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Abstract

Pension enhancements generate pension wealth spikes at the eligibility milestones. I analyze
two major enhancements that generated different gains in pension wealth for eligible workers.
The responsiveness of retirement behavior to these enhancements depends on how well workers
understand their pension incentives. To test the retirement response to pension wealth, I use
administrative data from Missouri teachers and leverage variation in enhancement impacts on
teacher pension wealth owing to differences in teachers’ entering ages. I find that retirements
respond strongly to pension enhancements, but the strength of the response does not align with
their pecuniary value. My findings contribute to a growing body of research showing that workers
have imperfect knowledge of their pension benefits and they use imprecise information to make
retirement timing decisions.

JEL Codes: J26, H55, G02

Keywords: Retirement behavior, Pension, Information efficiency

∗Department of Economics at Louisiana State University. Email: donkim@lsu.edu. I would like to thank Kristine Brown,
Cory Koedel, Darren Lubotsky and Michael Podgursky, and seminar participants at University of Missouri at Columbia,
University of Illinois at Urbana-Champaign, 42nd annual Association for Education Finance and Policy conference, and
22nd annual Society of Labor Economists meeting for helpful comments and discussions. I gratefully acknowledge research
support from the Laura and John Arnold Foundation. The views expressed here are those of the author and should not be
attributed to his institution, data provider, or the funder. Any errors are my own.



1 Introduction

Most public workers, including teachers, receive retirement compensation in the form of a defined

benefit (DB) pension plan.1 DB pension plan rules generate sharp spikes in pension wealth, especially

during the late career (Costrell and Podgursky, 2009). Given that pension wealth is highly sensitive to

the retirement age, a utility maximizing worker will aim to time retirement based on pension wealth.2 To

make an optimal choice, a worker must fully understand her pension incentives and accurately calculate

pension wealth. However, there is abundant evidence that workers do not have a good understanding

of their pension incentives and pension wealth (Chan and Stevens, 2008; Mastrobuoni, 2011; Clark,

Morrill and Allen, 2012; Brown et al., 2013; Liebman and Luttmer, 2015). In this paper, I examine

the responsiveness of workers’ retirement decisions to changes in pension wealth brought on by the

implementation of polices that enhance pension benefits.

I compare retirement responses to two benefit enhancements that generated different gains in

pension wealth for workers and find that workers respond inconsistently to pension wealth gains,

despite responding strongly to the enhancements themselves. This result is consistent with previous

evidence showing that workers do not fully understand pension plan incentives and therefore optimize

their retirement timing based on limited information. One potential mechanism from Brown et al.

(2013) is workers have difficulty valuing annuitized benefits.

I use administrative teacher data from Missouri and utilize difference-in-difference (DD) models to

estimate the effects on retirement behaviors of the two enhancements that increased pension wealth
1In 2010, 97 percent of state and local government workers were covered by DB pension plans (Munnell, 2012). 18

percent of private sector workers were covered by DB plans in 2011 (Wiatrowski, 2012).
2Studies find that retirement decisions respond to pension incentives for teachers in multiple states - Arkansas, California,

Illinois, Missouri and Pennsylvania (Furgeson, Strauss and Vogt, 2006; Koedel, Podgursky and Shi, 2013; Brown, 2013;
Fitzpatrick and Lovenheim, 2014; Ni and Podgursky, 2016). These results are consistent with the larger literature that
identifies similar retirement responses to their pension incentives in other occupations (Coile and Gruber, 2007; Chalmers,
Johnson and Reuter, 2014; Manoli, Mullen and Wagner, 2015; Manoli and Weber, 2016). Koedel and Podgursky (2016)
provide an overview of the literature that documents the responsiveness of teacher retirement to changes in pension benefits.
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values to different degrees. First enhancement called the “rule-of-80,” increased pension wealth for

marginally affected teachers by an average of $15,000. A second enhancement increased pension wealth

by an average of $5,000. In DD models, I leverage variation in enhancement impacts on teacher pension

wealth owing to differences in teachers’ entering ages. For example, I define a fixed late-career age

that corresponds to a pension-eligibility milestone created by the rule-of-80, then compare “treatment”

teachers, who reach their maximum pension wealth at the fixed age because of the enhancement, to

“comparison” teachers, who are the same age but do not reach their pension wealth maximum because

they entered the profession one year later. The results show that while retirements respond strongly

to pension enhancements, the effects of the enhancements are not proportional to changes in pension

wealth. The pension wealth elasticities of retirement likelihood from two enhancements are drastically

different: 9.88 for the first enhancement and 23.56 for the second enhancement.

There are two key assumptions for identification. The first is that treatment and comparison teachers

have parallel trends in retirement behaviors before the enhancements. The second is that treatment and

comparison teachers have similar retirement behaviors prior to the focal late-career age. I show that

retirement behaviors between treatment and comparison teachers satisfy the parallel trends assumption.

As evidence in support of the latter assumption, I show that retirement rates between the groups of

teachers do not differ statistically at any age, with one exception due to an early retirement incentive,

leading up to the focal late-career age. This suggests that in the absence of the pension incentives,

retirement behaviors would remain similar between the two groups.

This study illustrates the policy significance of the retirement-plan design since the incentive

strength does not seem to be driven primarily by the dollar value of incentives, but rather by other

features. It is important to recognize that there can be large differences in worker responsiveness to

different types of changes in pension plans, given the dire fiscal condition of many public plans (e.g.,
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see Novy-Marx and Rauh, 2011, 2014). My findings also integrate with somewhat puzzling results

from two branches of literature: one that finds retirement rates are influenced by changes in retirement

incentives (Furgeson, Strauss and Vogt, 2006; Brown, 2013; Fitzpatrick and Lovenheim, 2014; Ni

and Podgursky, 2016), and another that finds workers have difficulty understanding their retirement

plans and the incentives they generate (Chan and Stevens, 2008; Mastrobuoni, 2011; Clark, Morrill and

Allen, 2012; Liebman and Luttmer, 2015).

2 Pension Law Changes in Missouri

Most educators in public schools throughout the U.S. are enrolled in defined-benefit (DB) pension

plans. Research has documented that pension wealth accrual in these plans is heavily back loaded

(Costrell and Podgursky, 2009). The Missouri Public School Retirement System (PSRS) is a typical

DB pension plan and teachers in the PSRS are not covered by Social Security, which allows for a

straightforward analysis of their responses to the pension incentives without the confounding influence

of Social Security incentives. The pension benefits are based on the following formula:

B = F ∗ Y OS ∗ FAS

where B represents the annual pension benefit, F is the formula factor, Y OS is the years of service in

the system and FAS is the final average salary. In PSRS, FAS is calculated using the three highest

consecutive years of salary in a teacher’s career and F is 2.5 percent for normal retirement. Teachers

can immediately start collecting reduced benefits after early retirement eligibility, or they can start

collecting unreduced benefits after normal retirement eligibility.3 Based on the benefit levels and

eligibility rules, I calculate pension wealth as the present value of the stream of pension benefits at the

age a teacher starts teaching.4

3The amount of reduction of benefits for early retirement is shown in Table 1.
4Details about the pension wealth calculations are described in Appendix B.
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The Missouri PSRS implemented many pension law changes in the 1990s and early 2000s that

increased pension wealth for late career teachers, as shown in Table 1.5 I focus on two changes, in 2000

and 2002, which increased pension wealth for teachers in two different ways (school years are referred

to by the spring year throughout – e.g., the school year 1999-2000 is referred to as 2000). The changes

are illustrated in Figure 1 with the solid and dashed vertical lines. Note that the first spike in pension

wealth in Figure 1, marked by a dotted vertical line, is generated by early retirement eligibility for

teachers with 25 or more years of service. This enhancement was implemented in 1996 and it cannot

be analyzed using my method because of a lack of data availability prior to 1996.

