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Introduction
State and local governments experienced substantial budget shortfalls in the wake of
the Great Recession and the U.S. housing crisis. The tough fiscal decisions states had
to make amid sharply declining tax revenues focused attention on public employee
pensions because underfunded pensions—pensions that had less money than necessary to pay all promised benefits—required additional state contributions in a fiscally
constrained budget environment.1
Some commentators argue that states should use the crisis as an opportunity to
replace so-called defined-benefit pensions for public employees, particularly for
teachers, with alternative retirement benefits such as defined-contribution plans, or
cash-balance plans, which are a hybrid between defined-benefit and defined-contribution pension plans. Under defined-benefit plans, teachers typically earn monthly
retirement benefits for the rest of their lives after deferring part of employees’ compensation during their careers. Usually, these plans are structured so that employees
earn more retirement benefits relative to their salary later in their careers, creating
incentives for employees to stay with one employer.
Alternative retirement benefits such as defined-contribution and cash-balance pension
plans do not defer compensation, moving more of public employees’ compensation to
earlier stages in their careers. Each year employees and employers contribute a share of
an employees’ salary to these alternative benefits and that share typically stays the same
over time. A teacher’s retirement income will depend on the performance of her investments for a defined-contribution plan and on the guaranteed interest rate earned on the
employer and employee contributions for a cash-balance plan.
By not deferring compensation these types of plans also end incentives for employees
to stay with one employer for long periods of time. These alternative-benefit plans, then,
would increase turnover among more experienced public employees relative to those
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who hold defined-benefit pensions. At the same time, alternative retirement benefits
would shift compensation to earlier stages in teachers’ careers, which could offer incentives to highly qualified applicants who might not otherwise enter teaching to consider
this career. The reason: Their defined-contribution or cash-balance plans would receive
new money in a constant proportion to teachers’ salaries while the contributions
increase relative to a teacher’s salary with a defined-benefit pension from a lower level
than is the case with defined-contribution and cash-balance plans.
The problem with this set of incentives, though, is that higher turnover and larger initial
pay work against each other with respect to average teacher effectiveness reflecting in
part their shorter time on the job on average with alternative benefits. More experienced
and presumably more effective teachers will become more likely to leave their jobs in
search of higher paying or more rewarding work. Less experienced teachers will replace
them, lowering the average teacher effectiveness, assuming that there is a difference in
effectiveness between experienced and inexperienced teachers because of a learning
curve. This drop in average teacher effectiveness, however, could be offset by greater
effectiveness among new hires due to higher initial pay.
Whether average teacher effectiveness will fall or rise after switching public employees
from deferred compensation under defined-benefit pensions to immediate compensation under defined-contribution or cash-balance plans will depend on the size of each of
the following effects:
• The amount of turnover
• The extent of the learning curve
• The reaction to initial compensation changes
The interactions of these three changes in determining the effectiveness of teachers is
not easy to predict. Indeed, the economic literature on teacher compensation and on
pensions shows a lot of uncertainty related to each of these three factors.2
Researchers, however, can use simulation techniques to better understand policy changes
when there is uncertainty over the size of relevant factors—as long as there is sufficient
evidence to quantify the uncertainty associated with each individual factor. This issue
brief summarizes the results of just such a detailed simulation.3 The simulations calculate
the chance that the average effectiveness of teachers will decline and the average change
in teacher effectiveness will fall after teachers’ pensions are switched from defined-benefit
plans to the two alternative retirement plans. The simulations show that:
• Average teacher effectiveness could decrease. There is only a 30.2 percent chance
that teacher effectiveness will go up with a defined-contribution plan and only a
41.2 percent chance that it will increase with a cash-balance plan compared to the
effectiveness under a defined-benefit pension. Average teacher effectiveness could
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fall by 4.3 percent with a defined-contribution plan and by 1.2 percent with a cashbalance plan relative to teachers with defined-benefit pensions.
• The risks for teacher effectiveness could be much greater. The simulations are biased
in favor of alternative retirement benefits, meaning they ignore the costs associated
with higher turnover and transition costs that would reduce the money available for
actual employee compensation under alternative benefits. The risks for teacher effectiveness highlighted in the first bullet, then, are probably too low because they do not
take into account these additional costs.
• Lowering teacher turnover could lower the risk of declining effectiveness. The
chance of higher teacher effectiveness exceeds 80 percent if turnover does not change
with retirement benefit changes. Public employers, however, have few tools available
to keep turnover steady, unlike private-sector employers who can offer stock options,
for instance, for skilled employees to stay for a desired length of time.
• Higher initial compensation has a limited impact on the risk of decreasing effectiveness. The chance of higher teacher effectiveness increases to a little over 50 percent if
teachers immediately qualify for their entire alternative-retirement benefits and thus
have little incentive to stay for long periods of time.4 The actual risk is likely much
higher since the calculation ignores the employers’ costs to hire and train new teachers.
• There are substantial transition costs in switching retirement benefits. Transition
costs can last about four decades. A switch to a cash-balance plan requires transition
costs of an average of 0.7 percent of payroll over the next 40 years, and a switch to
defined-contribution plans cost an average of 0.3 percent of payroll over the same period.
My simulations, in short, demonstrate that changing retirement benefits carries large
risks and costs with it because average teacher effectiveness could fall after a switch from
defined-benefit pensions to alternative retirement benefits. Those interested in raising
teacher effectiveness may be better served finding other policy levers than switching
retirement benefits.
Let’s now turn in more detail to the types of retirement benefits available to teachers,
and then explore in more depth the findings of our simulations.

