of the value of staying is computed using a set of assumptions about parameters,
and permanent and variable states. There are four model parameters (u, o, 4 and ) and three
permanent states:

1. entry age (ages 22-30 [9 states])
2. entry cohort (varies: 45 in Pennsylvania; 50 in South Carolina; and 52 in Tennessee)*°
3. permanent taste (y;~N(u, o) [23 states]).

There are two variable states:

1. time teaching (1-43 years possible [43 states])
2. time total (1-43 years possible [43 states]).

The model parameters for the taste distribution (u, o) are used to develop a finite number of
states for permanent taste (;) used in Equation 2. A number of methods exist for numerically
approximating a distribution, including quadrature and Halton sequences. Quadrature uses a

30 This varies by state because teachers must be able to make at least one stay/leave decision before the model’s
required exit age (i.e., age 65). In Pennsylvania, the earliest data is from 2013, so in order to make a retention
decision in the 43rd year of teaching and continuously taught, they must have entered by 2013 —42 = 1971. Thus,
entry cohorts can span from 1971 to 2015, or 45 years. South Carolina’s data starts in 2008, so the carliest year is
1966, leading to 50 observed years. Tennessee’s data starts in 2006, so the earliest year is 1964, leading to 52
observed years.
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fixed number of integration points and assigns weights to each of those points based on the
parameters of the taste distribution. A Halton sequence is an alternative approach whereby the
number of points, in our case 23, represents a random draw based on the taste distribution. The
Halton sequence replaces the need for weights by reflecting more frequent parts of the taste
distribution through a greater number of similar draws.?!

The scale parameter for the transitory shock (4) is used directly in Equation 4. The discount
factor (f) is used in Equations 2 and 3 to weight the value of staying or leaving in future periods
relative to the current period.

Entry age and time teaching are used along with the deterministic earnings trajectories in
Figure 3.1 to determine annual wages used in Equations 2 and 3 depending on the decision to
teach in t. Using these deterministic and weakly monotonic earnings trajectories, a teacher’s year
of service at separation can be using to determine the high-pay portion of the benefit formula
without requiring additional state variables. The present discounted value of retirement benefits
accrued for a public school teacher leaving teaching at time t is thus a function of pension plan
design discussed in Chapter 2 based on the age they start benefits, assumed to be the earliest
eligible age after separation. There is no uncertain longevity in the model—all persons are
assumed to live until age 85.

Computing the probability of retention requires computing the value of staying and the value
of leaving. The value of leaving is an absorbing state and includes the discounted present value
of the stream of earnings associated with the nonteaching alternative, and the value of the
retirement benefits from teaching (if any). The value of staying includes the individual taste for
teaching, compensation in the current period, and the discounted expected value of the maximum
of staying or leaving in the following period. Due to this recursive relationship computing the
value of staying in period 1 requires computing the value of staying in period 2, period 3, and so
on until the terminal time point at age 65. Unique computations of the probability of teaching at a
particular age are cached (saved in computing memory) to avoid having to recompute the
probability of teaching for the same state variables and model parameters. Once the terminal
time point is reached both the value of staying and the value of leaving become known for all
time periods, and thus the probability of staying (or probability of leaving) can be computed for
any time period. This computational process is repeated over all permanent states for a given
guess of parameter values. The estimated probabilities can then be used to compute the
likelihood of a particular retention path between the first and last year of data (e.g., 2013 and
2019 in Pennsylvania; 2008 and 2020 in South Carolina; 2006 and 2019 in Tennessee).

Parameter estimation proceeds as follows: For a guess of parameter values, the likelihood for
a set of observed retention decisions conditional on entry cohort and entry age is computed. The
total number of unique retention paths varies by state system. For example, Pennsylvania has

31" Although not done in the present paper, the authors’ past use of quadrature versus Halton sequences has not led to
meaningfully different estimation results. Halton sequences are used because they are easier to implement.
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3,535 uniquely observed retention paths between 2013 and 2019. The criterion used to judge
how well the model’s predictions fit the observed data is the total likelihood. We use a two-step
process to maximize the likelihood. First, we use the Nelder-Mead algorithm, which is a
nonderivative-based optimization algorithm, to identify an initial set of parameters that maximize
the likelihood. Then, we use the Broyden-Fletcher-Goldfarb-Shanno algorithm, which is a
derivative based optimization algorithm, to ensure that we have a local maximum. This process
can be repeated from alternative starting points to ensure the robustness of the final parameter
estimates.
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Appendix C. Sensitivity Analyses

This appendix considers how much of the cross-state difference in teacher retention is
explained by the policy structure relative to the parameters of the model that capture the decision
process. The retention trajectories in Figure 4.1 differ substantially by state, and the idiosyncratic
shock scale parameter estimates in Table 4.1 are negatively correlated with retention. A natural
concern is that the parameter estimates, not the policy structure, are the principal determinant of
the differences in retention. We find limited support for this concern. Whether differences in
teacher retention are primarily explained by the differences in pension design and earnings
trajectories or by the model parameters varies according to which two states are compared.

To understand the contribution of each component, we develop a step-by-step process where
we gradually change the policy structure and model parameters of one state to reflect a
comparison state. We provide an example of our step-by-step process using Pennsylvania and
South Carolina, which represent the two retention extremes, in Table C.1.

Table C.1. Step-by Step Process from Pennsylvania to South Carolina Retention Model

Pension Earnings Sample Mean Taste Standard Discount Scale of
Design Trajectory (u) Deviation Factor (8) Transitory
of Taste (o) Shock (1)

Step 0: PA PA PA PA PA PA PA

PA baseline

Step 1 SC PA PA PA PA PA PA

Step 2 SC SC PA PA PA PA PA

Step 3 SC SC SC PA PA PA PA

Step 4 SC SC SC SC SC PA PA

Step 5 SC SC SC SC SC SC PA

Step 6: SC SC SC SC SC SC SC

SC baseline

The outcomes of these steps are presented in Figure C.1. We observe that the pension design
(Step 1) reduces retention over the career and shifts the retirement age earlier, reflecting the
earlier eligibility for full benefits in South Carolina’s plan (i.e., 28 years of service vs. 30-35
service years depending on entry age). However, the largest impact is the difference in earnings
(Step 2). After accounting for both the difference in earnings and pension design, the resulting
retention curve is very similar to South Carolina’s retention curve (i.e., comparing Step 2’s curve
with Step 6). Changes in the sample composition have only a minor impact (Step 3). Incremental
changes in the model parameters (Steps 4 and 5) reveal the sensitivity of retention to preference
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parameters. However, our main takeaway is that the difference in retention between
Pennsylvania and South Carolina can be explained by the underlying policy structure.