The first pension change I examine in the year 2000 increased pension wealth by reducing the age

at which teachers are eligible for unreduced benefits.6 The change is referred to as the “rule-of-80,”

which allows normal retirement with unreduced benefits for teachers when the sum of their age and

service years equals 80 or more. Prior to the implementation of rule-of-80, teachers needed to reach

age 60 with at least five years of service, age 55 with at least 25 years of service or any age with at

least 30 years of service to be normal retirement eligible. The rule-of-80 helped move the normal

retirement eligibility to an earlier age for many teachers. It increased pension wealth upon attaining

the rule amount by an average of $15,000 over the value of pension wealth at previously-ineligible

combinations of age and experience. For instance, assuming continuous work, an age-22 entrant would

be not be eligible for normal retirement at age 51 after 29 years of service under the previous rule, but

this same entrant would now be eligible at age 51 under rule-of-80. The corresponding pension-wealth

gain at age-51 in this case is shown by the solid vertical line in Figure 1.

Second, the pension law change in 2002 increased the formula factor for teachers with 31 or more
5The information in Table 1 is taken from Koedel, Ni and Podgursky (2014). PSRS does not include teachers from St.

Louis and Kansas City because these two cities have separate municipal pension plans. Pension plans in St. Louis and Kansas
City do not offer full reciprocity with PSRS (Koedel et al., 2012).

6This enhancement became effective during the 1999-2000 school year.
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years of service.7 Specifically, normal retirement benefits in the system are calculated with a 2.5 percent

formula factor, but with the new law change, the formula factor was increased to 2.55 percent for all

years of service for teachers who attain at least 31 service years. For example, before the law change, a

31-year veteran would receive a pension that replaced 31*2.5=77.5 percent of her final average salary

at retirement (prior to any subsequent cost of living adjustments); after the change, the replacement rate

increased to 79.05 percent. This enhancement generated a bump in pension wealth past the pension

wealth peak, at age 53 for an age-22 entrant as shown by the vertical dashed line in Figure 1. On

average, this enhancement increased pension wealth by $5,000 at the 31st year.

3 Data and Empirical Strategy

3.1 Data

I analyze teacher retirement responses using a panel of administrative teacher data from the Missouri

Department of Elementary and Secondary Education (DESE) spanning 1996-97 to 2012-13. The

dataset contains information on teacher employment, as well as teacher age, race, gender and education

level. I define a retirement to have occurred whenever a teacher exits Missouri public schools for two

consecutive years during the late career. For late career teachers, an absence from an active position for

two consecutive years is highly correlated with retirement (Koedel, Podgursky and Shi, 2013).

I also merge information for the schools teachers worked in during the school year. School-level

characteristics are school-average student demographics and socioeconomic-status measures, total

enrollment, gradespan of the school, and urbanicity of the school (city, suburb, town and rural).

Summary statistics for the entire PSRS sample are shown in column 1 of Table 2. Columns 2-3 show

summary statistics for the sample used in my analysis.
7This enhancement became effective in the 2001-2002 school year.
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3.2 Empirical Strategy

I use a difference-in-difference (DD) design to identify the effects of the two Missouri pension law

changes on teacher retirement behaviors. The pension law changes created new, plausibly exogenous

spikes in teachers’ pension wealth accrual profiles. In describing my empirical strategy, I focus on the

implementation of rule-of-80 in 2000. My analysis of the 31st-year enhancement follows the same

logic.

Implementation of rule-of-80 in 2000 moved the pension wealth peak to an earlier age for many

teachers.8 I use age-22 entrants as an example to illustrate the change in the pension wealth peak. The

entry-age-group is determined by a teacher’s age at the beginning of the school year when she first

started teaching in the PSRS system.9 For age-22 entrants, implementation of rule-of-80 reduced the

normal retirement age with continuous work by one year, from age 52 under the 30-years-of-service

rule, to age 51 with 29 years of service.10

All Missouri teachers were affected by the pension enhancement. The contrasts in my DD models

compare teachers who began teaching at similar ages, at a fixed age late in the career. The treat-

ment/comparison designations divide teachers who experience sharp pension-wealth spikes one year

apart owing to the rigidity of the enhancement rules. For example, one comparison is between age-22

and age-23 entrants observed at 51. When pension wealth levels at a fixed late-career age are examined,

one group will be at their pension wealth peak while the other, similar group will not be at their peak,

due to the one-year difference in the entry age. In my analysis, an entry-age-group of teachers at

their pension peak is labeled as the “treatment” group, and an entry-age-group of teachers who started
8As an example of an exception, normal retirement eligibility did not change for age-30 entrants because previous normal

retirement eligibility (i.e., age 55 with at least 25 years of service) is identical to rule-of-80 eligibility.
9To be consistent, the beginning of the school year is assumed to be September 1 for all years.

10All retirement eligibility calculations are done assuming continuous work from the beginning of a teaching career.
Although many teachers do not work continuously for their entire career, this assumption prevents endogenous decisions to
take time off or buy pension service years in mid-career from biasing the findings.
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teaching one year later is labeled as the “comparison” group.

An advantage of my empirical strategy is that my findings will not be affected by the evolution

of a disutility for work by age. Many economic models assume that disutility for work evolves as

workers age and this is the main reason for retirement (Stock and Wise, 1990; Ni and Podgursky, 2016).

My empirical strategy compares retirement behavior of teachers at the same age late in the career,

ensuring that the estimates are not affected by any sharp, age-driven changes in the disutility of work.

Another advantage of this empirical strategy is that other contemporaneous pension enhancements

(e.g., shown in Table 1) do not affect the DD estimates. It is because other enhancements did not affect

the treatment and comparison groups differently. For instance, in 2000 (i.e., the year of rule-of-80

implementation), another enhancement reduced the number of years used in FAS calculation from 5 to

3 highest consecutive years of salary. This change applied to all teachers regardless of entry age which

affects the treatment and comparison groups identically.

I first focus on two specific groups of teachers, age-22 and age-23 entrants, at age 51 (two shaded

cells in columns one and two of Table 3), to illustrate the DD estimator. Assuming continuous work

and conditional on teaching at age 51, an age-22 entrant is at her pension wealth peak because she

has attained eligibility for unreduced benefits, while an age-23 entrant is a year shy of her peak. The

solid vertical line in Figure 2 captures the difference in pension wealth between these two groups of

teachers after the implementation of rule-of-80. The DD estimator is based on comparing the retirement

likelihood among 51-year-old teachers who started teaching at 22 versus 23, before and after the

implementation of rule-of-80 in 2000, as shown in Equation (1).

