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Abstract
This paper presents new benefit–cost estimates for the Tulsa universal pre-K program. These
calculations are based on estimated effects, from two recent papers, of Tulsa pre-K on high-school
graduation rates and college attendance rates of students who were in kindergarten in the fall of 2006.
In the current paper, educational effects from these prior papers are used to infer lifetime earnings
effects. Our conservative estimates suggest that per pre-K participant, the present value of earnings
effects in 2021 dollars is $25,533, compared with program costs of $9,628, for a benefit–cost ratio of
2.65. Compared to prior benefit–cost studies of Tulsa pre-K, this benefit–cost ratio is below what was
predicted from Tulsa pre-K’s effects on kindergarten test scores, but above what was predicted from
Tulsa pre-K’s effects on grade retention by ninth grade. This fading and recovery of predicted pre-K
effects as children go through K-12 and then enter adulthood is consistent with prior research. It
suggests that pre-K may have important effects on “soft skills,” such as persisting in school, and
reminds us that short-term studies of pre-K provide useful information for public policy.

Introduction

In this paper, we present a benefit–cost analysis of Tulsa’s pre-K program. Ourmethodology
starts with previously estimated effects of Tulsa pre-K on high-school graduation and
college attendance (Amadon et al., 2022a; Gormley et al., 2023). Based on these estimates,
this study project affects on future earnings. These projected earnings effects are the benefits
that are compared with program costs.

In addition to the estimated Tulsa pre-K effects on high-school graduation and college
attendance, these projected earnings effects also use a variety of other information.Wemake
a range of plausible assumptions about how effects on college attendance translate into
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effects on educational attainment. We estimate how earnings in Tulsa currently differ by age
and educational attainment.We project how earnings will change in the future due to secular
economic growth. We adjust for the mortality rates of former pre-K participants at
different ages.

Based on these projections, we estimate that the present value of Tulsa pre-K’s future
earnings benefits, for the average participant, is $25,533 in 2021 national dollars, discounted
back to when the participant was age four, compared to the program’s average cost per
participant of $9,628 (again in 2021 national dollars, evaluated at age four), which means a
benefit–cost ratio of 2.65.We regard this estimate as conservative, for two reasons. First, this
estimate omits other potential benefits of pre-K, such as effects on reducing crime, or effects
on future generations. Second, as we will explain below, we believe that our estimates may
understate the effects of Tulsa pre-K on educational attainment and that the actual effects on
earnings may exceed those projected from educational attainment effects.

This paper’s findings are of interest for at least three reasons. First, this evaluation is more
relevant to proposed large-scale expansions of pre-K than is true of evaluations of small-
scale experimental programs. Tulsa’s program is a large-scale program run through the
public schools, with students of all income levels eligible for pre-K, and is funded at
adequate but not extraordinary levels per student. Prior studies strongly suggest that Tulsa’s
pre-K program is of high quality (Phillips et al., 2009). For state and local policymakers, the
benefits versus the costs of Tulsa’s pre-K program suggest the potential for large-scale public
expansion of universal pre-K if done in a high-quality but affordable manner.

Second, long-term evaluations of pre-K, while they exist, are sparse, particularly for
large-scale pre-K programs, and particularly for large-scale programs with noteworthy
percentages of non-low-income children, so this study significantly adds to the research
literature.

Third, this new long-term evaluation of Tulsa pre-K provides a useful comparison with
prior evaluations of Tulsa pre-K based on short-term data. Benefit–cost analyses of pre-K
face the challenge that many of the benefits of pre-K, such as higher earnings of former
participants as adults, are long-term, yet policymakers need to know “what works” based on
short term data. Tulsa’s pre-K program has been subject to two prior benefit–cost evalua-
tions, which focused on projecting future benefits of Tulsa pre-K based on short-term
outcomes (kindergarten) and medium-term outcomes (middle school). A comparison of
these two prior benefit–cost evaluations with this paper’s longer-term analysis, extending
into early adulthood, allows us to see whether evaluations based on short-term information
can approximate evaluations based on longer-term evidence. Can policymakers usually
gauge pre-K’s benefits based only on effects at kindergarten? The answer here is “Yes,”
which is useful to policymakers.

Our findings from these three studies of Tulsa pre-K—based on effects at kindergarten
entrance, at middle school, and in early adulthood—suggest that Tulsa’s effects on student
outcomes seem to “fade,” in terms of what they imply for future earnings, from kindergarten
tomiddle school, yet re-emerge later on. Aswewill describe, this fading and re-emergence is
also found in other pre-K studies. This pattern may be due to the importance of pre-K in
helping to begin the cumulative development of some types of skills—“soft skills” such as
social skills for dealing with people or having self-confidence, or the ability to persist and
problem-solve—that are not always fully reflected in students’ test scores or other outcomes
in third grade or ninth grade, but that may affect whether students graduate from high school,
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go on to college, and succeed in the economy. As we will explain further later, this is
consistent with other evidence on Tulsa pre-K.

For policymakers, this pattern of fading and re-emergence implies that they should not be
too discouraged if pre-K’s effects on traditional academic outcomes sometimes seem to
weaken as children get into later grades. Indeed, an estimate of effects at kindergarten
entrance arguably gives at least as good a prediction of long-term benefits, based on both this
new paper and prior research.

Prior pre-K studies

To begin with, we review the prior pre-K literature’s findings. This sets the stage for the next
section, which explains our new Tulsa study’s methodology, and how the Tulsa results
enrich the research literature.

Many past studies have looked at the effects of pre-K in the short run (at or before
kindergarten entrance), medium run (before high-school graduation), and long run (high-
school graduation or beyond). Table 1 summarizes some of the prior studies and their settings.

Short-run or medium-run effects are examined in studies of the Perry Preschool Project
(Schweinhart et al., 2005), the Abecedarian Project (Campbell et al., 2001), Head Start
(Puma et al., 2012), the Chicago Child–Parent Centers program (Reynolds, 2000), the
Tennessee Voluntary Pre-K program (Durkin et al., 2022), the Universal Pre-K Boston
program (Weiland and Yoshikawa, 2013;Weiland et al., 2019), and multiple state programs
in Wong et al. (2008), Cascio (2021), and Bartik and Hershbein (2018).