Figure C.1. Model Sensitivity Assessment: Pennsylvania Relative to South Carolina
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Figure C.2 considers similar steps, but with the comparison being Pennsylvania and
Tennessee. Interestingly, we observe that the pension design (Step 1) increases retention over the
career and shifts the retirement age earlier, reflecting the earlier eligibility for full benefits in
Tennessee’s plan (i.e., 30 years of service vs. 30-35 service years depending on entry age).
While higher retention is surprising given that Tennessee’s benefits are typically less generous
than Pennsylvania’s (see Figure 2.1, Panel A), Tennessee teachers contribute 2.5 percent less of
their salary and can access their benefits at an earlier age. A lower contribution rate means
greater take-home pay over the career, which likely leads to greater retention. The largest impact
of the steps is the difference in earnings (Step 2). After accounting for both the difference in
earnings and pension design, the resulting retention curve is lower than Tennessee’s retention
curve (i.e., comparing Step 2’s curve with Step 6). Changes in the sample composition and the
parameters of the permanent taste distribution have only a minor impact (Steps 3 and 4).
Increasing the discount rates from 0.92 (Pennsylvania) to 0.95 (Tennessee) increases retention to
better correspond to Tennessee’s retention trajectory (see Table 4.1 for parameter estimates). The
residual difference between Steps 5 and 6 is explained by the difference in the scale of the
transitory shock, which is somewhat greater in Tennessee relative to Pennsylvania. In this case,
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our main takeaway is that the difference in retention is jointly explained by the underlying policy
structure and the preference parameters.

Figure C.2. Model Sensitivity Assessment: Pennsylvania Relative to Tennessee
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Figure C.3 compares a step-by-step transition from Tennessee to South Carolina. Tennessee
and South Carolina have several similarities—their parameter estimates are largely the same (see
Table 4.1) except for the scale of the transitory shock; the value of the pension at full benefit
eligibility age is similar (Figure 2.1, Panel A) and earning trajectories are similar over the mid-
and late-career (Figure 3.1). A major difference is that Tennessee teachers contribute 4 percent
less of their salary toward their benefits (Tables 2.3 and 2.4). We observe that the pension design
(Step 1) decreases retention over the career and shifts the retirement age earlier, reflecting the
earlier eligibility for full benefits in South Carolina’s plan (i.e., 28 years of service vs. 30 years
of service). Steps 2—5 yield limited changes in retention, which is not surprising given the
similarities in pay and most of the estimate model parameters. The residual difference between
Steps 5 and 6 is explained by the difference in the scale of the transitory shock, which is
substantially greater in South Carolina relative to Tennessee ($107,000 vs. $61,400). In this case,
our main takeaway is that the difference in retention is primarily explained by the estimated
preference parameters. The retention difference between South Carolina and Tennessee is largely
explained by time-varying factors outside of the model.
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Figure C.3. Model Sensitivity Assessment: Tennessee Relative to South Carolina
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Appendix D. External Validation

In this appendix, we consider the validity of our model and approach for estimating it for
making out-of-sample predictions along particular policy dimensions (here, pension type and
design). The four major approaches to assessing the validity of a model are listed in order from
most to least preferable below:

1. natural experiment of a related policy dimension

2. nonrandom holdout sample from outside the support of the estimation data

3. random holdout sample from inside the support of the estimation data (known as cross-

validation)

4. in-sample fit.

If the goal of the model is to predict the behavioral response to novel policies, in-sample
validation is the minimum by which to judge the potential utility of the model (i.e., can it predict
the very thing it is designed to predict and for which agents are responding to?).

The next best approach involves a random holdout sample, which is also known as cross-
validation. Despite a common support, the separation of estimation and test samples ensures that
the model’s parameter estimates are capable of reproducing plausible responses along the policy
dimensions of interest that are not solely due to the estimation approach (e.g., maximum
likelihood, method of simulated moments). Since estimation approaches are designed to fit the
model to the data, cross-validation examines if applying the model’s parameter estimates to a test
sample is able to accurately predict the observed outcomes of the test sample. However, this
validation approach does not include differences in policy regime, so often it leaves open
concerns about the model’s ability to predict significant changes in policy.

The next best approach is the use of a nonrandom holdout sample—that is, “a sample that
differs significantly from the estimation sample along the policy dimension that the model is
meant to forecast” (Keane and Wolpin, 2007, p. 1352). This type of external validation is often
considered convincing, because “if a model can provide a good forecast for a holdout sample that
faces a policy regime well outside the support of the data (and that is not used in model
formulation), then we gain confidence that it can provide a good forecast of impacts of other
policy changes along that same dimension” (Keane and Wolpin, 2007, p. 1352).

The most ideal approach would be a natural experiment where we would have data on two
alternatively designed pension systems, and we would observe full careers of randomly assigned
teachers—we could then estimate the model on one system and measure it against the test system
to see if teacher retention outcomes under the alternative pension system were accurately
predicted by the model. This is the approach we have previously applied in Knapp et al. (2019).
We used a similar retention model estimate on Chicago public school teachers from 1992 to
2011 to predict the take-up of a retirement incentive in 2017. There, we found the model
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performed well in predicting the take-up of the retirement incentive. However, the option to
conduct such a test arose from luck—Chicago Public Schools decided to offer a onetime
retirement incentive. Opportunities to conduct such natural validation experiments are rare.

To our knowledge, there are no natural experiments related to pension type and design in the
states we studied. Regarding the potential for a nonrandom holdout sample, there are a few
options, but most are not as ideal as in other settings (e.g., Missouri, as in Ni and Podgursky,
2016). For Pennsylvania, South Carolina, and Tennessee we do not observe an alternative
pension system for a period of teacher’s career where we can see differential retirement
responses. Pennsylvania, South Carolina, and Tennessee reformed their systems in 2011, 2012
and 2014, respectively, but with only data through 2019 and 2020, we only can observe the first
6-9 years of the new systems. Most of these new hires would not be eligible for retirement under
the new system and those that are would be a very select subgroup that entered teaching a late
age. As a first set of validation tests, we consider a nonrandom holdout sample based on age—
our model was estimated on individuals age 22—-30 at the start of teaching. We can examine the
holdout sample of older entrants—individuals older than age 30 at the start of teaching—as they
are likely to qualify for retirement at later ages or under alternative eligibility criteria. A second
set of validation tests conducts a random holdout sample based on entry cohort. We estimate the
model on entrants in odd-numbered years and validate the model on even-numbered years. For
completeness, we repeat this cross-validation with even-numbered entry years for estimation and
odd-numbered entry years for validation. The model estimates and simulation results are then
compared.

In each of our validation tests, we compare the observed outcomes with model estimates for
the retention trajectory (the same as our fit graph in Figure 4.1), as well as hazard functions by
years of service and graphs of age and years of service at retirement for those entering before the
first year of our data. These latter two graphs are meant to approximate the presentation of
results in Ni and Podgursky (2016). Ni and Podgursky (2016) restrict their sample to teachers
aged 47-58 at the beginning of the 2002—2003 school year and follow these teachers until they
retire or the 2008-2009 school year. For their in-sample and out-of-sample validation, they
present figures of age and years of service at retirement for those teachers leaving teaching
between 2002-2003 and 2008-2009. Our data covers both a longer time period and includes
younger teachers. To mimic the selected sample of more experienced teachers in Ni and
Podgursky (2016), we require that teachers have at least one year of experience in the first year
we observe them in our data (i.e., 2013 in Pennsylvania, 2008 in South Carolina, and 2006 in
Tennessee) and follow them until the end of our observation window (i.e., 2019 in Pennsylvania
and Tennessee, 2020 in South Carolina). Our validation figures present age and years of service
at retirement for those teachers leaving teaching between the first year we observe them and the
end of our observation window.
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Validation 1: Nonrandom Holdout Sample

We examine a nonrandom holdout sample of older entrants—individuals older than age 30 at
the start of teaching—as they are likely to qualify for retirement at later ages or under alternative
eligibility criteria. For example, in Tennessee a person entering in their twenties would be
eligible for unreduced benefits before age 60 and early retirement benefits before age 55. Vested
teachers starting after age 30 only become eligible at age 55. This represents a substantively
different policy regime. Table D.1 highlights key differences of the policy regimes for age 22-30
entrants versus entrants between ages 31 and 35.