Exitiat = β0 + β1[Age 22 Entrants]iat ∗Afteriat + β2[Age 22 Entrants]iat

+Xiatγ + ζt + εiat

(1)

where Exitiat is a retirement decision for teacher i who started teaching at age a and is age 51 in year
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t. It is a binary outcome which takes a value of 1 if a teacher retires from public schools in Missouri.11

Age 22 Entrantsiat takes a value of 1 if a teacher started teaching at age 22, and it takes a value of 0

if a teacher started teaching at age 23. The Afteriat variable takes a value of 1 after the year 2000.12

The vector Xiat includes teacher characteristics such as gender, race and highest education level as

well as school-level variables such as percent of students in each race group, percent free or reduced

lunch status students, school type (elementary or non-elementary) and location (city, suburb, town

and rural). ζt are year fixed effects, which account for macro-economic shocks that may influence

retirement decisions. β1 is the coefficient of interest, which is the DD parameter. Age 22 Entrantsiat

and ζt capture level effects of treatment by age-22 entrants and time. I cluster the standard errors at the

school-level, since Brown and Laschever (2012) show that teachers learn about retirement from other

teachers in the same school.

This analogy can be applied to other entry-age groups of teachers as well. I use three pairs of

entry-age-groups in their twenties for the main analysis shown in Equation (2): age-22 versus age-23

entrants at age 51 as described above, age-24 versus age-25 entrants at age 52, and age-26 versus

age-27 entrants at age 53 (six shaded cells of Table 3). Teachers in these six entry-age-groups account

for two-thirds of the teacher labor force in Missouri.13 The difference in pension wealth at the focal

late-career age is expressed with the solid vertical lines in Figures 2, A.1, and A.2. They are analyzed
11As noted above, teacher retirement in year t is defined as when a teacher does not work in Missouri public schools in

next two years.
12As shown in Koedel and Xiang (2017), retirement eligible teachers may have postponed their retirement until the first

year of implementation in anticipation of getting the benefit of enhancement. I exclude a first cohort of age-22 and age-23
entrants in the analysis when age-22 entrants are 51 in the first year rule-of-80 implementation.

13While the majority of the distribution of entry ages for teachers is concentrated between 22 and 27, this distribution has
a long right tail going up to the 60s. Including additional entry-age groups would add a small number of teachers to the
sample while two major complications arise from additional entry-age groups: difference in conditions determining pension
eligibility and difference in teacher preferences. First, teachers who started teaching late are eligible for early retirement when
they reach age 55 with 5 years of service in contrast to those in the sample who become eligible after 25 years of service.
Second, teachers who started teaching at a different point in life may have different preferences that may be correlated with
retirement decisions.

8



by,

Exitiat = β0 + β1[Rule of 80 Treatment]iat ∗Afteriat +Xiatγ + µa + ζt + εiat (2)

where Rule of 80 Treatmentiat takes a value of 1 if teachers are at their rule-of-80 eligibility and

started teaching at either 22, 24 or 26. This variable takes a value of 0 if teachers are at the same

age as the treatment group but started teaching at 23, 25 or 27. For age-22 and age-23 entrants, the

conditional age is 51 when age-22 entrants (i.e., treatment group) reach their rule-of-80 eligibility but

age-23 entrants (i.e., comparison group) do not. Age-24 and age-25 entrants are analyzed at age 52,

and age-26 and age-27 entrants are analyzed at age 53. The Afteriat variable takes a value of 1 after

the year 2000. β1 is the coefficient of interest, which is the DD parameter. µa are fixed effects for

entry-age-groups, which allows each entry age group to have a different average retirement tendency.

ζt are year fixed effects. µa and ζt capture level effects of treatment by entry-age-groups and time.

All other variables are identical to Equation (1), and I continue to cluster the standard errors at the

school-level.

The main identification assumption is that treatment and comparison group teachers would have

similar retirement behaviors at the fixed ending age in the absence of the pension enhancement. Consis-

tent with this assumption, I provide evidence in the following section that treatment and comparison

teachers have very similar trends in retirement rates at the critical ages in the pre-enhancement years.

Another identification assumption is that treatment and comparison teachers have similar retirement

behaviors leading up to the focal late-career age. I also provide evidence that retirement rates between

treatment and comparison teachers do not differ statistically at any age leading up to the focal age,

except for a temporary divergence owing to a different early-retirement incentives (details provided

below).
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For the analysis of the 31st year formula factor increase in 2002, the empirical strategy is similar

to the previous approach except for the implementation year and the focal late-career age used in the

analysis. This approach focuses on teachers later in their careers – at either 30 or 31 years of service

(six boxed cells of Table 3). Specifically,

Exitiat = β0 + β1[31
st Y ear Treatment]iat ∗Afteriat +Xiatγ + µa + ζt + εiat (3)

where 31st Y ear Treatmentiat takes a value of 1 if teachers are at their 31st years of service and

started teaching at either age 22, 24 or 26. This variable takes a value of 0 if teachers are at the same

age as the treatment group but started teaching at 23, 25 or 27. The Afteriat variable takes a value of 1

after the year 2002.14 β1 is the coefficient of interest, which is the DD parameter. Similarly to above,

different entering ages generate differences in attainment of the 31st year at fixed late-career ages. For

example, comparing age-22 and age-23 entrants, at age-53 there is a divergence in pension wealth

between the two because while both groups are eligible for full retirement, the age-22 teachers attain the

31st year of service but the age-23 teachers have just 30 years. Similarly, age-24 and age-25 entrants

are analyzed at age 55, and age-26 and age-27 entrants are analyzed at age 57. The specifications are

otherwise identical to Equation (2).

4 Effect of Pension Enhancements on Retirement Decisions

4.1 Testing Identification Assumptions

I begin by providing evidence on whether treatment and comparison teachers display similar retirement

patterns prior to the two pension enhancements and thus satisfy a parallel trends assumption. First,
14The before period in this analysis includes 1997-1999, which is before the implementation of rule-of-80. The inclusion

of this period in this analysis will have limited influence on the estimates since teachers in both treatment (i.e., teachers with
31 years of service) and comparison (i.e., teachers with 30 years of service) groups have the same levels of pension wealth in
1997-1999 and in 2000-2001. The reason is that teachers with 30 or 31 years of service in 1997-1999 and 2000-2001 have
reached normal retirement eligibility, which occurs at 30 years of service at the latest.

10



Figure 3 shows that retirement rates follow the parallel trends for “treatment” and “comparison” teachers

from 1997 to 1999, before the rule-of-80 was implemented in 2000. Second, Figure 4 shows that

treatment and comparison teachers from sample I use to study the 31st year formula-factor increase

also have similar pre-enhancement trends. This second enhancement was first implemented in 2002 so

a longer pre-period trend can be constructed.

I also investigate whether there are differences in retirement likelihood by entry-age-groups before

normal retirement eligibility ages. Table 4 shows that teacher exit rates starting at age-40 are not

statistically different by entering age leading up to rule-of-80, excluding a short window where the

aforementioned “25-and-out” rule differentially spikes their retirements (recall that the pension-wealth

effect from the 25-and-out provision is shown by the dotted vertical line in Figure 1), for age-22 entrants

(i.e., the largest of the three treatment entry-age-groups) and age-23 entrants (i.e., the largest of the three

comparison entry-age-groups). The “25-and-out” spike affects age-22 entrants at age 47, and age-23

entrants at age-48, which can be clearly observed in the table. This is consistent with the literature that

finds the effect early retirement eligibility on retirement responses (Furgeson, Strauss and Vogt, 2006;

Koedel, Podgursky and Shi, 2013; Brown, 2013; Fitzpatrick and Lovenheim, 2014).15 However, by

age-49 both trends re-align leading into the focal age of 51, where the rule-of-80 takes effect.