Long-run estimates of pre-K effects are rarer but do exist. Long-run studies have been
done of Head Start (Garces et al., 2002; Ludwig and Miller, 2007; Deming, 2009; Carneiro
and Ginja, 2014; Bailey et al., 2021), Perry Preschool Project (Heckman et al., 2010), the
Abecedarian Project (Campbell et al., 2012), the Chicago Child–Parent Centers program
(Reynolds et al., 2011), and Universal Pre-K Boston (Gray-Lobe et al., 2023).

These programs differ widely in design. Perry and Abecedarian were small, experimental
programs with very high costs per student, and were also tightly targeted to disadvantaged
students. Head Start is a large-scale program that is more moderate in cost per student and
tightly targeted to low-income students. The programs in Chicago, Tennessee, and Boston
are all large-scale programs, also of more moderate costs than Perry and Abecedarian.
Chicago and Tennessee tightly target disadvantaged children, but Boston’s program is more
universal in scope.1 Boston’s program is more expensive per child than is typical, while
Tennessee’s program is cheaper. Chicago’s program is of more moderate total cost, but is
relatively expensive for a program that is half-day, with about half of students participating
for 2 years.2 These greater expenses per child-hour in Chicago andBostonmay in part be due

1 Tennessee was explicitly targeted at disadvantaged students; Chicago was targeted at high-poverty schools. In
contrast, Boston’s program was universal. Although more than two-thirds of pre-K participants were eligible for a
free or reduced-price lunch, the program also included a significant number of students who were ineligible for a
subsidized lunch (Gray-Lobe et al., 2023)

2 Based on Karoly et al. (2021), Boston’s full-day pre-K program has costs in 2021 national dollars of $14,193,
whereas Chicago’s costs per child for a half-day pre-K program were $7,029. (This uses the CPI to convert to 2021
dollars.) Given that 55 percent of CPC’s children participated for two years, the per child costs are $10,895.
Tennessee’s pre-K program has costs for a full-day program in 2021 national dollars of $10,041 (based on Karoly
national price figures, updated to 2021 using CPI-U).
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Table 1. Summary of prior pre-K studies.

Program Size When
Targeted/
universal

Cost per
child

Short-run
effects? Medium-run effects?

Long-run
effects?

Perry Small 1960s Targeted $23,000 Yes No Yes
Abecedarian Small 1970s Targeted $108,000 Yes Yes Yes
Head Start Large 1960s–present Targeted $12,000 Yes No Yes
CPC Small 1980s Targeted $11,000 Yes Yes Yes
Tennessee Large Current Targeted $10,000 Yes No ?
Boston Large Current Universal $14,000 Yes No Yes
Many states (Wong et al. 2008) Large Current Varies Varies Yes ? ?
Many states (Cascio) Large Current Varies Varies Varies: universal

> targeted
? ?

Many states (Bartik/Hershbein) Large Current Varies Varies ? Varies: states
w/high-quality
reputation do
better

?

Note: Costs are in 2021 national dollars. See text and Appendix A for more information on sources.
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to other services provided such as wraparound services for parents and extra support for
staff; for example, the Boston program provides staff mentoring. The state programs
examined in various studies were all large-scale programs, but they varied widely in how
targeted they were to low-income children.

The long-term studies generally find that pre-K has sizable long-term effects, with high
benefit–cost ratios. But, as mentioned, except for Boston, all these programswere targeted to
disadvantaged students. Also, many of them focused on cohorts from the 1960s, 1970s, or
1980s, when counterfactual opportunities for preschool education were lacking. Of the prior
studies reviewed in Table 1, Boston is the only program with long-run results for a large-
scale, more “universal” contemporary program, which might be more typical of the kinds of
programs that are often proposed as the most politically viable for state-funded and locally-
funded preschool programs.

Most of the short-run and medium-run studies also find positive effects of pre-K, but not
always. Exceptions include studies of the Tennessee program (Durkin et al., 2022) and some
of the state programs in Cascio (2021) and in Bartik and Hershbein (2018). This pattern
raises some doubts about whether more “typical” publicly funded pre-K programs will
always have benefits.

The causes of the pattern of results across studies are not completely understood.
Researchers tend to say that pre-K “quality” matters, which seems like a plausible propo-
sition, but how to measure quality is uncertain. For example, Tennessee’s pre-K program
was rated as high quality by NIEER on 9 out of 10 quality measures (Durkin et al., 2022), yet
direct measures of program quality by classroom observations suggest the quality of this
program was not so high, which is consistent with this program not having medium-run
benefits (Farran et al., 2014). As already mentioned, Tennessee’s program also spends less
per student than some other programs studied, whichmight help explain its lesser results, but
on the other hand, to our knowledge, there is no strong research evidence that preschool
spending is positively correlated with effectiveness. Bartik and Hershbein (2018) find that
state programs that are reputed to be of high quality from outside observational studies tend
to have higher medium-run effects than programs that do not have that reputation. All the
programs with long-term effects are thought to be of high quality.

Cascio (2021) finds that short-run pre-K effects are higher for universal than for income-
targeted programs, including for low-income students. Universal programsmay benefit from
peer effects due to income integration, or from universal programs having greater political
support for creating and sustaining higher quality. Johnson and Jackson (2019) find that
Head Start’s long-term effects are greater if subsequent K-12 spending is higher, and vice
versa—higher K-12 spending has greater effects when Head Start is more available. In other
words, investments in pre-K and K-12 are complementary.

For the pre-K programs that have been studied at all three time horizons—short run,
medium run, and long run—one curious finding is that short-run results often fade in the
medium term, but then re-emerge in the long run. In other words, pre-K’s effects for the same
program often follow a U-shaped or V-shaped pattern. “Fading and recovery” can only be
defined if one measures pre-K effects in the same “units”—say, as predicted program
benefits in dollar terms. For example, Bartik (2014) presents a figure that used results from
Perry, Abecedarian, Head Start, andChicago to predict adult earnings effects in the short run,
medium run, and long run (Figure 1). Similar results are found for Boston pre-K, at least in
terms of statistical significance: effects were significant at kindergarten entrance,
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insignificant by third grade, but significant on college attendance, albeit for a different cohort
(Weiland and Yoshikawa, 2013; Weiland et al., 2019; Gray-Lobe et al., 2023).