Table D.1. Pension Benefit Eligibility Differences by State and Entry Age

State Entry Age 22-30: Entry Age 31-35: Entry Age 22-30: Entry Age 31-35:
Full Benefit Full Benefit Early Benefit Early Benefit
Eligibility Eligibility Eligibility Eligibility

Pennsylvania (T-D) Any age with 35 or  Age 60 with atleast  Age 55 with 25 or Age 5660 with 25 or
more years of 30 years of service, more years of more years of
service, or or service service

age 60 with at least age 62 with at least 5
30 years of service  years of service

South Carolina (Tier 2) Any age with28 or ~ Any age with 28 or ~ Age 55 with 25 or Age 5660 with 25 or

more years of more years of more years of more years of
service service, or service service, or
age 65 with at least 5 age 60 with at least 5
years of service years of service
Tennessee Any age with 30 Age 60 with 5 years  Any age with 25 Age 55 with 5 years
years of service of service years of service of service

In this validation test, we use teachers entering between 31 and 35 as the validation sample
based the models estimated in the main paper. We review the validation results by state and then
discuss key takeaways.

Pennsylvania Teachers

Figure D.1 presents the fit for the estimation and validation samples. Figure D.2 presents the
hazard rate by year of service for the estimation and validation samples. These figures
demonstrate that our estimated model captures the shape of the retention curve (Figure D.1) and
experience at retirement (Figure D.2) for the years of service 30 and below. In Pennsylvania, the
validation sample becomes eligible for benefits at 25 years of service, and we observe a spike in
retirements at this age, although it is overpredicted by the model (Figure D.2: approximately 12
percent predicted vs. 9 percent observed). We capture the sharp increase in the retirement hazard
from 26 to 30 years of service. After 30 years, of service, the prediction is limited by the
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maximum age of the model (e.g., 65 years), leading to an expected overprediction in retirements
at years of service above 30.

Figure D.1. Observed and Predicted Retention of Pennsylvania Teachers by Sample
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Figure D.2. Hazard Rates of Pennsylvania Teachers by Sample
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Figures D.3 and D.4 compare the age and years of service at retirement for Pennsylvania
teachers entering before 2013 and retiring by the 2019 school year. Consistent with Table D.1,
the estimation sample retires between ages 55 and 60 as they become eligible to start benefits
and the validation sample starts retiring after age 55 when they become eligible to start benefits
at a reduced rate. Similarly, Figure D.4 highlights that retirements coincide with 30-35 years of
service more strongly for the estimate sample as that is likely to be the binding constraint for this
group, while it is distributed between 25-30 years of service for the older group, which reflects
eligibility for early retirement with 25 years of service or full benefits with 30 years of service.
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Figure D.3. Age at Retirement of Pennsylvania Teachers by Sample
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NOTE: Sample limited to Pennsylvania teachers entering before 2013, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.
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Figure D.4. Years of Service at Retirement of Pennsylvania Teachers by Sample
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NOTE: Sample limited to Pennsylvania teachers entering before 2013, the first year of our sample.

South Carolina Teachers

In South Carolina, all teachers are eligible for unreduced benefits at 28 years of service or
reduced benefits from age 55 with 25 years of service. Figure D.5 presents the fit for the
estimation and validation samples. Figure D.6 presents the hazard rate by year of service for the
estimation and validation samples. These figures demonstrate that our estimated model captures
the response to retirement around 28 years of service, which is stronger for the validation sample
(Figure D.5). In the validation sample, attrition is greater in early years of service, likely
reflecting later entrants exhibit less of the early career attrition than the younger entrants in the
estimation sample. The estimation sample demonstrates an uptick in retirement rates (Figure D.6,
Panel A) starting at 25 years of service with exit rates exceed 10 percent after 28 years of
service, a pattern mirrored by our model. In the validation sample, we again see a rapid uptick in
retirements (Figure D.6, Panel B), although predicted exit rates are higher than observed. We do
observe a notable gap in our exit rates at these later years of service, potentially reflecting the
limited number of people remaining in the prediction model at greater experience levels.
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Figure D.5. Observed and Predicted Retention of South Carolina Teachers by Sample
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Figure D.6. Hazard Rates of South Carolina Teachers by Sample
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Figures D.7 and D.8 compare the age and years of service at retirement for South Carolina
teachers entering before 2008 and retiring by the 2020 school year. Consistent with Table D.1,
the estimation sample retires after 28 years of service (Figure D.8) and between the ages of 50
and 59 when the majority become eligible to start unreduced benefits. The validation sample
starts retiring after 25 years of service (Figure B.8) between ages 56 and 60 (Figure D.7) when
they become eligible to start benefits at a reduced rate. The model does a good job of capturing
these patterns. Figures D.7 and D.8 differ from Figures D.5 and D.6 in that they focus on
retirement-related exits after selective retention, which abstracts away from the overstated early
career attrition in the validation sample.
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Figure D.7. Age at Retirement for South Carolina Teachers by Sample

A. Estimation Sample (Entry Age 22-30) B. Validation Sample (Entry Age 31-35)
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NOTE: Sample limited to South Carolina Teachers entering before 2008, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.

Figure D.8. Years of Service at Retirement for South Carolina Teachers by Sample
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NOTE: Sample limited to South Carolina Teachers entering before 2008, the first year of our sample.
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Tennessee Teachers

In Tennessee there are substantial policy differences between estimation and validation
samples. For teachers entering between ages 22 and 30, they are eligible for unreduced benefits
at 30 years of service or reduced benefits at any age and 25 years of service. For teachers
entering between ages 31 and 35, they are eligible for unreduced benefits at age 60 (i.e., 25-29
years of service) or reduced benefits at age 55 (i.e., 20-24 years of service). Figure B.9 presents
the fit for the estimation and validation samples. Figure D.10 presents the hazard rate by year of
service for the estimation and validation samples. These figures demonstrate that our estimated
model captures the response to retirement around 30 years of service, which is stronger for the
estimation sample (Figure D.9). In the validation sample, attrition is greater than observed in
early years of service, likely reflecting later entrants exhibit less early career attrition than the
younger entrants in the estimation sample. The estimation sample demonstrates an uptick in
retirement rates (Figure D.10, Panel A) starting at 30 years of service with exit rates exceeding
10 percent on and after 30 years of service, a pattern mirrored by our model. In the validation
sample, we see a more gradual uptick in retirements (Figure D.6, Panel B), with predicted exit
rates higher than observed. As with South Carolina, we do observe a notable gap in our exit rates
at these later years of service, potentially reflecting the limited number of people remaining in
the prediction model at greater experience levels.

Figure D.9. Observed and Predicted Retention of Tennessee Teachers by Sample
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Figure D.10. Hazard Rates of Tennessee Teachers by Sample

A. Estimation Sample (Entry Age 22-30) B. Validation Sample (Entry Age 31-35)
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Figures D.11 and D.12 compare the age and years of service at retirement for Tennessee
teachers entering before 2006 and retiring by the 2019 school year. Consistent with Table D.1,
the estimation sample retires around 30 years of service (Figure D.12) and between the ages of
52 and 61 when the majority become eligible to start unreduced benefits. The validation sample
starts retiring after 25 years of service (Figure D.12) after age 55 (Figure D.11) when they
become eligible to start benefits at a reduced rate. The model does a good job of capturing these
patterns although teachers in the validation sample seem to retire at ages after 60 at higher rates
than predicted by the model. Similar to South Carolina, Figures D.11 and D.12 differ from
Figures D.9 and D.10 in that they focus on retirement-related exits after selective retention,
which abstracts away from the overstated early career attrition in the validation sample.
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Figure D.11. Age at Retirement for Tennessee Teachers by Sample
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NOTE: Sample limited to Tennessee teachers entering before 2006, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.