Tables A.1 and A.2 show additional retirement rates by age for two other pairs of treatment and

comparison teachers, and there are no systematic differences in retirement rates between groups.

Consistent with results shown in Table 4, retirement rates are similar at all ages leading up to the

focal retirement age, again excluding temporary spikes owing to the 25-and-out provision. In all cases,

retirement rates re-stabilize the year after 25-and-out eligibility leading up to the focal late-career age.16

15Early retirement formula factors increase with service years: 2.2% for 25 years of service, 2.25% for 26 years, 2.3%
for 27 years, 2.35% for 28 years and 2.4% for 29 years. Figure A.3 depicts the densities of retiree age between age-22 and
age-23 entrants, showing that age-22 and age-23 entrants have similar shares of retirees overall between ages 40-50.

16There is one age cell that is an exception to the general pattern shown between treatment and comparison groups.
Retirement rates at age 48 for age-24 and age-25 entrants are statistically different while there is no known pension wealth
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4.2 Effect of Rule-of-80 Implementation

Table 5 shows the effect of rule-of-80 implementation on retirement decisions by comparing same-age

teachers who are eligible for normal retirement (i.e., the treatment group) to those ineligible for normal

retirement by one year (i.e., the comparison group). Because I compare teachers’ decisions at the

peak, and one year prior to the peak, complexities associated with the forward-looking option value of

continued work do not confound the interpretation of the locally-identified estimate.

The full model in column (3) of Table 5 indicates that the implementation of rule-of-80 increased

the conditional likelihood of retirement by 6.1 percentage points, which translates to a 62.2 percent

increase in retirement rate. This estimate is qualitatively insensitive to including teacher and school

controls, which is consistent with the identifying assumptions of the DD model being satisfied. The

coefficients for teacher and school covariates are suppressed in Table 5 for brevity and the full results are

reported in Appendix Table A.3. Column (1) of Table 5 shows DD estimates with only entry-age-group

and year fixed effects (i.e., basic DD variables); column (2) shows estimates with teacher-level controls;

and column (3) shows estimates with school-level controls. The estimate in column (1) shows that

the enhancement increased retirement likelihood by 5.9 percentage points. Estimates in columns (1)

through (3) are similar (i.e., from 5.9 to 6.1 percentage points), and I use the model specification shown

in column (3) for all following analyses (i.e., Equation (2)).

For treatment teachers, the average increase in pension wealth at the focal late-career age is

approximately $15,000.17 Relative to the average pre-enhancement pension wealth value among these

teachers of $234,193, rule-of-80 increased pension wealth by 6.3 percent. Among papers that document

the causal effect of pension enhancements on retirement behaviors, my findings are most closely related

spikes in the given age cell (Table A.1).
17The pension wealth gain for the treatment teachers are different by entry-age: age-22 entrants gain $10,000, age-24

entrants gain $15,000 and age-26 entrants gain $20,000. I calculate pension wealth as the present value of the stream of
pension benefits at the age a teacher starts her career.
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to those in Brown (2013). Estimates identified by Brown (2013) predicts that the change in pension

wealth for treatment teachers of $15,000 increases retirement likelihood by 0.465 percentage points.18

This is significantly lower than the effect size estimated in the present paper. Possible explanations

include that the effect of pension wealth on retirement behavior is heterogeneous by age, and/or is

particularly pronounced at key pension-plan milestones. Brown (2013) uses a sample of workers

between age 55 and 75, and related work by Coile and Gruber (2007), which also finds much smaller

response elasticities, focuses workers between age 55 and 69. In contrast, I focus on a group in a very

narrow age window comprised of younger workers where the treated group just crossed the threshold

for full-retirement eligibility.

Note that the effect of a pension enhancement on retirement likelihood comprises two separate

incentives that influence retirement behaviors: an incentive designed to “pull” teachers (i.e., reduce

retirement likelihood) to an eligibility benchmark with higher benefits, and an incentive designed

to “push” them into retirement (i.e., increase retirement likelihood) past the benchmark. Before

the implementation of two enhancements, smooth pension wealth accrual between treatment and

comparison teachers is reflected in parallel trends in retirement rates as shown in Figures 3 and 4.

As two enhancements create a wedge in pension wealth between treatment and comparison teachers,

retirement rates change in response to the change in “pull” and “push” incentives. Thus, the DD

estimates successfully capture both “pull” and “push” effects for each enhancement in a narrow window

around the eligibility benchmark.
18Brown (2013) estimate that a $100,000 increase in pension wealth decreases the likelihood to work an additional year by

3.1 percentage points. Since teachers in my sample have at most one year to work, I use likelihood to work an additional year
and retirement likelihood interchangeably.
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4.3 Effect of 31st Year Increase in Formula Factor

Table 6 shows the effect on retirement of the second pension enhancement in 2002 that increased the

formula factor for teachers with 31 or more years of service. While a normal retirement eligible teacher

qualifies for a formula factor of 2.5 percent, the 2002 enhancement increases the formula factor to 2.55

percent for teachers with 31 or more years of service. Teachers in both the treatment and comparison

groups in this analysis are past their maximum pension wealth, and they are retiring with a lower

pension wealth relative to the peak.

The full model in column (3) of Table 6 indicates that the 31st year formula factor increases

enhancement increased the conditional likelihood of retirement by 13.9 percentage points, which

translates to a 47.1 percent increase in retirement rate. Thus, the 2002 enhancement greatly increased

the likelihood of retirement at the 31st year of service (this result is also consistent with descriptive

evidence from Koedel, Ni and Podgursky, 2014). Coefficients for teacher and school covariates are

suppressed in Table 6 and subsequent tables. The estimate in column (1) - base model - shows that

the enhancement increased retirement likelihood by 14.2 percentage points. Estimates in columns (1)

through (3) are similar (i.e., from 13.9 to 14.2 percentage points), and I use the model specification

shown in column (3) for all following analyses (i.e., Equation (3)).

Recall that the 2002 enhancement resulted in a much smaller marginal increase in pension wealth

than the rule-of-80 – on average, just $5,000.19 Average pre-enhancement pension wealth at the 31st

year was $238,749, and thus the roughly $5,000 increase corresponds to a 2.0 percent increase for

treated teachers. It partially offsets the decline in pension wealth after the peak.
19The pension wealth gains for treatment teachers are similar across various entry-ages: age-22 entrants gains $5,000,

age-24 entrants gain $4,800 and age-26 entrants gain $4,600. The values decline as the entry age rises because the older
entry-age groups will collect their pensions for fewer years, on average.
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4.4 Inconsistent Retirement Responses to Pension Wealth

Teachers’ responses to the two enhancements provide insight into how pension wealth factors into

their retirement decisions. While both enhancements increased retirements, the magnitudes of the

effects are substantially different, as are the associated dollar-value changes in pension wealth. Based

on the results of Tables 5 and 6, it does not seem as though the pecuniary values of pension-wealth

changes are particularly influential. If pension wealth changes were the key factor driving decisions,

the enhancement that was more valuable on the margin, rule-of-80, should have elicited the larger

behavioral response as well. However, teachers’ responses to the rule-of-80 enhancement, while

significant, were not as large as their responses to the 31st year formula factor increase.