The usual explanation of the results is the importance of some type of “skill” that is not
necessarily measured by school test scores or by other outcomes during the K-12 school
year, combined with the hypothesis that this hard-to-observe “skill” shows some sign of
leading to cumulative learning effects. For example, this U-shaped pattern could occur if pre-
K helps develop “soft skills” such as the ability to get along with teachers and peers, or such
as self-confidence—and if greater soft skills at kindergarten entrance lead to further soft-skill
accumulation by the end of kindergarten, and so on into subsequent grades. In Nobel Prize-
winning economist James Heckman’s famous phrase, this pattern can be explained if “skills
beget skills”—and if the skills that beget themselves themost are hard-to-observe skills, such
as soft skills.

In addition to this U-shaped pattern, one other finding that is consistent with pre-K
increasing the acquisition of soft skills is that directly measured effects of pre-K on adult
employment and earnings sometimes exceed those predicted by educational attainment
effects. For example, this is true of Perry Preschool: Perry’s effects on the employment-to-
population ratio of former participants at age 40 was 14 percentage points, which is far
greater than the 2 percentage point effect predicted due to Perry’s effects on educational
attainment (Bartik, 2011, p. 94).

Figure 1. Test scores generally underpredict the actual long-run earnings effects of high-
quality pre-K programs.
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In addition to shedding light on how and why pre-K affects economic and social
outcomes, this U-shaped pattern is also important for practical policy purposes. Policy-
makers want to know the benefits or costs of pre-K. Yet its true benefits are long run, in how
it affects a person’s life course. This creates a problem for evaluating a local area’s pre-K
program. Policy analysis that looks directly at 40- or 50-year effects for place X’s pre-K
program is hardly practical. But if early effects at kindergarten entrance tend to reasonably
capture long-run effects, or at least could be a lower bound, then short-run studies of pre-K
effects may be able to provide reasonable policy guidance.

Tulsa pre-K: Why it is of interest, prior studies, and the current study

Background on Tulsa pre-K, and why Tulsa pre-K is of interest

Tulsa Pre-K is a part of the public school system, as are other preschool programs in
Oklahoma. In 1998, the state of Oklahoma extended aid to school districts to include
4-year-olds attending preschool in local school districts, and over time, as school districts
decided to add preschool to their offerings, this has led to most children in Oklahoma being
able to access free preschool. In addition to promoting universal access, preschool’s
integration into the public school system has helped promote quality in various ways—
for example, by encouraging preschool teachers to receive similar salaries as other K-12
teachers, and by encouraging an integration of the preschool curriculum with the K-12
curriculum.

Whymight the Tulsa pre-K program be of particular interest? First, the program is a large-
scale program of reasonably moderate costs, run by a public school district. The program’s
estimated costs for a full-day pre-K program are $11,443, which is considerably less, for
example, than programs such as Perry or Abecedarian, or even Boston’s program. Since
some Tulsa pre-K participants participate only for a half-day, the average costs per child in
pre-K are $9,628.3 Because Tulsa’s pre-K program is a large-scale moderately priced
program run by an ordinary school district, the effects of this program might be more
relevant to other school districts as a model for what they might do, than is true for extremely
expensive and small-scale experimental programs such as Perry andAbecedarian. The lower
costs than in Boston make Tulsa’s program easier for other school districts to replicate.

Second, the Tulsa program seems to have features that promote high-quality, and which
can potentially be replicated. Tulsa’s program is universal,4 which, as noted above, has been
shown by Cascio (2021) to be associated with higher benefits. In addition, Tulsa’s program
has direct evidence from systematic classroom observations that the program is high-quality
(Phillips et al., 2009). Therefore, Tulsa’s program helps show the potential for local pre-K
programs that are universal with high-quality features.

Third, Tulsa’s program now has data on long-term effects, which will be used in the
current benefit–cost study. Furthermore, these long-term effects are for a program in a more
contemporary setting than programs such as Perry and Abecedarian or CPC. In today’s
society, for example, compared to the 1960s, there are many more private preschool options

3 Tulsa costs are based on data collected from Tulsa for Bartik et al. (2017). Figures are adjusted for local price
differentials using data from the U.S. Bureau of Economic Analysis, and are updated to 2021 prices using the CPI-U.

4 Tulsa’s program is universal, but most Tulsa students are eligible for a free- and reduced-price lunch. However,
22 percent of pre–K participants in Tulsa were ineligible for a subsidized lunch.
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and more childcare subsidies, which might diminish the effects of public pre-K. With the
exception of recent studies of Boston, the long-term Tulsa estimates used here are the only
estimates for the long-term effects of a pre-K program in a contemporary setting.

Fourth, as will be explained below, with the current study added, Tulsa’s pre-K program
will have benefit–cost analyses based on estimated pre-K effects in the short-term, medium-
term, and long-term. This allows us to see whether the fading and recovery of pre-K effects,
found in prior studies, is also found in the Tulsa pre-K program. As explained above, this
fading and recovery is consistent with the importance of hard-to-measure “soft skills.” This
fading and recovery is also relevant to determining how feasible it is to evaluate pre-K
programs based on short-term effects.

Prior Tulsa pre-K benefit–cost studies

Tulsa’s pre-K Program has been subject to two benefit–cost analyses, and the current paper
adds a third study. Each of these benefit–cost analyses is based on children entering Tulsa
public kindergarten in the fall of 2006. The first of these benefit–cost analyses is based on
effects on kindergarten test scores (Bartik et al., 2012), the second is based on effects on
grade retention as of middle school (Bartik et al., 2017), and the current study looks at high-
school graduation and college attendance.