Types of retirement benefits
Teacher retirement benefits are typically defined-benefit pensions. Teachers receive lifetime retirement benefits, based on years of service, age, and final earnings. They often have
to work for at least five or more years before they earn any claim to retirement benefits, or
become vested in pension parlance.5 Benefits are financed by employee and employer con-
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tributions in addition to investment earnings on accumulated assets. Employee contributions are made at a fixed rate, while employers bear the risk if plans have too few assets to
pay all promised benefits and if more employer contributions are necessary.
There are several proposals to use defined-contribution or cash-balance plans instead of
defined-benefit plans.6 In these retirement plans employees and employers contribute a
fixed percentage of earnings each year. The money is allocated to an individual account,
with employees deciding how the funds are invested and shouldering the risks associated with these decisions.
Cash-balance plans are a hybrid of the first two types of plans. They are still defined-benefit
plans but they resemble defined-contribution plans in key aspects. Each worker receives a
notional (hypothetical) account, even though all funds are invested as one large pension
pool. An employee’s notional account is credited with an amount equal to a fixed share of
a worker’s earnings each year and the account balance increases annually at a pre-determined interest rate, the interest credit. The plan is financed by employer and employee
contributions and investment earnings. Employers again bear the risk of too-low assets.
Notional account balances can be rolled over into other retirement plans when a teacher
switches jobs.7 Table 1 summarizes the characteristics of each retirement benefit type.
Defined-benefit pensions make up a smaller share of total compensation earlier in
employees’ careers than later compared to defined-contribution or cash-balance pensions.
Figure 1 shows an illustrative example of the annual benefits earned under all three retirement plans. The x-axis shows the years of employment and the y-axis shows the annual
amount of retirement benefits relative to a teacher’s salary earned with each benefit.
Table 1

Types of retirement pension plans
Characteristics of typical pension plans, by plan type
Characteristic