Figure D.12. Years of Service at Retirement for Tennessee Teachers by Sample
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NOTE: Sample limited to Tennessee teachers entering before 20086, the first year of our sample.
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Key Takeaways from Validation 1

We have demonstrated across Pennsylvania, South Carolina, and Tennessee public school
teachers that our model can do a very good job of reflecting retirement patterns for a nonrandom
holdout sample under a variety of different retirement eligibility conditions. This validation
highlighted two limitations. The first limitation is that our maximum age of retirement can be
limiting for older entrants. We set our maximum retirement age at 65, and we observe that some
older entrants choose to leave after this age (e.g., Panel B of Figures D.3, D.7, and D.11). The
second limitation demonstrated by the validation sample of older entrants is that early career
selective retention is likely different for teachers entering at older ages. Older entrants may act in
different ways and have different attachments to teaching because they have more work and life
experience. Job churn is more common in the twenties than in the thirties as people enter the
workforce and determine what jobs and employers are their best match. In South Carolina and
Tennessee, we observe substantial attrition in the first ten years of service in the estimation
samples. In these states, relative to Pennsylvania, the model is estimated to have notably greater
variation in transitory taste, which leads to greater early career attrition that is overstated relative
to observed attrition. Early career attrition is lower in Pennsylvania, and so we estimate lower
variation in transitory taste and find more limited differences in predicted versus observed early
career attrition.

Overall, the model does an excellent job of handling out-of-sample predictions. The
consequences of the above-stated limitations are that policy experiments should be avoided that
consider changes targeting retention in the early career for older entrants or promoting late
retirement ages for any teachers (e.g., after age 65). Future refinements to the model, such as
extending the maximum retirement age or incorporating differences in the variation of the
transitory shock factor by age, may address these limitations.

Validation 2: Random Holdout Sample

In this validation test, we use a set of entry cohorts to estimate the model and a holdout
sample of entry cohort for validation. While the selection of teachers into the estimation and
validation samples is not fully random, there should be no relationship between cohorts and
pension design. This validation approach tests for stability in estimation sample by cohort and
clarifies whether variation in hiring timing might affect the model’s estimates. Alternative model
estimates can then be used to test the robustness of our policy simulations to alternative
estimation cohorts. This validation approach is used to assess whether our key findings from the
policy simulations in the main paper are robust to estimation sample.

In this validation test, we take a different approach for testing the validity of our model and
estimation strategy. We split our sample into two: teachers who first started teaching in odd years
(e.g., 2001, 2003, etc.) and those who started teaching in even years. In order to test the validity
of our estimation approach, we estimate the model on an estimation sample (e.g., odd-year
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entrants) and test the model’s predictive abilities on the validation sample (e.g., even-year
entrants). Such a test informs us whether the model and estimation strategy can be effective at
matching the retention decisions of a cohort of teachers that were not part of the estimation
sample. In the next sections, we first introduce the retention profiles of the odd-year entrants and
even-year entrants. We then conduct two validation exercises:

Exercise 1: estimation sample: odd-year entrants; validation sample: even-year entrants

Exercise 2: estimation sample: even-year entrants; validation sample: odd-year entrants.

We compare the model estimates from the estimation of the full sample with the model
estimates from both exercises and present the retention profiles of the estimation and validation
sample. Additionally, we present the same figures as in the previous validation exercises for
comparability. We do this only for Exercise 1, although the parallel figures for Exercise 2 are
available from the authors.

Pennsylvania Teachers

Table D.2 presents the model estimates for the full sample (as presented in the main paper)
for Exercises 1 and 2. The parameter estimates are substantively similar.

Table D.2. Parameter Estimates for DRM of Pennsylvania Teachers Using Alternative Samples

Parameter Full Sample Exercise 1: Odd-Year = Exercise 2: Even-
Entry Cohort Sample  Year Entry Cohort
Sample
Scale of transitory shock (1) 49.21 48.48 50.81
(1.02) (1.70) (1.87)
Mean of taste distribution (1) 8.93 9.65 7.82
(0.39) (0.65) (0.72)
Standard deviation of taste distribution (o) 18.54 18.99 17.88
(0.33) (0.50) (0.55)
Discount factor (B) 2.46 243 2.50
(0.018) (0.03) (0.035)
[Transformed] 0.921 0.919 0.924
Sample sizes 82,046 42,401 39,645

NOTE: Standard errors in parentheses.

Figure D.13 presents the fit for the estimation and validation samples. Figure D.14 presents
the hazard rate by year of service for the estimation and validation samples. These figures are
substantively similar.
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Figure D.13. Observed and Predicted Retention of Pennsylvania Teachers by Sample
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Figure D.14. Hazard Rates of Pennsylvania Teachers by Sample
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NOTE: y-axis refers to the percentage of the remaining sample exiting in a given year of service.
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Figures D.15 and D.16 compare the age and years of service at retirement for Pennsylvania
teachers entering before 2013 and retiring by the 2019 school year. These figures are also
substantively similar.

Figure D.15. Age at Retirement of Pennsylvania Teachers by Sample
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NOTE: Sample limited to Pennsylvania teachers entering before 2013, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.
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Figure D.16. Years of Service at Retirement of Pennsylvania Teachers by Sample
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NOTE: Sample limited to Pennsylvania teachers entering before 2013, the first year of our sample.

South Carolina Teachers

Table D.3 presents the model estimates for the full sample (as presented in the main paper)
for Exercises 1 and 2. The parameter estimates are similar although statistically different.

Table D.3. Parameter Estimates for DRM of South Carolina Teachers Using Alternative Samples

Parameter Full Sample Exercise 1: Odd-Year Exercise 2: Even-
Entry Cohort Sample  Year Entry Cohort
Sample
Scale of transitory shock (1) 106.51 98.47 101.32
(1.37) (2.55) (0.003)
Mean of taste distribution (1) 6.74 7.56 719
(0.00) (0.35) (0.003)
Standard deviation of taste distribution (o) 21.37 20.22 20.70
(0.003) (0.51) (0.003)
Discount factor (B) 2.92 2.87 2.89
(0.003) (0.005) (0.009)
[Transformed] 0.949 0.947 0.947
Sample sizes 41,957 21,599 20,358

NOTE: Standard errors in parentheses.
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Figure D.17 presents the fit for the estimation and validation samples. Figure D.18 presents
the hazard rate by year of service for the estimation and validation samples. These figures are
substantively similar despite the differences in the odd- and even-year cohort parameter
estimates. The model does a good job of capture retention through eligibility for full benefits
(Figure D.17), including the spike in retirements around 28 years of service (Figure D.18). After
eligibility for full benefits, the hazard rates vary more, reflecting smaller sample sizes of people
remaining.