For the benefit–cost analysis based on kindergarten test scores, the underlying estimates
of test-score effects were based on a regression discontinuity study which relied on how age
affects eligibility for public-school attendance. In essence, the study is comparing test scores
for two groups: students who just made the age cutoff for attending preschool the prior year
and hence had completed a year of preschool at the time they were administered the test;
students who just missed the age cutoff for attending preschool the prior year and hence were
just starting preschool at the time they were administered the test.

For the latter two benefit–cost analyses, the underlying estimates of effects on middle-
school grade retention, or on high-school graduation or college attendance, are based on
comparing Tulsa preschool attendees entering kindergartenwith other entering-kindergarten
Tulsa students who did not attend Tulsa preschool or Head Start. This comparison groupwas
reweighted using propensity-score weighting, so that on observable variables it resembles
the treatment group.

For all three of these benefit–cost studies, we take the estimates of pre-K effects as simply
being true, and we seek to calculate the resulting further effects on adult earnings.5 These
earnings effects are calculated using cross-sectional data by age from the American Com-
munity Survey (ACS) for the Tulsa metropolitan area.

Methodology of current benefit–cost study

To inform the present study,we use effects on college attendance fromGormley et al. (2023).
Effects on high-school graduation rates are from Amadon et al. (2022a). The college
attendance results are based on college enrollment data from 2019–2020 and 2020–2021
from the National Student Clearinghouse that are matched to Tulsa kindergarten attendees in

5 The benefit–cost analysis based on middle-school grade retention also added in estimated benefits of crime
reduction.We do not include that portion of the results in the current paper but instead focus on the common benefit
element of these three studies, the effects on the adult earnings of former Tulsa pre–K participants.
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the fall of 2006. For the purposes of these calculations, we assume that college enrollment
implies attendance. The high-school graduation-rate estimates are based on data from the
state of Oklahoma on whether students who remained in Oklahoma graduated from high
school by 2021; the estimated effects here exclude students who moved out of state.

The college attendance results suggest that Tulsa pre-K increased college attendance rates
by 10.1 percentage points, from 33.8 percent to 43.9 percent. The high-school graduation
results suggest that Tulsa pre-K increased high-school graduation rates by 2.7 percentage
points, from 85.8 percent to 88.4 percent. The college attendance results rely on an estimate
that is statistically significantly different from zero, with a probability of occurring by
chance, if the true effect was zero, of less than one-tenth of 1 percent. The high-school
graduation result relies on an estimate that is only marginally statistically significant, with a
probability of occurring by chance, if the true effect was zero, of around 9 percent.6 See the
two cited studies for more details on these estimates.

For both of these calculations, the underlying estimation technique was nonlinear, so to
calculate “average” percentage-point effects, we simulated the effect of “treatment on the
treated.” For each child who actually attended Tulsa pre-K in 2005–2006 before entering
kindergarten, we compared that child’s actual high-school graduation or college attendance
with the probability that would be predicted from the empirical estimates if the child had not
attended Tulsa pre-K. Furthermore, because the estimation included multiple imputations of
missing values, this was done separately for each imputed data set, then summed over all
databases. We then calculated the average effect over all these “treated” children.7

Tomeasure the effects on future earnings, we start with 2015–2019 data from theAmerican
Community Survey for residents of the Tulsa metropolitan area. We calculate earnings by
single year of age and educational attainment (high-school dropout; high-school graduate, no
college attendance; associate degree; bachelor or higher degree) from the Public Use Micro-
data Sample (PUMS), using probabilistic matching to assign each Public UseMicrodata Area
to the Tulsa metropolitan area, and also using sample weights that reflect nonresponse.

In the PUMS data from the ACS, the earnings information is in 2019 dollars and
implicitly has a real value that depends on Tulsa’s prices. We adjust these data to national
prices using the most recent Bureau of Analysis information on Tulsa’s prices relative to
those of the United States for 2020. This value is 92.903, to reflect Tulsa’s lower prices, so
essentially, we blow up the earnings numbers by about 7.6 percent (100 divided by 92.903 is
about 1.076).We also adjust the figures from 2019 to 2021 prices based on the national CPI,
which increased by about 6 percent over this 2-year period.

We then adjust for assumed secular increases in real earnings over these individuals’
subsequent careers. We assume the ACS data represent earnings that are a reasonable
representation of earnings by age and education for the midyear of the sample—that is,
2017. In that year, persons who had entered kindergarten in the fall of 2006 would have been

6 There is of course some uncertainty in these estimates, particularly in the high school graduation estimates.
AppendixB considers how the benefit–cost projections are affected if we assume that college attendance rate effects
and high school graduation effects differ from the average point estimates.

7 Thus, the 10.1 percentage point average effect of Tulsa pre–K on college attendance differs from the 12.1
percentage point average effect in Gormley et al. (2023) because the two average calculations are answering
different questions. The former calculates an effect on each individual treated, and then sums over all these treated
individuals. The latter calculates an effect on a single individual whose characteristics are at the samplemeans. Both
calculations are based on the same underlying estimates, but they differ because the underlying estimator of college
attendance effects is non-linear in the sense that it varies across individuals with different characteristics.

344 Timothy J. Bartik et al.

https://doi.org/10.1017/bca.2023.20 Published online by Cambridge University Press

https://doi.org/10.1017/bca.2023.20


around 16.We started our earnings analysis at age 18, andwe go to age 79. These individuals
therefore would be 18 in 2019, 19 in 2020, and so on up through age 79 as of 2080. To
determine plausible earnings levels in those years, we assumed that earnings follow a secular
growth pattern of 1.15 percent real earnings growth per year for all years during this time
period, where 1.15 percent represents the long-term real earnings growth assumptions for the
U.S. economy of the Trustees of the Social Security System (2022). Thus, the real earnings
for a given year are blown up by 1.0115 taken to the appropriate power to determine
projected real earnings.

We also adjusted for mortality from age four on. To do so, the Oklahoma Life Table for
2019 is used to calculate the expected number of residents who would be alive at any given
age, compared to the number who were alive at age four (National Center for Health
Statistics, 2019). Thus, the expected real earnings for a given age were adjusted downward
by multiplying by the proportion of Oklahoma residents who would be expected to be alive,
out of all those alive at age four. As one would expect, this adjustment is minor up through
age 30 or 40 but then becomes more pronounced at older ages.