Defined-benefit plan

Defined-contribution plan

Plan type

Traditional

Cash balance

403(b) plans

Participation

Automatic

Automatic

Voluntary

Contribution

Employer and employee

Employer and employee

Employee with occasional employer matches

Investments

Determined by plan

Determined by plan

Typically determined by employee

Withdrawals

Annuity

Annuity or lump sum

Lump sum

Rollovers before age 65

Not permitted

Permitted if lump sum option exists

Permitted

Benefit guarantee

Often constitutionally guaranteed

Often constitutionally guaranteed

None

Early retirement benefits

Common

Uncommon

Unavailable

Vesting

Typically 5-10 years

Typically shorter than in traditional pension plans

Typically immediate for employee contributions
and often phased for employer contributions

Notes: Cash balance plans typically do not exist in the public sector. The description thus relies on typical characteristics of private-sector cash balance plans. Also, defined-contribution plans are generally supplemental retirement
savings plans in the public sector and thus tend to be voluntary plans.
Source: Christian Weller, “What does the literature tell us about the possible effect of changing retirement benefits on public employee effectiveness?” Political Economy Research Institute at the University of Massachusetts Amherst
(forthcoming).
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With a defined-benefit plan, teachers earn an
increasing amount of retirement benefits, relative
to earnings, until they reach early retirement (after
35 years of service). A teacher, for instance, may
work for 35 years in a school until she reaches age
58, assuming she started when she was 23 years of
age, and she may earn 2 percent of her final salary
annually as a benefit. With a final salary of $90,000,
she would receive an annual defined-benefit
pension of $63,000, not adjusted for inflation,
(which would be equal to 35 times 2 percent times
$90,000), until she dies.8 Teachers still earn more
benefits after the early retirement incentive has
expired, but each year’s benefit earned is less after
the early retirement age than before.
In contrast, the benefits earned with cash-balance
or defined-contribution plans equal fixed earnings
shares, which are higher earlier in a career and
lower later in a career than with defined-benefit
pensions. (see Figure 1)

Figure 1

Different pensions, different payout over time
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Notes: All figures are in percent of payroll.
Source: Christian Weller, 2011, “What does the literature tell us about the possible effect of changing retirement benefits on
public employee effectiveness?” PERI Working Paper, (Amherst, MA: Political Economy Research Institute at the University of
Massachusetts Amherst, forthcoming).

Teacher quality is a critical contributor to student achievement. Teacher effectiveness
is typically defined in terms of student outcomes. The issue is then how well teachers
can influence student outcomes, measured in a variety of ways, typically by test scores,
grades, or graduation rates. The term teacher effectiveness is thus meant to indicate the
level to which teachers can influence students’ successes.
How effective teachers are in improving student outcomes will depend on a host of
input factors. The research literature shows that experience matters to some degree for
the effectiveness of teachers, as discussed further below. There are, however, two key
caveats to keep in mind about the link between experience and teacher effectiveness.
First, experience is not necessarily the same as longevity. It is reasonable to assume that
teachers will eventually reach their maximum effectiveness, as is the case in other professions as well, and that further improvements in teacher effectiveness after that point
are more modest than they were before. Experience and longevity are not the same.
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Second, teacher experience is only one factor that could determine teacher effectiveness.
Other factors may include compensation, credentials, such as certifications and formal
degrees, social networks, and professional support from peers and supervisors.
The bottom line: Teacher effectiveness and teacher longevity are two distinct concepts
and my simulations focus on teacher effectiveness.
The policy goals, then, are better recruitment and retention of people into the teaching
profession who could become effective teachers. Switching retirement benefits from
defined benefits to alternative benefits pursues this goal since initial compensation
would go up as deferred compensation would go down.
Deferring compensation with defined-benefit pensions provides an incentive for
employees to remain with a particular employer. This increases retention and lowers
employee turnover, at least until the early retirement age.9 What’s more, these types of
pensions offer early retirement incentives to incentivize leaving at a point when average
teacher effectiveness may start to decrease toward the end of a teacher’s career.
In contrast accruing retirement benefits early in a teaching career no longer defers compensation (as Figure 1 shows), which changes the incentives for employees.10 Employee
retention in particular may decrease and turnover could increase, perhaps substantially.
This could lower average teacher effectiveness because less experienced teachers would
replace more experienced ones at a higher rate than is currently the case, and there
would be, in addition, a learning curve for the new teachers. At the same time, initial pay
could increase if compensation is no longer deferred. This could result in schools attracting more people who may become more effective teachers in the future than is the case
with defined-pension pensions.
So how would teacher turnover, initial compensation, and experience relate to teacher
effectiveness? First of all, effectiveness is negatively correlated with turnover, meaning
the more new teachers you have to train the less effective the teacher workforce will be
during that high turnover. And alternative retirement benefits may increase turnover by
eliminating the incentive to stay on the job, thus lowering average effectiveness since
more experienced teachers are replaced with less experienced ones.
Average effectiveness also is positively correlated with initial pay if schools attract people
who become more effective teachers in the future. And effectiveness is negatively correlated with the shape of the learning curve. A steeper learning curve lowers the average
effectiveness since there is a greater difference between inexperienced and experienced
teachers than with a flatter learning curve. Finally, the impact of turnover on average
effectiveness is greater if the learning curve is steeper. Less experienced teachers will
take longer to reach maximum effectiveness and higher turnover means that there will
be more inexperienced teachers, lowering average effectiveness.
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The result of switching retirement benefits on average teacher effectiveness is consequently very hard to predict. The net effect on teacher effectiveness of a negative impact
of higher turnover and a steep learning curve and of a positive effect of greater initial
compensation all will depend on the actual size of each effect in determining average
teacher effectiveness.