To further highlight the differential response to pension-wealth changes caused by the enhancements,

Table 7 presents additional retirement response estimates using direct measures of pension wealth

changes from the enhancements in place of simple indicators for their presence. Specifically, using the

samples from above used to examine each enhancement, Table 7 presents results from models of the

following form:

Exitiat = β0 + β1Log(Pension Wealth)iat +Xiatγ + µa + ζt + εiat (4)

where Log(Pension Wealth)iat is the log of pension wealth at the focal late-career age for treatment

and comparison teachers. Equation (4) is analogous to Equations (2) and (3) above and facilitates direct

estimation of retirement responses with respect to changes in pension wealth owing. The variation

in Log(Pension Wealth)iat in the model comes primarily from differences between treatment and

comparison teachers in their eligibility for the relevant enhancement.20

Consistent with the results presented previously, a much larger behavioral response per dollar was
20There is also some variation in pension wealth owing to differences in salaries across teachers within entry-age and year

cells, but this is a small fraction of the variance.
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generated with the 31st year enhancement. Column (1) of Table 7 shows that the retirement responses

with respect to pension wealth changes driven by the implementation of rule-of-80. Column (1) of

Table 7 indicates that one percent increase in pension wealth increased the conditional likelihood of

retirement by 1.0 percentage points. Column (2) of Table 7 shows the analogous response for the

31st year formula factor increase: one percent increase in pension wealth increased the conditional

likelihood of retirement by 4.3 percentage points.21

The strength of the retirement responses to pension enhancements does not align with their pecuniary

values, after considering that retirement likelihood is higher when teachers reach their 31st year of

service. To compare the retirement response in relative terms, I calculate pension wealth elasticity of

retirement likelihood at the focal late-career age. The baseline retirement rate for treatment teachers in

two analysis samples is 9.8 percent for the rule-of-80 sample (shown in column (3) Table 5) and 29.5

percent for the 31st year sample. For teachers around the rule-of-80 eligibility benchmark, pension

wealth elasticity of retirement likelihood is 9.88.22 For teachers around their 31st year of service,

pension wealth elasticity of retirement likelihood is 23.56.23 Since teachers in two samples are only 2-4

years apart in age, this large difference in pension wealth elasticity cannot be explained when teachers

base their retirement decisions solely on pension wealth.

The findings from Koedel and Xiang (2017) are consistent with the results I find. Koedel and Xiang

(2017) use a 1999 pension benefit enhancement in St. Louis to study the retention of public school

teachers in St. Louis. The St. Louis pension enhancement in 1999 increased formula factors and thus
21For all dollar-value calculations, I discount pension wealth to the point of entry for each entry-age-group. If I instead

discount to the fixed late-career age I obtain a similar (but not identical) disparity in retirement response between two
enhancements. Discounting matters, albeit very modestly, because the one-year gap in entering ages generates a small
disparity in total pension wealth between entry-age groups, which is slightly exacerbated when the discounting window
narrows.

22Pension wealth elasticity of retirement likelihood at the focal late-career age is calculated by retirement likelihood
increasing 62.4 percent as a result of 6.3 percent increase in pension wealth.

23Pension wealth elasticity of retirement likelihood at the 31st year of service is calculated by retirement likelihood
increasing 47.1 percent as a result of 2.0 percent increase in pension wealth.

16



increased pension wealth.24 Koedel and Xiang (2017) find that the formula factor increase in St. Louis

had no retention effects by comparing teachers close to retirement eligibility to those far from it.25 This

provides additional evidence that teachers do not understand their pension wealth.

5 Sensitivity Analysis

My results thus far are consistent with pension wealth not being a key driver of decisions, but there are

two alternative explanations: change in a disutility for work by age and particular subgroups driving

the results (Chan and Stevens, 2008; Chetty et al., 2014).

A first alternative explanation is that my findings are driven by heterogeneous effects associated

with differences in age between teachers who are affected by the rule-of-80 and those affected by

the 31st year enhancement. For example, it could be that the responses to the two enhancements

are different because those affected by the 31st year rule are a few years older, which could greatly

influence the disutility of work at the late-career stage I study. For those who started teaching in their

twenties, they reach rule-of-80 eligibility 2-4 years before their 31st year of service.

To examine the potential for this type of bias, in Table 8 I estimate the effects of the two en-

hancements after restricting the samples of teachers to be of the same late-career age. Specifically, in

Table 8 I include only 53- and 54-year-old teachers to ensure that teachers have similar unobservable

characteristics that may change with age, such as disutility for work. I use ages 53 and 54 because at

those age cells, there are teachers who started working in their twenties eligible for each enhancement.

Teachers who are 53 and 54 face different pension incentives depending on their entry age: Age-26 and

-28 entrants are at the rule-of-80 threshold, while age-22 and 23 entrants are at the 31st year threshold.
24The St. Louis enhancement in 1999 did not change retirement eligibility and the optimal retirement timing remained the

same after the enhancement.
25The only delayed retirement in response to the St. Louis enhancement is identified among teachers who were working

but already retirement eligible at the time when the enhancement was approved. These teachers delayed retirement between
the approval and enactment of the enhancement.
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Conditional on the same late-career age, teachers at these thresholds display vastly different retirement

responses, which is consistent with the results in Tables 5 and 6. This provides evidence that teacher

age differences are not driving the inconsistency in the pension-wealth responses associated with the

two enhancements.

Second, I analyze the potential for heterogeneity in teacher responsiveness to the enhancements in

Table 9. The enhancements were blunt instruments, so it is not obvious a priori why responses would

differ across different types of teachers, but it is possible that some types of teachers were particularly

responsive to one or both of the enhancements. It is especially important to study the heterogeneity of

the effect since Chan and Stevens (2008) find that the responsiveness to pension incentives is entirely

driven by the 20 percent of workers who perceive them correctly. Also, Chetty et al. (2014) find that

19.3 percent are “active savers” and they drive the aggregate pension contribution reduction in response

to reduced subsidies. For the heterogeneity analyses, I divide the sample by two teacher characteristics

(gender and highest level of education) and two school-level variables (location of school and percent

of free or reduced priced lunch eligible students). In Table 9, all subgroups show similar response

patterns between two enhancements.

6 Conclusions

I examine the effect of two pension enhancements on teacher retirement behaviors in Missouri. My

empirical strategy focuses on teachers very close to key pension plan milestones created by the

enhancements to identify the causal effects of enhancements on outcomes. Rule-of-80 reduced the

normal retirement age for many teachers, increasing the incentive for earlier retirement. I find that

this enhancement increased retirement likelihood by 6.1 percentage points for teachers when they

first become eligible for normal retirement due to rule-of-80. The enhancement that increased the

formula factor for teachers with 31 or more years of service increases the retirement likelihood by 13.9
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percentage points at the 31st service year. In both cases the retirement responses to the enhancement is

high. However, the response to the 31st year enhancement is much larger, both in absolute terms and

relative terms when one accounts for the associated marginal changes in pension wealth associated

with each enhancement. The pension wealth elasticities of retirement likelihood is 9.88 for rule-of-80

and 23.56 for the 31st year enhancement.

My findings are inconsistent with a model in which teachers make retirement decisions primarily

based on pension-wealth implications. This is conditional on being responsive to plan rules, and

suggests that some other feature of the rules is behaviorally important. One explanation for these results

is that workers have a limited understanding of the value of their pensions, in which case they may

simply be responding to key plan milestones without recognizing their true pecuniary importance (Chan

and Stevens, 2008; Mastrobuoni, 2011; Clark, Morrill and Allen, 2012; Brown et al., 2013; Liebman

and Luttmer, 2015). My findings are also consistent with Lumsdaine, Stock and Wise (1996), who find

that workers use the normal retirement age as a focal point in their retirement decisions. They find that

“option value” and stochastic dynamic programming models of retirement consistently underpredict

retirement rates at the normal retirement age, and they rule out other possible explanations except for

the focal point argument.