After these adjustments, the calculations are in two parts. First, we calculate the extra
earnings expected due to the estimated effect on high-school graduation by looking at the
high-school graduate only versus high-school dropout earnings differential, multiplied by
the estimated pre-K effect on high-school graduation. Second, we also calculate the extra
earnings expected due to the estimated pre-K effect on college attendance by looking at the
difference in earnings between college attendees and high-school graduates only, under
various assumptions about the effects of college attendance on earnings. One can show that
the overall effect of the pre-K program on earnings is the sum of these two effects, due to
effects on high-school graduation and college attendance.8

The effects of college attendance on earnings, versus high school only, are calculated
under three assumptions. The first assumption is extremely conservative: we assume that
Tulsa’s pre-K’s effects on college attendance only increased the percentage of students with
some college, but had no effect on the percentage of students with an associate degree or
bachelor’s degree. The second assumption is optimistic: we assume that Tulsa’s pre-K
effects on college attendance also increased the percentage of students who ended up
receiving an associate degree or bachelor’s degree, with this percentage equal to the
observed ratios among Tulsa residents ages 25–29 in the American Community Survey
data. These observed proportions are as follows: among persons aged 25–29 in Tulsa who
attended at least some college, 42.4 percent had no degree as of ages 25–29, 13.9 percent had
an associate degree but no higher degree, and 43.7 percent had a bachelor’s degree or higher.
The third assumption is conservative, but not so conservative as the first assumption. We
assume that the earnings effect of the 10.1 percent extra who attended at least some college is
halfway in between the two other assumptions.9

8 Suppose expected earningswithout preschool areE0 =Pd0 *Ed+Ph0 *Eh+Pc0 *Ec, wherePd0,Ph0, andPc0 are
the proportions of the sample who are dropouts, high school graduates, or have at least some college, and these
proportions sum to 1, and Ed, Eh, and Ec are annual earnings for those with that level of attainment. A similar
equation applies if a child attends preschool, except that the proportions change to Pd1, Ph1, and Pc1, and the
resulting expected earnings are E1. Then one can show that E1 � E0 = (Pd0 � Pd1) * (Eh � Ed) + (Pc1 � Pc0) *
(Ec � Eh).

9 As already mentioned, in Appendix B we further consider the variation in estimates if the college attendance
effects (and high school graduation effects) deviate downwards or upwards from the point estimates.
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We regard this third assumption as still being conservative, for two reasons. First, it is
actually possible that the proportion of Tulsa pre-K students who complete a degree, out of all
thosewho start college,may be greater than predicted based on observing all Tulsa residents as
of 2015–2019. If pre-K improves “soft skills,” it may increase persistence in educational
attainment efforts beyond the average.And in fact, we observe that the effect of Tulsa pre-K on
college attendance, in percentage points, is greater than effects on high-school graduation,
which is consistent with that hypothesis. So, the second “optimistic” assumption in fact could
still be too pessimistic, and thus not be a true upper bound to plausible effects.

Second, Tulsa pre-K may have effects on employment rates, and hence earnings, that
exceed those predicted based on educational attainment effects. This occurred, for example,
for the Perry Preschool Project, as already mentioned. For Tulsa pre-K, we know it has
effects on retention in grade, which has been associated with effects on crime. Effects on
involvement with criminal activity would affect employment, even holding educational
attainment constant, and hence would affect both current and future earnings.

In doing benefit–cost analysis, we then discount all future earnings effects back to age
four, using a real social discount rate of 3 percent. Such a social discount rate is common in
benefit–cost analyses (Moore et al., 2004; Bartik, 2011). The discount rate issue is discussed
further in Appendix C.

This present value of future earnings effects is then compared with the average cost per
child of Tulsa pre-K, in 2021 national dollars. This average cost reflects the mix of full-time
versus part-time pre-K and is $9,628 national dollars.

As mentioned, we compare these estimates with earnings effects estimated in two earlier
studies based on Tulsa pre-K’s effects on kindergarten test scores and on grade retention by
the time ofmiddle school. These estimates use the sameTulsa cost estimates.10 They also use
similar although not identical procedures using American Community Survey estimates.11

We updated these prior estimates to use the new ACS data.12 With these updates, all three
benefit–cost analyses use a consistent methodology.

Benefit–cost results

Table 2 shows the benefit–cost results. Even under ultraconservative assumptions—that
Tulsa pre-K, despite large effects on college attendance, has zero effects on college degree

10 The original study using Tulsa kindergarten test-score effects relied on somewhat different cost estimates. We
updated these cost estimates to reflect the somewhat improved cost estimates used in the second benefit–cost study.

11 Among the differences: the first benefit–cost study uses the 2005–2007 ACS, the second study uses the 2009–
2013 ACS, and the third study (this study) uses the 2015–2019 ACS; the first study only looked at earnings from
ages 22 to 65, whereas the latter two studies look at ages 18 to 79; the first study did not adjust for mortality, the
second study usedU.S. Life Tables to do the adjustment, and the third study usedOklahomaLife Tables to adjust for
mortality; the first study did not adjust for secular earnings growth, the second study used prior Social Security
Trustee assumptions of secular growth at 1.17 percent per year, whereas the third study uses updated secular growth
assumptions of 1.15 percent.

12 Specifically, we used the percentages in each income group and full versus half-day status in the kindergarten
test score study to calculate that on average, the kindergarten test score results implied that Tulsa pre–K increased
earnings by 5.9 percent compared to average MSA mean earnings. For the study on grade retention in middle
school, we calculated that Tulsa pre–K increased earnings by 2.1 percent compared to averageMSAmean earnings.
We then applied this to predictedMSAmean earnings for persons aged 5 in the fall of 2006 in Tulsa, assuming their
distribution by education group approximates that observed for Tulsa residents at ages 25–29 in the 2015–2019
period. The present value of this predicted MSA mean earnings is $783,280 in 2021 national dollars.
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completion—the present value of the future earnings increase exceeds pre-K costs. The
benefit–cost ratio is 1.23.