Retirement benefit costs
Then there is the effect of retirement plan changes on teacher effectiveness that are
partially dependent on the additional costs associated with alternative benefits since less
money may be available for compensation compared to defined-benefit pensions.
There are several fees that are included in the simulations. First, the defined-contribution
plans may have higher fees than defined-benefit pensions. Fees are higher by 0.5 percent
to 1 percent of assets for defined-contribution plans than for defined-benefit pensions.11
Second, rates of return may be lower with alternative benefit plans compared to definedbenefit pensions. Cash balance plans may need to hold more cash to accommodate
withdrawals from teachers leaving more quickly, which lowers the average rate of return.
And defined-contribution plans are invested with a fixed retirement date in mind, which
means individuals reduce risk toward the end of their career, foregoing potential earnings and lowering their savings by 5 percent after a 40-year career.12
Third, the loss of protections from market, idiosyncratic, and longevity risk with a
defined-contribution plan compared to a defined-benefit pension lowers benefits by 41
percent after a 40-year career.13
The simulations, however, exclude transition costs in the initial model as well as the
costs associated with hiring and training new teachers. Transition costs are separately
discussed further below, but they have no effect on teacher effectiveness in the simulations. Transition and turnover costs lower the amount of money that is available for
teacher compensation. The simulations thus understate the costs and hence the risks of
lower average teacher effectiveness associated with switching retirement benefits.