These results have policy implications for plan design during a tumultuous time for public DB

pension plans nationally (Biggs, 2011; Novy-Marx and Rauh, 2011, 2014). A fundamental takeaway

is that when designing incentives to influence late-career retention/retirement decisions, efficiency

may hinge critically on non-pecuniary factors. For instance, plan changes that alter formula factors

without altering retirement milestones may have little effect (Koedel and Xiang, 2017), whereas changes

to eligibility conditions may elicit a larger behavioral response. That said, the results here suggest

that there can be large differences in worker responsiveness to different types of changes in pension
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plan milestones. Based on the results from the present study and Chetty (2015), which suggests

incorporating behavioral factors in policy decisions, future work that improves our understanding of

the non-pecuniary factors that drive behavior can be incredibly valuable to retirement plans, which are

under intense fiscal pressure reduce expenditures while minimizing adverse consequences in the labor

market.
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Figure 1: Pension Wealth Accrual Profile for Age-22 Entrants

Note: Pension wealth described in Figure 1 is based on pension rules after both enhancements.
Dotted vertical line is at age 47 when age-22 entrants reach their early retirement eligibility. Solid
vertical line is at age 51 when age-22 entrants reach their rule-of-80 eligibility. Dashed vertical line
is at age 53 when age-22 entrants become eligible for formula factor increase at 31st year of service.
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Figure 2: Pension Wealth Accrual Profile for Age-22 and Age-23 Entrants

Note: Pension wealth described in Figure 2 is based on pension rules after both enhancements. Solid
vertical line is at age 51 when age-22 entrants reach their rule-of-80 eligibility. Dashed vertical line
is at age 53 when age-22 entrants become eligible for formula factor increase at 31st year of service.

Figure 3: Retirement Rate by Year: Rule-of-80 Enhancement Sample

Note: Figure 3 shows the retirement rate by year for the treatment and comparison groups, as in
Equation 2. Solid vertical line is at year 2000 when the rule-of-80 enhancement was implemented.
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Figure 4: Retirement Rate by Year: The 31st Year Formula Factor Increase Sample

Note: Figure 4 shows the retirement rate by year for the treatment and comparison groups, as in
Equation 3. Solid vertical line is at year 2002 when the 31st year formula factor increase was
implemented.
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Table 1: Missouri Public School Retirement System (PSRS) Pension Rule Changes
Effective Year Pension Rules

Previously Formula Factor = 2.3%, COLA Cap = 65%
FAS Calculated using 5 Highest Consecutive Years of Salary

Early Retirement: AGE ≥ 55 and EXP ≥ 5, EXP ≥ 25
Normal Retirement: AGE ≥ 55 and EXP ≥ 25, AGE ≥ 60 and EXP ≥ 5, EXP ≥ 30

Pension Benefit Enhancements

1996-1997 COLA Cap Increased to 75%
1998-1999 Formula Factor Increased to 2.5%

Formula Factors Increased for Early Retirement (EXP ≥ 25)
1999-2000 Implementation of Rule-of-80 (AGE+EXP ≥ 80)

FAS Calculated using 3 Highest Consecutive Years of Salary
2000-2001 COLA Cap Increased to 80%
2001-2002 Formula Factor Increased to 2.55% if EXP ≥ 31

Note: Rule-of-80 implies that teachers become normal retirement eligible when the sum of age and experience is 80
or greater. The enhancement in 1998-1999 increased formula factors for early retirements with 25 or more years of
service: 2.2 percent for 25 years, 2.25 for 26 years, 2.3 for 27 years, 2.35 for 28 years and 2.4 for 29 years. Early
retirement under “AGE ≥ 55 and EXP ≥ 5” reduces full pension to 63.15, 69.09, 75.66, 82.93 and 91.01 percent for
ages 55, 56, 57, 58 and 59, respectively. No significant pension benefit enhancements after 2001-2002 school year.
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Table 2: Missouri Public School Retirement System (PSRS) Summary Statistics
Percent in Each Sample

Variables All PSRS Rule-of-80 31st Year Factor Increase

Teacher Characteristics
Female 77.60 72.36 71.25
Black 3.15 2.99 3.90
Hispanic 0.36 0.13 0.15
White 96.13 96.69 95.75
Asian 0.22 0.06 0.10
Native American 0.12 0.11 0.11
Baccalaureate 45.45 23.95 22.39
Masters 51.32 69.29 70.29
Doctorate 0.78 1.25 1.44
Other 2.46 5.50 5.87

School Characteristics
Log(Enrollment) 6.17 6.24 6.22
Percent Black 12.16 11.53 12.74
Percent Hispanic 2.52 2.26 2.34
Percent White 83.19 84.26 82.89
Percent Asian 1.40 1.38 1.45
Percent Native American 0.39 0.34 0.36
Percent FRL 39.49 37.92 38.57
Elementary School 49.78 46.56 46.21
City 10.86 12.00 12.09
Suburb 28.87 27.00 28.68
Town 17.27 20.21 19.07
Rural 41.98 39.84 39.23

N 1,102,566 11,192 7,342

Note: Data is from 1997 to 2013. Rule-of-80 sample consists of age-22 and 23 entrants at
age 51, age-24 and 25 entrants at age 52, and age-26 and 27 entrants at age 53. The 31st

Year Factor Increase sample consists of age-22 and 23 entrants at age 53, age-24 and 25
entrants at age 55, and age-26 and 27 entrants at age 57.
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Table 3: Enhancement Eligibility by Age between Age-22 and Age-27
Entrants

Entry Age
Age Age-22 Age-23 Age-24 Age-25 Age-26 Age-27

50 28 27 26 25 24 23
51 29 28 27 26 25 24
52 30 29 28 27 26 25
53 31 30 29 28 27 26
54 32 31 30 29 28 27
55 33 32 31 30 29 28
56 34 33 32 31 30 29
57 35 34 33 32 31 30
58 36 35 34 33 32 31

Note: Table 3 presents years of service and enhancement eligibility by age
between age-22 and age-27 entrants. Teachers in six shaded cells are in-
cluded in the rule-of-80 analysis. Teachers in six boxed cells are included
in the 31st year formula factor increase analysis. Among them, treatment
group teachers are those in the cell represented by bold numbers while com-
parison group teachers are those in the cell represented by non-bold numbers.
For rule-of-80 analysis, age-22 and age-23 entrants are analyzed at age 51,
age-24 and age-25 entrants are analyzed at age 52, and age-26 and age-27
entrants are analyzed at age 53. For 31st year analysis, age-22 and age-23
entrants are analyzed at age 53, age-24 and age-25 entrants are analyzed at
age 55, and age-26 and age-27 entrants are analyzed at age 57.