Under more realistic assumptions, the benefits are higher, and so is the benefit–cost ratio.
Under more optimistic assumptions, where we assume that the proportion of the added
college attendees completing a degree is similar to what we find on average, the benefit–cost
ratio jumps to 4.08.

As mentioned, although the last set of assumptions is optimistic, the derived benefit–cost
ratio does not represent an upper bound. It is certainly possible that the effects of Tulsa pre-K
on college degree completion are higher than the typical patterns of college completion, just
as its effects on college attendance are higher than would be expected based on effects on
high-school graduation rates. And earnings effects may occur in ways that are not mediated
through educational attainment effects—for example, through extra employment effects.

A conservative approach is to take an average of the ultraconservative and the optimistic
estimates. Essentially, this assumes that the added proportions completing a degree, of those
attending college, are only half as great as what we observe on average among Tulsa
residents who attended college and are aged 25–29. Under these moderately conservative
assumptions, the benefit–cost ratio is 2.65. We regard these moderately conservative
assumptions as a lower bound to expected true benefits.

These can be compared with benefit–cost estimates based on the prior two Tulsa studies.
Using effects on kindergarten test scores, the estimated benefit–cost ratio is 4.80, which is

Table 2. Benefit–cost results for Tulsa pre-K, using different methodologies.

Ultraconservative
estimates

Moderately conservative
estimates

Optimistic
estimates

Panel A Benefits and costs based on effects on high-school graduation and college
attendance (2021 national dollars, in present value as of age 4)

Benefits 11,831 25,533 39,236
Costs 9,628 9,628 9,628
Benefit–cost ratio 1.23 2.65 4.08

Panel B Benefits/costs based on effects on kindergarten test scores (updated from Bartik
et al., 2012)

Benefits 46,218
Costs 9,628
Benefit–cost ratio 4.80

Panel CBenefits/costs based on effects on retention in grade by grade 9 (updated fromBartik
et al., 2017)

Benefits 16,484
Costs 9,628
Benefit–cost ratio 1.71

Note: See text for sources. Estimated benefits and costs are in 2021 national dollars, discounted to age four at a 3 percent social
discount rate, for Tulsa pre-K students entering kindergarten in fall of 2006. Benefits are only effects on future earnings of former
child participants.
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even higher than the current study’s optimistic estimates.13 However, as mentioned, the
current optimistic estimates may understate Tulsa pre-K’s earnings benefits.

In contrast, using effects onwhether students are retained in their grade by ninth grade, the
estimated benefit–cost ratio is 1.71.14 This is higher than the ultraconservative estimates but
significantly lower than even a moderately conservative estimate of 2.65, let alone the more
optimistic evidence from the current long-term study of 4.08, and also much lower than the
kindergarten test-score estimate of 4.80.

To gain more insight into these earnings benefits, Table 3 breaks out the earnings
benefits under each of the three scenarios into two components according to whether
earnings effects are due to effects on (1) high-school graduation or (2) college attendance.
As shown, even under ultraconservative assumptions, a majority of the earnings benefits
come from effects on college attendance, not high-school graduation ($7,260 for college
attendance versus $4,571 for high-school graduation, out of the total of $11,831 given in
Table 1). Panel B breaks this out as percentages of the total effect for each age range, and
for the total, and shows that even under ultraconservative assumptions, the percentage
total over all age ranges due to college attendance effects is 61 percent. (The 61 percent
figure is in the bottom row of Panel B, the total row, and is under the ultraconservative
column.)

For the “optimistic” and “moderately conservative” scenarios, the percentage due to
effects on college attendance is even more overwhelming: 82 and 88 percent. This reflects
both the very large earnings payoff to college degrees in today’s economy and the larger
percentage-rate effect on college attendance in the underlying studies (10.1 percentage
points for college attendance versus 2.7 percentage points for high-school graduation
rates).15

Table 3 also breaks down the present value of benefits by age, separately for both the
high-school graduation effects and the college effects. As shown in Table 3, Panel C,
almost half (48 percent) of the high-school graduation effects on increased earnings occur
prior to age 40. In contrast, for the college effects on earnings, well more than half occur
after age 40. (The actual percentages after age 40 are 85 percent for the ultra-conservative
scenario, 72 percent for the conservative scenario, and 68 percent for the optimistic
scenario.) This reflects that college has its largest dollar effects on earnings during later
career years.

13 These updated figures use the current study’s estimated future adult earnings as a base, which significantly
increases benefits and the benefit–cost ratio. The original study had a benefit–cost ratio of 3.20. But allowing for
future secular earnings increases and considering more years of earnings does lead to significantly higher earnings
benefits.

14 This only slightly differs from the earnings benefits-to-cost ratio in the prior study of 1.74. The slightness of the
difference is because the methodologies in the current study and the retention study for estimating baseline future
earnings are only slight.

15 How can this be reconciled with the very high returns to high school graduation reported in many studies? For
example, Vining andWeimer (2019) report a dollar return to an additional high school graduate of about $300,000
per additional graduate. The reconciliation is two-fold. First, in the current study, the effects on high school
graduation rates is quite small, only 2.7 percentage points. Second, Vining and Weimer’s return to high school
graduation includes the extra earnings that occur because some high school graduates go on to complete college,
that is they are including extra earnings effects from more college graduates. In contrast, the effects of high school
graduation in Table 3 are the effects of high school graduation for students who do not complete college, which
reduces high school graduation effects.
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Implications and conclusion

As already mentioned, the results, as shown in Tables 1 and 2 and Figure 1, of this study and
prior studies suggest a pattern of estimated future benefits of pre-K declining from kinder-
garten entrance through the K-12 years, before recovering once we begin getting more direct
evidence on outcomes post-high school.