Simulation results
Teacher effectiveness and teacher longevity are two distinct concepts and my simulations focus on teacher effectiveness. This informs my calculation of teacher effectiveness
in the simulations. I set the maximum teacher effectiveness under a defined-benefit plan
equal to 100 percent, which normalizes teacher effectiveness because every teacher’s
effectiveness is then expressed relative to the average maximum effectiveness under
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such a pension plan. A percentage greater than 100 percent indicates an increase in average effectiveness relative to the average maximum under a defined-benefit pension plan,
while a percentage of less than 100 percent says that the teachers are on average less
effective than the typical maximum effectiveness under such a pension.
The simulations do not take a position on how student outcomes, which determine
teacher effectiveness, are measured because they don’t have to. The design of retirement
benefits may affect teacher effectiveness, but not exactly according to the measures—by
test scores, graduation rates, student grades, or some other indicator. The simulations
should register similar measures of changing retirement benefits on teacher effectiveness, regardless of how student outcomes and teacher effectiveness are measured.
There are four steps to the simulation:
• Calculate a typical teacher’s defined-benefit pension plan’s annual cost, a cash-balance
plan’s pay credit, and a defined-contribution plan’s contribution rate so that the costs
under each plan are constant. This calculation shows the differences in initial compensation with alternative benefits, without accounting for potential transition costs.
• Use so-called Monte Carlo simulations—a way to create 1,000 hypothetical scenarios
based on the existing evidence for the key parameters—to calculate the probability of
improving teacher effectiveness after switching retirement benefits.
• Show the role of experience, effectiveness, and turnover separately in affecting the
chance of improving average teacher effectiveness.
• Calculate the transition costs from a defined-benefit pension to alternative
retirement benefits.
The annual cost of a typical teacher’s defined-benefit pension plan averages 10.25 percent of earnings. This translates into a cash balance plan’s pay credit of 10.78 percent of
earnings, and a defined-contribution plan’s contribution rate of 7.79 percent of payroll,
holding total annual cost constant relative to defined-benefit pensions and ignoring transition costs.14 The simulation model then can calculate the chance of improving teacher
effectiveness since the total amount of money available for compensation, which can be
moved to different points in teachers’ careers, is fixed at 10.25 percent of payroll.
It is important to note that the simulations favor cash-balance plans and defined-contribution plans over defined-benefit pensions because the results show a best-case scenario
or upper bound for improving teacher effectiveness. First, the simulations slightly overstate the positive link between initial compensation and teacher effectiveness. Second,
the simulations apply the estimates of salaries on teacher effectiveness to nonsalary
compensation, even though public employees such as teachers value a dollar in pension
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Table 2

Gauging teacher effectiveness based on pension compensation
Simulation results for teacher effectiveness changes, with alternative retirement benefits
Probability of improvement relative
to defined-benefit plan

Average change

Change at 25th
percentile

Change at 75th
percentile

Cash-balance plan, follows defined-benefit plan

41.2

-1.2

-4.8

2.5

Defined-contribution plan, follows defined-benefit plan

30.2

-4.3

-9.4

1.2

Low return to experience, fixed

100

2.3

1.8

2.9

High return to experience, fixed

0.0

-7.0

-7.7

-6.4

No change in turnover

87.4

2.5

1

4

No change in effectiveness

27.3

-3.2

-6.8

0.3

Low return to experience, fixed

100

2.9

2.2

3.5

High return to experience, fixed

0

-11.3

-12.3

-10.2

No change in turnover

83.1

2

0.5

3.4

No change in effectiveness

24.8

-5.1

-10

0.01

Cash-balance plan, follows defined-benefit plan

Defined- contribution plan follows defined-benefit plan

Notes: All figures are in percent. Changes are relative changes.
Source: Christian Weller, 2011, “What does the literature tell us about the possible effect of changing retirement benefits on public employee effectiveness?” PERI Working Paper, (Amherst, MA: Political Economy Research Institute at
the University of Massachusetts Amherst, forthcoming).