Table 4: Retirement Rate and Pension Wealth by Age for Age-22 and Age-23 Entrants
Age-22 Entrant Age-23 Entrant Difference in

Age Retirement % PW Retirement % PW Retirement % (P-value) PW

40 1.0 42,734 1.1 40,991 -0.1 (0.692) 1,742
41 1.0 47,520 1.4 45,779 -0.4 (0.084) 1,741
42 1.2 52,631 1.3 50,906 -0.1 (0.567) 1,725
43 0.8 63,809 1.1 56,382 -0.3 (0.327) 7,427
44 1.0 77,005 1.3 68,356 -0.3 (0.228) 8,649
45 0.9 92,493 0.8 82,492 0.1 (0.694) 10,000
46 0.9 110,602 1.1 99,084 -0.2 (0.632) 11,518
47 4.5 227,437 1.4 118,483 3.1 (0.000) 108,954
48 3.6 232,985 4.9 224,652 -1.3 (0.008) 8,332
49 3.2 237,721 3.6 229,952 -0.4 (0.331) 7,769
50 3.5 241,611 3.2 234,431 0.3 (0.571) 7,180

Note: Table 4 presents retirement rates and pension wealth by age for age-22 entrants and age-23 entrants.
Retirement rates during the entire sample period (1997-2013) are calculated leading up to age 51, when age-22
entrants are normal retirement eligible due to rule-of-80. At age 47, age-22 entrants reach early retirement
eligibility of 25-and-out (i.e., EXP ≥ 25). At age 48, age-23 entrants reach early retirement eligibility.
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Table 5: Estimates of the Effect of Rule-of-80 Implementation on Retirement

(1) (2) (3)
VARIABLES No Controls Add Teacher Char. Add School Char.

After*Rule-of-80 0.059*** 0.060*** 0.061***
(0.018) (0.018) (0.018)

School Char. X
Teacher Char. X X
Year Fixed Effects X X X
Entry Age Fixed Effects X X X
R-squared 0.022 0.024 0.029
Observations 11,192 11,192 11,192

Baseline Retirement Rate 0.098

Note: Table 5 presents the effect of rule-of-80 implementation on retirement. Age-22, 24, 26
entrants are the treatment groups and age-23, 25, 27 entrants are the comparison groups. Age-
22 and 23 entrants are analyzed at age 51 when age-22 entrants are normal retirement eligible
due to the implementation of rule-of-80. Similarly, age-24 and 25 entrants are analyzed at age
52, and age-26 and 27 entrants are analyzed at age 53. Coefficients for school and teacher
characteristics are shown in Table A.3. Entrant age group and retiring year fixed effects are
not shown. Standard errors are clustered at the school level. *** p<0.01, ** p<0.05, * p<0.1

Table 6: Estimates of the Effect of 31st Year Formula Factor Increase on Retirement

(1) (2) (3)
VARIABLES No Controls Add Teacher Char. Add School Char.

After*31st Year Factor Increase 0.142*** 0.141*** 0.139***
(0.028) (0.028) (0.027)

School Char. X
Teacher Char. X X
Year Fixed Effects X X X
Entry Age Fixed Effects X X X
R-squared 0.017 0.019 0.025
Observations 7,342 7,342 7,342

Baseline Retirement Rate 0.295

Note: Table 6 presents the effect of 31st year formula factor increase on retirement. Age-22, 24, 26
entrants are the treatment groups and age-23, 25, 27 entrants are the comparison groups. Age-22 and
23 entrants are analyzed at age 53 when age-22 entrants are in their 31st year and qualify for the
formula factor increase. Similarly, age-24 and 25 entrants are analyzed at age 55, and age-26 and 27
entrants are analyzed at age 57. Coefficients for school and teacher characteristics, entrant-age-group
fixed effects and year fixed effects are not shown. Standard errors are clustered at the school level. ***
p<0.01, ** p<0.05, * p<0.1

29



Table 7: Estimates of the Effect of Increase in Pension Wealth on
Retirement

(1) (2)
VARIABLES Rule-of-80 31st Year Factor Increase

Log(Pension Wealth) 1.001*** 4.302***
(0.298) (1.134)

Covariates X X
Year Fixed Effects X X
Entry Age Fixed Effects X X
R-squared 0.029 0.023
Observations 11,192 7,342

Note: Table 7 presents the effect of enhancements measured by change in pen-
sion wealth on retirement. Coefficients for school and teacher characteristics,
entrant-age-group fixed effects and year fixed effects are not shown. Standard
errors are clustered at the school level. *** p<0.01, ** p<0.05, * p<0.1

Table 8: Estimates of the Effect of Two Enhancements on Retirement among Teachers who are 53 or 54

(1) (2) (3) (4)
Reduced Form Pension Wealth

VARIABLES Rule-of-80 31st Year Factor Increase Rule-of-80 31st Year Factor Increase

After*Enhancement 0.060* 0.151***
(0.035) (0.027)

Log(Pension Wealth) 0.621 7.041***
(0.512) (1.310)

Covariates X X X X
Year Fixed Effects X X X X
Entry Age Fixed Effects X X X X
Observations 3,976 7,008 3,976 7,008
R-squared 0.023 0.022 0.023 0.022

Note: Table 8 presents the effect of two enhancements when the teachers are 53 or 54. All teachers in the analysis are 53 or
54 years old, however, they face different pension incentives depending on their entry age. For rule-of-80 analysis (column
1 and 3), age-26, 28 entrants are the treatment groups and age-27, 29 entrants are the comparison groups. Age-26 and 27
entrants are analyzed at age 53 when age-26 entrants are normal retirement eligible due to the implementation of rule-of-80.
Similarly, age-28 and 29 entrants are analyzed at age 54. For 31st year enhancement analysis (column 2 and 4), age-22 and
23 entrants are analyzed at age 53 when age-22 entrants are in their 31st year and qualify for the formula factor increase
(i.e., treatment group). Similarly, age-23 and 24 entrants are analyzed at age 54 and age-23 entrants are the treatment group.
Coefficients for school and teacher characteristics, entrant-age-group fixed effects and year fixed effects are not shown.
Standard errors are clustered at the school level. *** p<0.01, ** p<0.05, * p<0.1
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Table 9: Estimates of the Heterogeneity Effect of Enhancements

By Teacher Characteristics
Baccalaureate Masters or

Female Male or Other Doctorate

Rule-of-80 0.056*** 0.075** 0.081** 0.054**
(0.021) (0.035) (0.034) (0.021)

31st Year Factor Increase 0.117*** 0.134*** 0.096** 0.136***
(0.026) (0.034) (0.039) (0.024)

By School Characteristics
City or Town or % FRL Median
Suburb Rural Above Below

Rule-of-80 0.070** 0.042* 0.048* 0.069***
(0.030) (0.023) (0.027) (0.024)

31st Year Factor Increase 0.129*** 0.115*** 0.075** 0.154***
(0.030) (0.030) (0.035) (0.025)

Note: Table 9 presents heterogeneity effects of two enhancements. Each estimate is from
a separate regression. The 31st year factor increase analysis uses the combined sample.
Standard errors are clustered at the school level. *** p<0.01, ** p<0.05, * p<0.1
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Appendix A

Figure A.1: Pension Wealth Accrual Profile for Age-24 and Age-25 Entrants

Note: Pension wealth described in Figure A.1 is based on pension rules after both enhancements.
Solid vertical line is at age 52 when age-24 entrants reach their rule-of-80 eligibility. Dashed vertical
line is at age 55 when age-24 entrants become eligible for formula factor increase at 31st year of
service.
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Figure A.2: Pension Wealth Accrual Profile for Age-26 and Age-27 Entrants