Figure D.17. Observed and Predicted Retention of South Carolina Teachers by Sample

A. Estimation Sample (Odd-Year Entry Cohorts) B. Validation Sample (Even-Year Entry Cohorts)
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Figure D.18. Hazard Rates of South Carolina Teachers by Sample

A. Estimation Sample (Odd-Year Entry Cohorts) B. Validation Sample (Even-Year Entry Cohorts)
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NOTE: y-axis refers to the percentage of the remaining sample exiting in a given year of service.

Figures D.19 and D.20 compare the age and years of service at retirement for South Carolina
teachers entering before 2008 and retiring by the 2020 school year. These figures are also
substantively similar—they capture higher rates of exit at younger ages and few years of service,
followed by lower attrition in mid-career and higher rates of exit from 28 years of service when
people are eligible to retire.
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NOTE: Sample limited to South Carolina teachers entering before 2008, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.
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Figure D.20. Years of Service at Retirement of South Carolina Teachers by Sample
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Tennessee Teachers

Table D.4 presents the model estimates for the full sample (as presented in the main paper)
for Exercises 1 and 2. The parameter estimates exhibit greater variation in parameter estimates
than the other states, with odd-year entrants exhibiting greater variation in their idiosyncratic
shock, a lower mean taste, and a greater discount factor.

Table D.4. Parameter Estimates for DRM of Tennessee Teachers Using Alternative Samples

Parameter Full Sample Exercise 1: Odd-Year = Exercise 2: Even-
Entry Cohort Sample  Year Entry Cohort
Sample
Scale of transitory shock (1) 61.41 69.58 58.93
(2.55) (3.67) (1.91)
Mean of taste distribution (u) 8.30 5.11 10.09
(0.66) (0.95) (0.49)
Standard deviation of taste distribution (o) 26.97 28.41 26.25
(0.49) (0.77) (0.53)
Discount factor (B) 2.90 3.1 2.83
(0.06) (0.08) (0.03)
[Transformed] 0.948 0.957 0.944
Sample sizes 42,675 22,465 20,210

NOTE: Standard errors in parentheses.

Figure D.21 presents the fit for the estimation and validation samples. Figure D.22 presents
the hazard rate by year of service for the estimation and validation samples. These figures differ
owing to the substantively different parameters notes in Table D.4. The model does a good job of
capturing retention through 30 years of service (Figure D.21) including the spike in retirements
around 30 years of service (Figure D.22). However, the validation sample exhibits 2—3
percentage points’ greater retention than predicted in the years immediately preceding 30 years
of service. The greater selective retention in the even-year entry cohort (i.e., observed in Figure
D.21, Panel B) is consistent with the greater estimated mean taste and lower variance in the
idiosyncratic shock for this cohort sample in the last column of Table D.4. As with South
Carolina, at years of service after eligibility for full benefits, the hazard rates (Figure D.22) vary
more, reflecting smaller sample sizes of people remaining.

84



Figure D.21. Observed and Predicted Retention of Tennessee Teachers by Sample

A. Estimation Sample (Odd-Year Entry Cohorts) B. Validation Sample (Even-Year Entry Cohorts)
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Figure D.22. Hazard Rates of Tennessee Teachers by Sample

A. Estimation Sample (Odd-Year Entry Cohorts) B. Validation Sample (Even-Year Entry Cohorts)
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NOTE: y-axis refers to the percentage of the remaining sample exiting in a given year of service.

Figures D.23 and D.24 compare the age and years of service at retirement for Tennessee
teachers entering before 2006 and retiring by the 2019 school year. These figures are
substantively similar—they capture higher rates of exit at younger ages and few years of service,
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followed by lower attrition in mid-career and higher rates of exit from 30 years of service when
people are eligible to retire with full benefits. In Figure D.24, the model is not fully able to
capture the spike in retirement at 30 years of service, but this is true regardless of model.

Figure D.23. Age at Retirement of Tennessee Teachers by Sample
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NOTE: Sample limited to Tennessee teachers entering before 2006, the first year of our sample. Vertical lines
correspond to ages 55 and 60 for ease of reference.

Figure D.24. Years of Service at Retirement of Tennessee Teachers by Sample
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NOTE: Sample limited to Tennessee teachers entering before 20086, the first year of our sample.

Key Takeaways from Validation 2

We have demonstrated across Pennsylvania and South Carolina public school teachers that
our model estimates are substantively stable across estimation samples by cohort, while
Tennessee exhibits some variation in model estimates by hiring timing. This suggests that the
model predictions for Tennessee should be checked for robustness using alternative parameter
estimates based on entry cohorts. This is done in Appendix E.

Across the three state teacher systems, the model estimates yield substantively similar
predictions across important age and year of service benchmarks, including Tennessee.
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Appendix E. Supplementary Tables

This appendix provides additional tables to support the analysis in Chapter 5. In the first
section, underlying values of years of service are provided for Tables 5.1 and 5.3 in Table E.1. In
the second section, the analysis in Chapter 5 (reflected in Tables 5.1 and 5.3) is repeated for the
subsamples of Tennessee estimated in Appendix D’s second validation exercise. That analysis
concluded that the model predictions for Tennessee should be checked for robustness using
alternative parameter estimates based on odd- and even-year entry cohorts.

Supplemental Tables for Experiments

Table E.1. Predicted Teacher Retention Based on Alternative Plan Type and Design

A. Pennsylvania

Years 1-10 Years 11-30 Years 31-44
(conditional on  (conditional on 10 (conditional on 30
Plan Design Overall Years hire) years of service) years of service)

Baseline (T-D) 24.20 8.34 17.87 5.11
Change in employee 23.73 8.28 17.71 5.07
contribution rate: +1% ~1.9% ~0.7% —0.9% —0.7%
Change in employee 23.10 8.20 17.46 5.05
contribution rate: +2% _4.5% Z1.6% 239 129
Change in employee 22.57 8.14 17.21 5.00
contribution rate: +3% —6.7% _239% _3.7% _2.99
Change to hybrid 23.93 8.27 16.57 7.77

-1.1% -0.9% -7.3% 52.1%
Decrease multiplier by 0.5 24.18 8.29 17.60 5.98

-0.1% -0.6% -1.5% 17.1%
Increasing service years by 3 24.20 8.34 17.86 5.12
for full benefits 0.0% 0.0% 0.0% 0.3%
Increasing earnings years in 24.19 8.33 17.85 5.18
FAS by 2 0.0% ~0.1% ~0.1% 1.4%
Baseline (T-D, 2% COLA) 2422 8.42 17.95 4.39
Baseline (T-D, no COLA) 24.20 8.34 17.87 5.11

-0.1% —0.9% -0.5% 16.4%
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B. South Carolina