benefits less than a dollar in salary, suggesting that our simulations again overstate the
positive link between initial compensation and teacher effectiveness.15
Third, the simulations exclude transition costs associated with moving from definedbenefit pensions to alternative benefits, thus making more money available for compensation than would occur in reality. Fourth, the model excludes the administrative costs
of teacher turnover, which can be substantive, again making more money for compensation available.16 And the model ignores any additional incentives that employers
(schools) will have to pay to attract new teachers in an environment of higher turnover.
Cash-balance and defined-contribution plans lead to higher effectiveness if the average
effectiveness after the switch exceeds 95.4 percent of the maximum teacher effectiveness
under a defined-benefit pension. The threshold is less than 100 percent under a definedbenefit pension since there are teachers working at maximum effectiveness (equal to
100 percent) and less experienced teachers due to the existence of a learning curve. This
threshold of 95.4 percent of maximum teacher effectiveness under a defined-benefit
plan results if the averages for experience, effectiveness, and turnover are inserted into
the simulation model discussed in the technical appendix.
The simulations show that there is substantial risk of decreasing average effectiveness
due to changes in pension benefits. A change to cash-balance plans may result in higher
teacher effectiveness in only 41.2 percent of the cases, and there is only a 30.2 percent
chance that a switch to a defined-contribution plan will raise effectiveness. Average
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effectiveness decreases by 1.2 percent with a cash-balance plan, and by 4.3 percent with
a defined-contribution plan. There is also a 25 percent chance that average effectiveness drops by 4.8 percent with a cash balance plan and by 9.4 percent with a switch to a
defined-contribution plan. (see Table 2)
The inputs are turnover, the shape of the learning curve, and the response of teacher effectiveness to initial pay. How does the risk of lower teacher effectiveness change if we hold
each input constant and take it out of the model? The answers will give us a sense of which
factor, if any, is dominant and if policy could intervene to increase the chance of success.
Holding experience constant means to either use a flat (low-return) or a steep (highreturn) learning curve. A steeper-than-average learning curve reduces the average
teacher effectiveness by 7 percent under a cash-balance plan and by 11.3 percent under
a defined-contribution plan relative to a defined-benefit pension. The chance of improving teacher effectiveness increases with a comparatively flat learning curve, in comparison, and the average improvement increases to about 2 percent. The downside risk of a
steeper learning curve exists because a state will have to hire more inexperienced teachers and the experience gap is larger than it would be with a flatter learning curve, thus
reducing the average teacher effectiveness.
Next, holding turnover constant substantially reduces the risk of decreasing teacher
effectiveness. The chance of higher effectiveness increases to 87.4 percent for cash
balance. with an average improvement of 2.5 percent, and to 83.1 percent for definedcontribution plans with an average improvement of 2 percent.
Holding average teacher effectiveness constant increases the risk of lower effectiveness.
The chance of improving teacher effectiveness drops below 30 percent for cash-balance
plans and below 25 percent for defined-contribution plans. Effectiveness drops on average by 5.1 percent and 3.2 percent, respectively.
All three input factors—turnover, learning curve, and initial pay—play a role in determining teacher effectiveness after switching retirement benefits. Policymakers could
focus on lowering turnover, flattening the learning curve, and increasing initial pay to
increase the chance of success with changing retirement benefits.
How much money are we really talking here when discussing transition costs?
Transition costs exist because promised benefits under the existing plan will have to
be paid for until all existing beneficiaries are gone, while the start-up of a new plan
will require higher up-front contributions due to the end of deferred compensation.
Transition costs initially increase as the concentration of more experienced teachers in
the defined-benefit pension and of less experienced teachers in the cash-balance plan or
defined-contribution plan grows and start to decline in the third decade after the benefit
switch. They exceed on average 1 percent of payroll in the third transition decade.
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States and localities could spend this money to reduce the underfunding of public
employees’ defined-benefit pensions.17 One of the reasons, of course, that local and
state governments are looking at public employees’ defined-contribution pension plans
as a place to save money is because these governments have largely failed to contribute
enough funds over the years to ensure these pensions are fully funded. But if state and
local governments shift their teacher employees to cash-balance or defined-contribution
plans then the transition costs for the next 30 years could cover between 40 percent and
80 percent of the costs of the estimated underfunding, which is estimated at about 2
percent of payroll per year.18