One possible implication is that pre-K’s long-term effects are primarily due to effects on
“soft skills,” or on some type of skill or attribute that is not necessarily fully reflected in

Table 3. Benefits broken down by high-school graduation effects versus college effects,
and by age

Age
High-school
grad effects

College attendance
effects,

ultra-conservative

College
attendance
effects,

conservative

College
attendance
effects,

optimistic

Panel A: Dollar present value as of age 4, 2021 national dollars

18–29 1,090 �568 725 2,019
30–39 1,085 1,650 5,269 8,887
40–49 1,210 2,119 5,704 9,290
50–59 847 2,604 5,912 9,220
60–69 347 1,225 2,814 4,404
70 and over �8 230 537 845
Total 4,571 7,260 20,962 34,664

Panel B: Per cent of row effects in Panel A

18–29 �109 40 65
30–39 60 83 89
40–49 64 83 88
50–59 75 87 92
60–69 78 89 93
70 and over 104 101 101
Total 61 82 88

Panel C: Per cent of column effects in Panel A

18–29 24 �8 3 6
30–39 24 23 25 26
40–49 26 29 27 27
50–59 19 36 28 27
60–69 8 17 13 13
70 and over 0 3 3 2
Total 100 100 100 100

Note: See text for sources. Panel B divides each row entry by total for high-school plus college effect at that age range, and reports as
percent of this total. High-school percent of row total varies depending on scenario, and is 100 minus the college percent given in 3
scenarios. Panel C divides each column entry by total for that high-school or college effect over all ages, and reports as percent of this
total.
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standardized test scores during K-12. This is consistent with other evidence on Tulsa pre-K.
For example, Tulsa pre-K seemed to improve students’ behavior in high school, leading to
reduced course failures, more AP course-taking, and better attendance (Amadon et al.,
2022b). Current studies of the Tulsa pre-K program suggest that some Tulsa pre-K teachers
seem to be able to improve students’ self-regulation, which may improve students’ long-run
outcomes without necessarily improving standardized test scores (Phillips et al., 2022).

Another implication is that policymakers may perhaps use near-term outcomes of pre-K
as a rough indication of future benefits. Yes, these benefits may fade during K-12. But it is
not at all obvious that “medium-term” benefit measures are superior to the short-term benefit
measures as predictors of true long-term benefits.

Obviously, these conclusions may need to be modified as we continue to observe former
Tulsa pre-K participants. It will be of great policy interest to see to what extent the effects on
college attendance are reflected in effects on college degree completion. And it will be of
even greater policy interest to observe the actual effects on adult earnings at different ages, as
well as effects on involvement with crime, substance abuse, and other possible social
problems. Earnings increases do not exhaust preschool’s potential social benefits.16
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A. Appendix A

A.1. More Information on Sources for pre-K costs per child in Table 1

A.1.1. Perry

Cost information is fromHeckman et al. (2010). Updated to 2021 prices usingCPI-U.No adjustment for local prices
given uncertainty about local price differentials in 1960s. Cost is per child for program that was 2-year (ages 3 and 4)
half-day pre-K program.

A.1.2. Abecedarian

Cost information is from Ludwig and Sawhill (2007). Updated to 2021 prices using CPI-U. No adjustment for local
prices given uncertainty about local price differentials in 1960s. Cost is per child for 5-year program that is full-time
full-year child care and preschool from shortly after birth until age 5.

A.1.3. Head Start

Cost information is from the U.S. Department of Health and Human Services (2022). Updated to 2021 prices using
CPI-U.
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A.1.4. CPC (Chicago Child–Parent Centers)

Cost information is fromKaroly et al. (2021) and is confirmed by using Reynolds et al. (2011). Updated to 2021
prices using CPI-U. Adjusted by Karoly for local price differentials. Cost is per child for half-day pre-K
program at ages 3 and 4, with costs given here based on 55 percent of children enrolling for 2 years, 45 percent
for 1 year.

A.1.5. Tennessee pre-K

Cost information is from Karoly et al. (2021). Updated to 2021 using CPI-U. Karoly et al. (2021) adjust for local
price differentials.

A.1.6. Boston pre-K

Cost information is from Karoly et al. (2021). Updated to 2021 prices using CPI-U. Karoly et al. (2021) adjust for
local price differentials.

B. Appendix B

B.1. Sensitivity of Results to Low and High Treatment Effects

Themain text estimates, in Tables 2 and 3, accept the point estimates fromAmadon et al. (2022a) andGormley et al.
(2023) as being accurate. The various scenarios then use different ways of extrapolating from the point estimates on
college attendance to effects on college graduation. These college graduation effects are then added together with
earnings effects from more high-school graduates.

But there is some uncertainty in these point estimates. Specifically, the standard error in Gormley et al. (2023) is
about 8 percent of the point estimate, and the standard error in Amadon et al. (2022a) is about 60 percent of the point
estimate.

To deal with the uncertainly in estimated effects on college attendance and high-school graduation, we consider in
this appendix how results vary under “low treatment effects” and “high treatment effects”. Just to clarify, this is
different from our prior scenarios, which were based on different approaches to extrapolating from college attendance
point estimates to college graduate effects. The “low treatment effects” and “high treatment effects” instead consider
the possibility of different point estimates, for both college attendance effects and high-school graduation effects.

The low treatment effects subtract 1.96 times the percentage standard error is of the point estimates from the
estimated effects on college attendance, and also does the same for the estimated effects on high-school graduation.
This reduces the percentage point effect on college attendance from 10.1 percentage points to 8.5 percentage points,
and reduces the percentage point effect on high-school graduation from 2.7 percentage points toMINUS 0.5 per cent.

Similarly, the high treatment effects add 1.96 times the standard errors in the underlying estimated effects on
college attendance and high-school graduation. This modification increases the percentage point effect on college
attendance from 10.1 percentage points to 11.7 percentage points, and increases the percentage point effect on
high-school graduation from 2.7 percentage points to 5.8 percentage points.

Table 4. Benefit–cost ratios for Tulsa pre-K, different treatment effects, and college grad
scenarios.

Ultra-conservative Conservative Optimistic

Low-treatment effects 0.55 1.75 2.95
Point estimate treatment effects 1.23 2.65 4.08
High-treatment effects 1.91 3.55 5.20

Note: Middle row estimates same as in Table 2. Low- and high-treatment effects derived as described in this Appendix.
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Table 4 summarizes how the estimates change. The table reports the benefit–cost ratios for nine different
calculations: the three treatment effect assumptions (low treatment effects, point estimate treatment effects, high
treatment effects) times the three scenarios for translating college attendance rate effects into college graduate
effects (ultra-conservative, conservative, and optimistic). The benefit–cost ratios under the point estimate treatment
effects are identical to those reported in Table 2.