Years 1-10 Years 11-30 Years 31-44
(conditional on  (conditional on 10 (conditional on 30
Plan Design Overall Years hire) years of service) years of service)
Baseline (Class 2 DB) 15.25 7.01 14.18 4.59
Change in employee 14.90 6.97 13.93 4.55
contribution rate: +1% 239 ~0.6% ~1.8% —0.8%
Change in employee 14.61 6.93 13.69 4.56
contribution rate: +2% —4.9% ~11% _3.5% —0.6%
Change in employee 14.30 6.90 13.40 4.53
contribution rate: +3% —6.2% ~15% _5.5% ~1.3%
Change to hybrid 15.15 7.02 13.42 5.66
-0.7% 0.1% -5.3% 23.4%
Decrease multiplier by 0.5 14.37 6.92 13.19 5.06
-5.8% -1.3% -7.0% 10.2%
Increasing service years by 3 15.20 6.99 14.09 4.69
for full benefits ~0.3% ~0.3% —0.6% 290,
Increasing earnings years in 15.18 7.01 14.10 4.61
FAS by 2 0.4% 0.1% 0.6% 0.4%
Baseline (Class 2, 2% COLA) 15.48 7.04 14.49 4.32
Baseline (Class 2, No COLA) 14.98 6.98 13.90 4.78
-3.2% -0.9% —4.1% 10.7%
C. Tennessee
Years 1-10 Years 11-30 Years 31-44
(conditional on  (conditional on 10 (conditional on 30
Plan Design Overall Years hire) years of service) years of service)
Baseline (legacy DB) 19.48 7.37 16.64 5.24
Change in employee contribution 19.20 7.33 16.57 5.21
rate: +1% ~1.4% 0.6% 0.4% 0.5%
Change in employee contribution 18.87 7.28 16.45 5.20
rate: +2% 3.1% 1.2% 1.1% 0.6%
Change in employee contribution 18.59 7.25 16.32 5.18
rate: +3% 4.6% 17% ~1.9% “11%
Change to hybrid 19.34 7.39 15.95 6.33
-0.7% 0.2% —4.2% 20.9%
Decrease multiplier by 0.5 18.89 7.28 16.13 6.04
-3.0% -1.3% -3.1% 15.4%
Increasing service years by 3 for 19.54 7.37 16.46 5.91
full benefits 0.3% 0.1% 1.1% 12.8%
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Increasing earnings years in FAS 19.45 7.37 16.61 5.29

by 2 ~0.2% ~0.1% ~0.2% 1.1%

Baseline (legacy DB, 2% COLA) 19.48 7.37 16.64 5.24

Baseline (legacy DC, no COLA) 19.26 7.31 16.40 5.84
-1.1% -0.8% -1.4% 11.5%

NOTE: Values are measured in years unless otherwise noted. Percentage changes are computed relative to
baseline, except for COLA, where the baseline is a 2% COLA. Baseline plans are Pennsylvania’s Class T-D plan
(Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4). Hybrid plans are
Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical South Carolina’s hybrid plan based on Class 3 and the
SORP DC plan (Table 5.2), and Tennessee’s hybrid DB/DC plan (Table 2.4). Assumes no DB/DC choice for South
Carolina.

Robustness of Tennessee Predictions to Alternative Model Estimates

In Appendix D’s model validation using a random holdout sample, we identified that
Tennessee exhibits some variation in model estimates by hiring timing. In this section, we check
the model predictions for Tennessee for robustness using the alternative parameter estimates
based on entry cohorts presented in Table D.4. When the model was estimated on odd-year entry
cohorts between 1965 and 2015, we found notably higher values for most parameter estimates
(except the mean of the taste distribution, which was lower) and lower retention of the odd-year
entry cohorts relative to the even-year entry cohorts across career and in each of the subparts of
the career we examined (i.e., 1-10, 11-30, 31+ years). We do not know the source of this
difference. The substantive question for our analysis is whether this difference in model
estimates would meaningfully change our findings in Chapter 5.

Table E.2 mirrors Table 5.1 and Table E.3 mirrors Table 5.3. In both cases, we see that the
alternative model estimates do yield minor changes in retention patterns, but the overall patterns
are largely consistent with those presented and discussed in Chapter 5 for Pennsylvania, South
Carolina, and the full sample from Tennessee (i.e., teachers entering between 1964 and 2015).
One exception is the finding on contribution rates, which is the opposite of that found in the
other states. We note this in a footnote in the main paper. In general, the findings for the even-
year entry cohorts are consistent with those for the other states.

When comparing predicted responses with the employee contribution rate, we find that “the
increase in the contribution rate affects the entire career, but relative to other factors affecting the
stay or leave decision, it is more impactful during mid-career.” This statement is not true for the
odd-year entry cohorts—they exhibit an inverse pattern where the effect is larger in early and
late career. The overall magnitudes are similar. When discussing the findings in Chapter 5, we
note variation in tastes plays a comparatively greater role in early- and late-career retention
decisions. In the odd-year entry cohort model, there is greater estimated variation in permanent
taste for teaching and lower mean taste. The variation in Tennessee’s taste distribution is the
greatest of the states studied (see Table 4.1). It may be that changes in the employee contribution
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rates, which affect the entire career, are more impactful in the early and late careers when there is
greater variance in permanent taste.

When considering a switch from the legacy DB plans to hybrid DB-DC plans, we find that “a
hybrid system leads to limited changes in retention over the early career, with sharp declines
over mid-career, but extends the career of late-career teachers.” In the first row of Table E.3, we
see that this statement is still valid. Most of the change is longer careers for late-career teachers.

When considering a decrease in the DB multiplier, we find that “decreasing the multiplier
leads to limited declines in retention over the early career, with larger declines over mid-career,
but the reform extends the career of late-career teachers. The net effect on average years of
service varies depending on whether the late-career gains are sufficient to offset the early and
mid-career losses.” These statements are still valid. The odd-year entry cohort does exhibit a
larger early career response and smaller mid-career response relative to the main sample and
even-year entry cohort sample, but it is still true that the mid-career change is larger than the
early-career change.

When considering a decrease in the COLA, we find that “eliminating the COLA leads to
limited declines in retention over the early career, with larger declines over mid-career, but the
reform extends the career of late-career teachers. The net effect on average years of service
varies depending on whether the late-career gains are sufficient to offset the early and mid-career
losses.” These statements are still valid. There is a slightly larger response for the odd-year entry
cohort over the entire period and for each subpart considered in Table E.3. The greater response
may reflect the higher estimated discount rate for that subsample.

When considering increasing the eligibility requirements by three years or increasing the
number of years used in the computation of final average earnings, we find “limited declines in
retention over the early career, with larger declines over mid-career, but the reform extends the
career of late-career teachers.” These statements are still valid based on the predictions in Table
E.3 and the percentage changes are largely the same, regardless of the set of estimates used in
making them.
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Table E.2. Predicted Teacher Retention Response to Changes in Employee Contribution Rate

Change in Tennessee (main sample; Tennessee (odd-entry year sample; Tennessee (even-entry year sample; baseline
Employee baseline 5.0%) baseline 5.0%) 5.0%)
C°"g'a'::t'°" Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
+1% -1.4% —0.6% —0.4% —0.5% -1.2% -0.6% -0.3% -0.7% -1.5% —0.6% —0.6% —0.5%
+2% -3.1% -1.2% -1.1% —0.6% -2.9% -1.5% -0.7% -1.3% -3.1% -1.1% -1.4% -1.1%
+3% —4.6% -1.7% -1.9% -1.1% —4.3% -2.1% -1.1% -1.8% —4.8% -1.7% —2.6% —0.9%

NOTE: Analysis the same reported in Table 5.1. Baseline plan is Tennessee’s legacy DB plan (Table 2.4).
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Table E.3. Predicted Teacher Retention Response to Changes in Pension Type and Design