Policy implications and conclusion
The fiscal crisis in the states and localities that occurred during the Great Recession
and continues in many parts of the country because of the persistent housing crisis put
substantial pressure on governments to consider the efficiency of their spending. Public
pensions gained substantial attention due to the need for governments to contribute
additional amounts to underfunded defined-benefit pension plans when budgets were
already constrained. Some observers have argued that states should take the crisis as a
chance to switch retirement benefits from defined-benefit pensions to either definedcontribution or cash-balance plans.
There is a substantial risk of lower teacher effectiveness following a pension benefit
switch. There is only a 30.2 percent to 41.2 percent chance that average teacher effectiveness will increase after switching retirement benefits. This risk exists because
alternative benefits result in higher turnover, which means that states will have to hire
less experienced teachers to replace the more experienced teachers who are leaving. The
increase in initial compensation that follows a change in retirement benefits is insufficient to overcome this adverse effect.
There are few additional policy steps that policymakers could take to improve the chances
of success, measured as higher teacher effectiveness, following changes in retirement plans.
There is some evidence that public employers would have only limited success in reducing turnover, flattening the learning curve, or raising initial pay to raise the chance of
success of greater teacher effectiveness. First, there are few opportunities for public-sector employers to lower turnover. Private-sector employers, who do not offer a definedbenefit pension often rely on stock options or other incentive pay to lower turnover for a
desired amount of time. Public-sector employers do not have this opportunity.
Second, flattening the learning curve means increasing the support for skill development
for new hires. The evidence from the information technology industry, for instance,
suggests that private employers are reluctant to provide key training to their employees
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if they feel that the employees will not be around long enough to make full use of the
costly new training.19 So higher turnover following a switch in retirement benefits would
decrease public employer’s incentives to provide employee training and thus makes it
harder to flatten the learning curve.
And finally, public-sector employers could increase initial compensation in a more
efficient way than to redesign their retirement benefits. Public employers could design
alternative retirement benefits to maximize the increase in initial pay, such as having
employees earn retirement benefits immediately. The drawback to this approach is that
there are even fewer incentives for employees to remain with their employer, which
means turnover could further increase. A reasonable simulation suggests that immediate
vesting coupled with higher turnover raises the chance of improving teacher compensation to 51.7 percent.20 This is just another way of saying that average teacher effectiveness will likely remain unchanged after switching benefits, but this result ignores the
administrative costs of turnover and transition costs. A more efficient alternative to
immediate vesting with changed benefits would be to dedicate the money for these
additional costs to higher initial salaries for teachers without benefit changes.
Indeed, taking this last alternative into account, remember that the results of these
simulations are a lower-bound quantification of the risks involved in switching retirement benefits as defined by average teacher effectiveness since the simulations favor
alternative benefits over defined-benefit pensions. There would have to be substantial
additional benefits from alternative benefits to overcome the substantial risk increases.
What’s more, the limited potential for success in improving teacher effectiveness
by switching from defined-benefit pension to alternative benefits goes along with
possibly substantial costs. Transition costs, for instance, can last about four decades,
and that a switch to a cash-balance plan requires transition costs of an average of 0.7
percent of payroll, and a switch to defined-contribution plans 0.3 percent of payroll
over the next 40 years.
The results—based on a substantial economic and actuarial research related to
pensions, teacher compensation, and teacher effectiveness—suggest that states
and localities face substantial risks with respect to public-sector productivity when
switching from defined-benefit pensions to alternative retirement benefits.