As shown in Table 4, we get a benefit–cost ratio of less than one, at 0.55 in the upper-left-side corner, only if we
simultaneously make two assumptions: low treatment effects; the ultra-conservative assumption that higher college
attendance does not boost college graduation. Under all other variations in treatment effects, and assumptions about
college attendance versus college graduation, the projected benefit–cost ratio is greater than one.

Why are results reasonably robust to alternative treatment effect assumptions? This robustness largely occurs
because of the combination of two factors. First, the estimated college attendance results are reasonably precise.
Second, as shown in Table 3, these college effects tend to dominate this benefit–cost analysis.

C. Appendix C

C.1. Discounting

The issue of discounting is obviously crucial to evaluating the impact of early childhood programs. These programs
tend to have their greatest benefits at more than 30 years in the future, and the key question is therefore “Howmuch
should we spend today, to get some benefits more than 30 years later?” We briefly discuss this question here. A
fuller discussion can be found in Bartik (2011), Chapter 7, and Appendix 7A.

It is conventional to use a social discount rate of a 3 percent real rate, to reflect the reality that in the future we are
likely to be wealthier. To express this more formally, it is common to use a Ramsey equation, in which the
appropriate social discount rate depends on the growth rate of future consumption, the elasticity of marginal utility
with respect to consumption, and a pure “time discounting factor,” or

r = d+ge,

where r is the social discount rate, g is the assumed annual growth rate of per capita consumption, e is the elasticity of
personal utility with respect to per capita consumption, and d is the assumed annual discount rate for future utility
(sometimes called the pure rate of time preference). The basic idea is that we should discount the future more
heavily, either because we have an inherent preference for the present over the future, or because our per capita
consumption is rising, so we value consumption less in the future because we already have so much of it.17

In the current case, we have g = 1.15 percent, based on the long-run economic growth assumptions of the
Trustees of the Social Security Fund. There are various assumptions made about appropriate values of d and e. The
Stern (2007) report on climate change assumed d = 0.1 and e = 1, which would yield a social discount rate of 1.25
percent. The well-known Moore et al. (2004) article on discounting assumed d = 1 and e = 1, which yields a social
discount rate of 2.15 percent. In more recent work, Moore et al. (2013a,b) and Moore and Vining (2018) have
assumed d = 1 and e = 1.35, which would yield a discount rate of 2.55 percent. Nobel Prize–winning economist
Nordhaus (2007) assumed e = 2 and d = 1.5, which would yield a social discount rate of 3.8 percent. The late well-
known environmental and public-finance economist Weitzman (2007) advocated values of e = 2 and d = 2, which
would yield a social discount rate of 4.3 per cent.

17 An alternative is to adjust the discount rate to reflect the possible excess social cost of forgone investment due
to the project’s financing squeezing out some private investment, which might be relevant if investment has a real
rate of return that exceeds the appropriate rate for discounting future consumption. But if we are to consider the
effect on investment of project financing, we would also want to consider the effects on investment of the project’s
benefits, for example, which might also be considerable. For that matter, we could also consider the excess burden
of the project’s financing by taxes, or potentially the social gains if the project is financed by taxing externalities,
such as by taxing carbon dioxide emissions. In general, it seems appropriate to deal with all of these issues in other
ways than through adjusting the social discount rate, by attaching various shadow prices to project effects, including
project financing effects. Moore et al. (2013a,b) andMoore and Vining (2018) make a more extended argument for
using shadow prices on financing effects, rather than the social discount rate, to adjust for possible displacement
effects on private investment.
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To understand how this might affect Tulsa pre-K benefits and costs, we can redo the benefit–cost model to see
what social rate of return Tulsa pre-K has under various assumptions. By “social rate of return,”wemean the highest
rate of return at which Tulsa pre-K has benefits exceeding costs. Doing so, it turns out that using high-school
graduation and college attendance data, Tulsa pre-K’s real rate of return is 3.49 percent under ultraconservative
assumptions, 5.48 percent under moderately conservative assumptions, and 6.68 percent under optimistic assump-
tions. Therefore, undermoderately conservative or optimistic assumptions, Tulsa pre-Kwould have benefits greater
than costs under any of the discount rates listed above, even Weitzman’s relatively high rate of 4.3 percent. On the
other hand, under ultraconservative assumptions, Tulsa pre-K would not pass a benefit–cost test using the higher
discount rates of Nordhaus or Weitzman.18

What about the higher discount rate of 3.5 percent advocated in the recent papers byMoore et al. (2013a,b) and
Moore andVining (2018)? This social discount rate assumed a higher annual growth rate of future consumption per
capita, and hence a higher growth rate of real earnings per capita. Specifically, Moore et al. (2013a) assumed annual
growth rates of the economy’s productivity at 1.9 percent, andMoore and Vining (2018) assumed an annual growth
rate of economic productivity of 2.0 percent. In both cases, some rounding was done to the resulting calculated
social discount rates to get to 3.5 per cent.

If we are to use this suggested social discount rate of 3.5 percent, we should also use a higher assumed growth
rate of future earnings per capita. Suppose rather than the 1.15 percent assumed in our projections in the text, we
instead used 1.9 percent. And then suppose we used the suggested higher annual discount rate of 3.5 percent, rather
than the 3 percent used in our text projections. This barely changes estimated benefit–cost ratios. The baseline
benefit–cost ratios in Table 2 of the text under the ultra-conservative, conservative and optimistic scenarios are 1.23,
2.65, and 4.08. Under this higher discount rate of 3.5 percent, rationalized by a higher growth rate of economic
productivity, the benefit–cost ratios shift upwards slightly to 1.26, 2.71, and 4.15, respectively.

18We can also compute that using the kindergarten test-score effects, the real rate of return of Tulsa pre–K is 7.75
percent, and using the effects on grade retention by grade 9, the real rate of return of Tulsa pre–K is 4.50 percent.
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