Alternative Tennessee (main sample) Tennessee (odd-entry year sample) Tennessee (even-entry year sample)
Design Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
Changetoa -0.7% 0.2% —4.2% 20.9% -0.2% -0.5% -2.0% 20.3% —1.1% 0.4% -5.0% 20.1%
hybrid
Decrease -3.0% -1.3% -3.1% 15.4% —4.5% -2.1% -3.3% 13.6% —2.6% -1.0% -3.2% 14.6%
multiplier by
0.5
Eliminating —1.1% -0.8% -1.4% 11.5% -1.9% -1.3% -1.7% 11.4% -0.8% -0.7% -1.3% 10.2%
COLA from full
inflation
protection
Increasing 0.3% —0.1% -1.1% 12.8% 0.4% -0.2% -1.0% 12.9% 0.4% -0.1% -0.8% 12.0%
service years
by 3 for full
benefits
Increasing —-0.2% —0.1% -0.2% 1.1% -0.2% -0.1% -0.1% 0.7% -0.1% -0.1% -0.2% 0.8%
earnings years
in FAS by 2

NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4).
Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and
Tennessee’s hybrid DB/DC plan (Table 2.4). Assumes no DB/DC choice for South Carolina.
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Appendix F. Policy Experiments with Alternative Baselines

In Chapter 5, the baseline used for each experiment was the legacy DB pension plan, which
we defined as the policy in place for employees hired before 2011. However, Pennsylvania and
South Carolina reformed their DB plan after 2011 (as discussed in Chapter 2). In this appendix,
we consider alternative baseline DB plans. We use Pennsylvania Plan T-E (see Table 2.1), South
Carolina’s Class 3 plan (see Table 2.3), and Tennessee’s legacy plan (see Table 2.4; this is the
same baseline as in Chapter 5) to calculate the estimated change to retention for each of the
experiments in Chapter 5.

These estimates would be informative for policymakers considering the policy trade-offs at
the point at the time prior to the hybrid plan being introduced for Pennsylvania or in 2022 if the
South Carolina legislature were to consider a hybrid plan such as that described in Table 5.2.

The text, figures, and tables in this appendix parallel Chapter 5 but are updated to reflect the
alternative baseline. Substantive differences appear in italicized text and are discussed at the end
of this appendix.

Experiment 1: Varying the Defined Benefit Employee Contribution Rate

Figure F.1 corresponds to Figure 5.1 but with the new baselines for Pennsylvania and South
Carolina, with Tennessee included for completeness but no change in its baseline. Table F.1
corresponds to Table 5.1 As in Chapter 5, we consider an increase in required employee
contributions of 1-3 percent of pay for the legacy DB systems in our three states. Figure F.1
provides a visual demonstration of the original retention profile under each state’s legacy DB
plans and an alternative scenario where the baseline contribution rate is increased by 3
percentage points over the baseline rates of 7.5 percent for the Class T-E plan in Pennsylvania, 9
percent for the Class 3 plan in South Carolina, and 5 percent for the legacy DB plan in
Tennessee.

Our results are qualitatively similar to those shown in Figure 5.1 and Table 5.1. As before,
the predicted behavioral response is remarkably similar across all three states, and the retention
decline is spread out over the entire career, reflecting that the policy change is also experienced
over the entire career. Relative to the results in Chapter 5, the changes in retention for
Pennsylvania are a bit higher overall and more concentrated in the mid-career years (11-30),
while the changes for South Carolina are nearly identical.
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Figure F.1. Simulated Teacher Retention of Legacy DB Plans Under a 3-Percent Increase in
Employee Contribution Rate
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Table F.1. Predicted Teacher Retention Response to Changes in Employee Contribution Rate

Change in Pennsylvania South Carolina Tennessee
Employee (baseline 7.5%) (baseline 9.0%) (baseline 5.0%)
C°"g'a'::t'°" Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
+1% —2.8% -0.7% -1.9% -0.3% -2.3% -0.5% -2.3% -0.1% -1.4% —0.6% —0.4% —0.5%
+2% -5.6% -1.3% —4.3% —0.7% —4.2% -0.9% —4.1% -0.4% -3.1% -1.2% -1.1% —0.6%
+3% -8.3% -2.0% —6.4% —0.6% —-6.1% -1.3% —6.1% -0.7% —4.6% -1.7% -1.9% -1.1%

NOTE: Baseline plans are Pennsylvania’s Class T-E plan (Table 2.1), South Carolina’s Class 3 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4).
Assumes no DB/DC choice for South Carolina.
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Experiment 2: Switching to a Hybrid Plan

Figure F.2 simulates the retention effect of the legacy DB plans relative to the alternative
hybrid plans described in Table 2.2 (Pennsylvania, T-G plan), Table F.2 (South Carolina), and
Table 2.4 (Tennessee). In all cases, a hybrid system leads to limited changes in retention over the
early career, with declines over mid-career, but extends the career of late-career teachers. Again,
despite the differences in parameter estimates and locations, and differences between the
teaching and private sector earnings, the predicted behavioral responses are qualitatively similar
across all three systems and qualitatively similar to our results using the baseline shown in
Chapter 5.

Figure F.2. Simulated Teacher Retention of Legacy DB Plans and Alternative Hybrid Plans

100%
90% PA DB plan
£ 80% LW e PA hybrid plan (actual,
S Class T-G)
S 0% ——— SC DB plan
© 0,
:g’ 60% M e, TRITIaa e SC hybrid plan
S 50% (hypothetical)
5 40% —— TN DB plan
s .
3% T L & e TN hybrid pllan (actual,
% post-2013 hires)
@ 200/0
10%
0%

0 5 10 15 20 25 30 35 40
Years of service

NOTE: Baseline plans are Pennsylvania’s Class T-E plan (Table 2.1), South Carolina’s Class 3 plan (Table 2.3), and

Tennessee’s legacy DB plan (Table 2.4). Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical

South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and Tennessee’s hybrid DB/DC
plan (Table 2.4). Assumes no DB/DC choice for South Carolina.
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Table F.2. Predicted Teacher Retention Response to Changes in Pension Type and Design

Alternative Pennsylvania South Carolina Tennessee
Design
Years 11-30 Years 31-44 Years 11-30 Years 31-44 Years 11-30 Years 31-44
Years 1-10 (conditional  (conditional Years 1-10 (conditional  (conditional Years 1-10  (conditional  (conditional
(conditional on 10 years on 30 years (conditional on 10 years on 30 years (conditional on 10 years on 30 years
Overall on hire) of service) of service)  Overall on hire) of service) of service) Overall on hire) of service) of service)
Changeto a
hybrid -3.3% 0.1% -5.5% 9.2% 0.0% 1.0% -3.3% 8.9% -0.7% 0.2% —4.2% 20.9%
Decrease
multiplier by
0.5 -1.7% -0.4% -2.9% 8.7% -5.4% -0.7% —6.9% 5.6% -3.0% -1.3% -3.1% 15.4%
Eliminating
COLA from full
inflation
protection -0.4% -0.4% -1.5% 9.0% -3.3% -0.7% —4.0% 6.4% -1.1% —0.8% -1.4% 11.5%
Increasing
service years
by 3 for full
benefits 0.2% 0.0% -0.1% 1.2% -0.4% -0.2% -1.7% 11.3% 0.3% -0.1% -1.1% 12.8%
Increasing
earnings years
in FAS by 2 -0.1% 0.0% -0.3% 0.6% -0.3% -0.1% -0.4% 0.5% -0.2% -0.1% -0.2% 1.1%

NOTE: Baseline plans are Pennsylvania’s Class T-D plan (Table 2.1), South Carolina’s Class 2 plan (Table 2.3), and Tennessee’s legacy DB plan (Table 2.4).
Hybrid plans are Pennsylvania’s Class T-G plan (Table 2.2), a hypothetical South Carolina’s hybrid plan based on Class 3 and the SORP DC plan (Table 5.2), and
Tennessee’s hybrid DB/DC plan (Table 2.4). Assumes no DB/DC choice for South Carolina.
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Table F.2 reports the differences in predicted retention from changes to pension type and
design. For Pennsylvania teachers, the switch from the T-E DB plan to the T-G hybrid plan leads
to a 3.3-percent decrease in average years of service rather than a 1.1-percent decrease using
the T-D baseline. In the first ten years of teaching, the new hybrid plan increases retention 0.1
percent rather than decreases by 0.9 percent, but retention falls in the next 20 years regardless of
baseline. We find that conditional on staying to 30 years of service, the average number of years
served increases by 9.2 percent for teachers under the hybrid plan. Since the overall effect is a
decrease in average years of service of 3.3 percent, this means that the losses in mid-career are
not fully offset by the gains in late career.