Christian E. Weller is a Senior Fellow at Center for American Progress and an
Associate Professor, Department of Public Policy and Public Affairs, at the
University of Massachusetts Boston
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Technical appendix
The key variable of interest is teacher effectiveness. There is no consensus measure for
teacher effectiveness. The simulations thus make a simplifying assumption that the design
of retirement benefits may affect teacher effectiveness, but not how teacher effectiveness
is measured. We should see similar impacts of changing retirement benefits on teacher
effectiveness, regardless of how effectiveness is calculated. This means that the simulations
do not have to specify the exact measure of teacher effectiveness but rather design a way of
capturing changes in teacher effectiveness under different retirement benefits.
The simulations do this by setting the maximum teacher effectiveness under a definedbenefit plan equal to 100 percent. Less experienced teachers under a defined-benefit
pension or alternative retirement benefit are then characterized by a number less
than 100 percent, with the reduction in effectiveness determined by how steepness of
the learning curve for inexperienced teachers. And more experienced teachers under
alternative retirement benefits are indicated by a number greater than 100 percent since
the average teacher effectiveness at any year in a career is then expressed as share of the
maximum effectiveness under a defined-benefit plan.
There are two more simplifications. First, individual characteristics are assumed to be
randomly distributed in each teacher cohort and thus eliminated for the calculation
of average teacher effectiveness, given the associations between teacher attributes and
effectiveness.21 This allows us to ignore teachers’ individual characteristics as determinants of average effectiveness. Second, the unit of analysis is one state. The work environment—a critical determinant of turnover—is independent of retirement benefits
and thus has no bearing on our simulations. Teachers’ decisions to leave are frequently
due to work-life quality issues, such as sense of support by school leadership, role in
decision-making, and school safety or classroom management issues.22 The simulation
is akin to a regression analysis, where the effect of benefits on key variables—experience,
compensation, and turnover—that impact teacher effectiveness are measured, while
holding other factors constant.
Teacher turnover follows the pattern described by Douglas N. Harris and Scott J. Adams
in their 2007 article “Understanding the Level and Causes of Teacher Turnover: A
Comparison with Other Professions,” published in the Economics of Education Review
for a defined-benefit pension.23 Teacher turnover is relatively high when teachers are in
their 20s, and reaches its lowest point when they are in their early 40s, before rising again.
Lower average turnover to start with would imply higher average teacher effectiveness
with defined-benefit pension plans, as discussed further below. We also assume that net
in-migration—the difference between new teachers being hired on and existing teachers
becoming disabled or dying—equals 2.55 percent of total cohort employment between
age 30 and age 60. The resulting average age of teachers in this plan is 41.7 years, or close
to the average age of 41.8 years found by Harris and Adams in their 2007 study.24
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Turnover increases with alternative benefits. A higher turnover means a greater share
of younger teachers who earn less than older teachers and who are not fully vested
and thus receive fewer benefits. The lack of pensions increases turnover on average by
22 percent at the low end and by 28 percent at the low end in the switch to a definedcontribution plan.25 Higher turnover rates will reduce average teacher effectiveness.
The model assumes a typical teacher has a defined-benefit pension. Vesting happens after
five years. The defined-benefit pension has a multiplication factor of 2 percent, meaning
a teacher receives 2 percent of her final pay for each year of service, benefits increase with
inflation equal to 2.5 percent annually, and teachers can receive full benefits after working for 35 years. Finally, there is a starting salary of $45,000 in 2011 and a salary schedule
following the steps of the New York City school system.26 The salary steps increase with
inflation. Alternative salary schedules have no material effect on the simulations as the
results depend on initial salary changes, not on the subsequent salary progression.
For cash-balance plans, the assumption is that the interest credit is equal to the
discount rate and that the discount rate reflects the actual long-term rate of return on
pension plan assets for a defined-benefit plan. The plan is also assumed to set aside an
additional five percent of its assets in cash to accommodate in-service lump sum withdrawals, thus lowering the interest credit by 0.35 percent (a share of 0.05 to correct for
the additional cash holdings times 7 percent, the assumed interest rate for the entire
portfolio of a cash balance plan) annually. And, the pay credit is linearly phased in over
five years, such that teachers receive 20 percent of the pay credit in their first year, 40
percent in the second year, and so on.
Defined-contribution plans are associated with substantially higher costs than a
defined-benefit pension due to lower rates of return following the loss of intergenerational smoothing, and lower insurance protections. We specifically assume that there
is a cost difference between defined-contribution plans and defined-benefit plans and
cash-balance plans equal to 46 percent of the accumulated savings after 40 years, equal
to 50 percent of the contribution rate.27
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