Note: Pension wealth described in Figure A.2 is based on pension rules after both enhancements.
Solid vertical line is at age 53 when age-26 entrants reach their rule-of-80 eligibility. Dashed vertical
line is at age 57 when age-26 entrants become eligible for formula factor increase at 31st year of
service.
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Figure A.3: Age Distribution of Retirees for Age-22 and Age-23 Entrants

Note: Age distribution in Figure A.3 is from 2002-2013, which is after both enhancements. Solid
vertical line is at age 51 when age-22 entrants reach their rule-of-80 eligibility. Dashed vertical line
is at age 53 when age-22 entrants become eligible for formula factor increase at 31st year of service.
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Figure A.4: Kaplan-Meier Survival Estimate for Age-22 and Age-23 Entrants

Note: Kaplan-Meier survival estimate in Figure A.4 is from 2002-2013, which is after both enhance-
ments. Solid vertical line is at age 51 when age-22 entrants reach their rule-of-80 eligibility. Dashed
vertical line is at age 53 when age-22 entrants become eligible for formula factor increase at 31st

year of service.
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Table A.1: Retirement Rate and Pension Wealth by Age for Age-24 and Age-25 Entrants
Age-24 Entrant Age-25 Entrant Difference in

Age Retirement % PW Retirement % PW Retirement % (P-value) PW

40 2.0 39,136 2.3 37,175 -0.3 (0.433) 1,961
41 1.9 43,913 2.2 41,927 -0.3 (0.488) 1,986
42 1.4 49,041 2.4 47,044 -1.0 (0.017) 1,998
43 1.9 54,534 1.9 52,539 0.0 (0.937) 1,995
44 1.5 60,399 1.5 58,422 0.0 (0.977) 1,977
45 1.3 73,227 2.0 64,706 -0.7 (0.070) 8,521
46 1.3 88,371 1.7 78,449 -0.4 (0.310) 9,922
47 1.4 106,145 1.3 94,673 0.1 (0.887) 11,472
48 2.8 126,927 1.4 113,714 1.4 (0.002) 13,213
49 4.1 221,728 2.5 135,978 1.6 (0.004) 85,750
50 3.8 226,770 4.3 218,669 -0.5 (0.425) 8,101
51 4.2 230,983 4.6 223,443 -0.4 (0.494) 7,540

Note: Table A.1 presents retirement rates and pension wealth by age for age-24 and age-25 entrants. Retire-
ment rates during the entire sample period (1997-2013) are calculated leading up to age 52, when age-24
entrants are normal retirement eligible due to rule-of-80. At age 49, age-24 entrants reach early retirement
eligibility of 25-and-out (i.e., EXP ≥ 25). At age 50, age-25 entrants reach early retirement eligibility.
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Table A.2: Retirement Rate and Pension Wealth by Age for Age-26 and Age-27 Entrants
Age-26 Entrant Age-27 Entrant Difference in

Age Retirement % PW Retirement % PW Retirement % (P-value) PW

40 2.7 35,114 2.6 32,960 0.1 (0.805) 2,155
41 2.3 39,828 2.1 37,622 0.2 (0.663) 2,206
42 2.4 44,919 2.0 42,672 0.4 (0.446) 2,247
43 1.9 50,401 1.9 48,126 0.0 (0.953) 2,274
44 1.5 56,287 1.6 54,000 -0.1 (0.696) 2,288
45 1.7 62,591 2.0 60,307 -0.3 (0.479) 2,284
46 1.7 69,323 1.4 67,061 0.3 (0.451) 2,263
47 2.7 84,046 1.8 74,274 0.9 (0.089) 9,773
48 2.2 101,428 1.9 90,048 0.3 (0.554) 11,380
49 2.3 121,828 1.5 108,670 0.8 (0.123) 13,157
50 2.7 145,680 2.2 130,527 0.5 (0.403) 15,153
51 5.5 215,470 2.8 156,083 2.7. (0.000) 59,387
52 6.9 219,967 6.2 212,129 0.7 (0.415) 7,838

Note: Table A.2 presents retirement rates and pension wealth by age for age-26 and age-27 entrants. Retire-
ment rates during the entire sample period (1997-2013) are calculated leading up to age 53, when age-26
entrants are normal retirement eligible due to rule-of-80. At age 51, age-26 entrants reach early retirement
eligibility of 25-and-out (i.e., EXP ≥ 25). At age 52, age-27 entrants reach early retirement eligibility.
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Table A.3: Estimated Coefficients for School and Teacher Characteristics from Main
Models in Table 5

(1) (2) (3)
VARIABLES No Controls Add Teacher Char. Add School Char.

Female -0.020*** -0.013*
(0.007) (0.008)

Teacher-Asian -0.090*** -0.081***
(0.016) (0.015)

Teacher-Black -0.048*** -0.047***
(0.014) (0.015)

Teacher-Hispanic -0.117*** -0.114***
(0.014) (0.014)

Teacher-Native American 0.126 0.095
(0.125) (0.127)

Masters 0.000 -0.004
(0.007) (0.007)

Doctorate -0.017 -0.019
(0.025) (0.025)

Other 0.003 0.000
(0.015) (0.015)

Log(Enrollment) 0.022***
(0.005)

Percent Asian -0.002
(0.002)

Percent Black 0.000
(0.000)

Percent Hispanic 0.000
(0.001)

Percent Native American 0.014*
(0.007)

Percent FRL 0.001***
(0.000)

Elementary -0.013*
(0.008)

Suburb 0.006
(0.012)

Town -0.007
(0.012)

Rural -0.009
(0.011)

Constant 0.053*** 0.068*** -0.081**
(0.013) (0.015) (0.038)

Note: Table A.3 presents coefficients for school and teacher characteristics from analysis shown
in Table 5. Teacher race group White and education group baccalaureate are omitted. City
schools are omitted. Entrant age group and retiring year fixed effects not shown. Standard
errors are clustered at the school level. *** p<0.01, ** p<0.05, * p<0.1
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Appendix B

I predict future salary for all teachers at the entry age using parameters from a cubic wage growth

function with respect to years of service. This cubic wage growth function is estimated using a different

data set - a 16-year panel for all PSRS teachers - to be consistent with other studies that study pension

wealth for Missouri teachers (Koedel and Xiang, 2016).26 This wage growth function incorporates real

wage growth that results from additional years of service, obtainment of higher educational degree and

other features common to an average teacher.

Based on the pension benefit formula, I calculate pension wealth as the present value of the stream

of pension benefits at the age a teacher starts in teaching profession. Pension wealth at period e (i.e.,

entry age) when collection starts at j (j ≥ e) is calculated by the following formula:

T∑
t=j

Bt ∗ Pt|e ∗ dt−e

where B is the pension benefit at period t, P is the conditional probability of survival at t given the

individual is alive at e and d is the discount rate. I use a real discount rate of 4 percent.27 The survival

probabilities are from the Cohort Life Tables by the Social Security Administration which is different

by gender and birth year. For the ease of calculation, I only add pension benefits up to age 75 (i.e.,

T=75) and I assume that teachers start collecting their pension benefits when it maximizes their pension

wealth. However, results are not sensitive to these simplifications. Lastly, calculated pension wealth is

expressed in 2013 dollars.

26Wages are adjusted for inflation.
27Main conclusion of this paper is robust to the use of different level of discount rates. Koedel and Xiang (2016) use 4

percent discount rate, Coile and Gruber (2007) use 6 percent, and Costrell and Podgursky (2009) use 2.5 percent.

39