For South Carolina, the behavioral responses of the mid- and late-career responses are
similar, with a net effect that is zero. The magnitudes are muted relative to Pennsylvania. The
limited difference in retention likely reflects that the proposed hybrid did not change benefit
eligibility conditions.

Experiment 3: Reduce DB Benefits

We next consider DB design changes parallel to those considered in Chapter 5.

Decreasing the DB Multiplier

The second row of Table F.2 shows the effects of decreasing the multiplier, with the overall
effect being a decrease in service years, but the magnitude varied across the states in a way
similar to the results shown in the second row of Table 5.3: a net 1.7-percent decrease in average
service years in Pennsylvania, 5.4-percent decrease in South Carolina, and 3.0-percent decrease
in Tennessee. As before, the net effect on average years of service varies depending on whether
the late-career gains are sufficient to offset the early and mid-career losses.

Eliminating Cost-of-Living Adjustments

The third row of Table F.2 shows the effects of eliminating a COLA, with the overall effect
being a decrease in service years as was shown in Table 5.3, but, again, similar with the findings
in Table 5.3, the magnitude varied across the states in a way similar to a decrease in the
multiplier: a net 0.4-percent decrease in average service years in Pennsylvania, 3.3-percent
decrease in South Carolina, and 1.1-percent decrease in Tennessee.

Increasing the Eligibility Requirements for Full Retirement

The fourth row of Table F.2 shows the effects of increasing the service year requirement,
with the overall effect being small across the states: a net change of +0.2 percent in service years
in Pennsylvania, —0.4 percent in South Carolina, and +0.3 percent in Tennessee. In all cases,
increasing the eligibility requirements by three years leads to limited declines in retention over
the early career, with larger declines over mid-career, but the reform extends the career of late-
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career teachers. The net effect on average years of service varies depending on whether the late-
career gains are sufficient to offset the mid-career losses.

Increasing the Years Used in Computing the Final Average Salary

The fifth row of Table F.2 shows the effects of increasing the service year requirement for
computing FAS, with the overall effect being small across the states: a change of —0.1 percent in
service years in Pennsylvania, —0.3 percent in South Carolina, and —0.2 percent in Tennessee. As
with the other cases explored here, making the plan less generous leads to limited declines in
retention over the early career, with larger declines over mid-career, but the reform extends the
career of late-career teachers.

Discussion: Findings Relative to Chapter 5

We find limited differences based on the alternative baseline plans. Our main findings remain
the same. In some cases, the magnitudes of the policy response are substantively different, likely
owing to the differences in the benefit generosity of the baseline plan for Pennsylvania and the
differences in benefit eligibility in South Carolina between the Class 2 and 3 DB plans. For both
states, the baseline used in this appendix is less generous.

Relative to the Pennsylvania baseline in Chapter 5 (i.e., Plan T-D), the baseline in this
appendix (i.e., Plan T-E) has a substantially lower benefit multiplier (2 percent vs. 2.5 percent).
A teacher working 35 years would receive 70 percent of their FAS in Plan T-E compared with
87.5 percent in Plan T-D.

Relative to the South Carolina baseline in Chapter 5 (i.e., Class 2 DB), the baseline in this
appendix (i.e., Class 3 DB) has substantially later benefit eligibility age and service
requirements. South Carolina went from any age with 28 years of service to the Rule of 90. A
South Carolina teacher entering at age 22 would have to work six additional years, while
teachers entering at age 30 would have to work one additional year. This difference leads to a
substantial decrease in retention through mid-career and increases the years worked of senior
teachers. Therefore, when comparing the hybrid with the Class 3 DB plan, any changes are
primarily attributable to the change from a DB to a DB/DC hybrid.

The main place where the less generous baseline plans manifest themselves is in the
comparison of the DB plan with the hybrid alternative. Table F.3 provides a detailed comparison.
With the alternative baseline, we find the increase after 30 years of service is much smaller
compared with Chapter 5 (9.2 percent vs. 52.1 percent in Pennsylvania; 8.9 percent vs. 23.4
percent in South Carolina). That difference primarily reflects that under the less generous
baseline plans, the teachers that stay at least 30 years will teach longer either because they have
to or to make up for the less generous benefits. This change in the baseline behavior of long-
serving teachers means that switching to a hybrid plan, which would normally extend teacher
careers, results in a smaller change in late-career retention when considering the changes from
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the alternative baseline DB plan to the hybrid plan. In the case of Pennsylvania, this means that
the incentives from the hybrid plan for senior career teachers to work longer do not offset the

decline in retention during mid-career. In the case of South Carolina, the incentives are sufficient
to offset the decline in retention prior to 30 service years.

Table F.3. Predicted Teacher Retention Based on Alternative Baselines, Plan Type and Plan
Design

A. Pennsylvania

Years 1-10 Years 11-30 Years 31-44
(conditional on  (conditional on 10 (conditional on 30
Plan Design Overall Years hire) years of service) years of service)
Baseline (Plan T-D) 24.20 8.34 17.87 5.11
Alternative baseline (Plan T-E) 24.74 8.26 17.52 712
Hybrid (Plan T-G) 23.93 8.27 16.57 7.77
% change relative to baseline -1.1% -0.9% —7.3% 52.1%
% change relative to alternative
baseline -3.3% 0.1% -5.5% 9.2%

B. South Carolina

Years 1-10 Years 11-30 Years 31-44
(conditional on  (conditional on 10 (conditional on 30
Plan Design Overall Years hire) years of service) years of service)
Baseline (Class 2 DB) 15.25 7.01 14.18 4.59
Alternative baseline (Class 3 DB) 15.14 6.95 13.87 5.20
Hybrid (hypothetical plan) 15.15 7.02 13.42 5.66
% change relative to baseline -0.7% 0.1% -5.3% 23.4%
% change relative to alternative
baseline 0.0% 1.0% -3.3% 8.9%
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Abbreviations

ACS
COLA
CPI
DB
DC
DRM
FAS
PDE
PEBA
PSERS
SCDE
SCRS
SERS
SORP
TCRS
TDOE

American Consumer Surveys
cost-of-living adjustment
consumer price index

defined benefit

defined contribution

dynamic retention model

final average salary

Pennsylvania Department of Education

Public Employees Benefit Authority

Pennsylvania Public School Employees Retirement System
South Carolina Department of Education

South Carolina Retirement System

Pennsylvania State Employees’ Retirement System
State Optional Retirement Plan

Tennessee Consolidated Retirement System

Tennessee Department of Education
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