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Abstract: This paper presents new benefit-cost estimates for the Tulsa universal preschool 
program. These calculations are based on estimated effects from previous papers of Tulsa pre-K 
on high school graduation rates and college attendance rates of students who were enrolled in 
kindergarten in Tulsa Public Schools in the fall of 2006. In this paper, educational effects from 
these prior papers are used to infer lifetime earnings effects and are compared with program 
costs. Our conservative estimates of earnings effects 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 estimated effects on 
kindergarten test scores, but above what was predicted from Tulsa pre-K’s estimated 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 attests to the 
importance of the “soft skill” effects of pre-K and reminds us that short-term studies of pre-K 
provide useful information for public-policy decisions.  
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 In this paper, we present a benefit-cost analysis of Tulsa’s high-quality universal pre-K 

program, based on the longest-term empirical evidence currently available, which is program 

effects on high school graduation and college attendance. This benefit-cost analysis finds, using 

conservative assumptions, that the long-term earnings effects of Tulsa pre-K are 2.65 times the 

program’s costs. Comparing these results with prior benefit-cost analyses of Tulsa pre-K, we 

find that this benefit-cost ratio (BC ratio) is below BC ratios projected based on Tulsa pre-K’s 

effects on kindergarten entrance test scores, but above BC ratios based on Tulsa pre-K’s effects 

on students’ middle-school outcomes. This pattern is consistent with prior studies, which have 

often found that early childhood programs have large initial effects which then fade during K--12 

but re-emerge in adulthood.  

 This paper’s focus is of interest for three reasons: 

1) Tulsa pre-K is an important model for proposed large-scale expansions of publicly 

funded pre-K. 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. 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. 

2) 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. 
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3)  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 evaluations, 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 both useful to 

policymakers and also suggests that some of pre-K’s effects are not necessarily 

mediated through commonly measured outcomes during K--12.  

 Using previously estimated effects of Tulsa pre-K on high school graduation and college 

attendance, this study projects effects on future earnings. These estimates rely on a variety of 

evidence: 

• Cross-sectional information in Tulsa on how earnings vary by age and educational 
attainment 

• Projections of how effects on high school graduation and college attendance get 
translated into effects on educational attainment 

• Predicted secular increases in earnings with economic growth  

• Mortality of some former pre-K participants at different ages 

• Discounting future earnings back to age four, to compare with pre-K costs  
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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 effects on earnings 

may exceed those projected from educational attainment effects.  

 This estimated benefit-cost ratio of 2.65, based on relatively long-term education 

outcomes, can be compared with prior Tulsa benefit-cost evaluations: an updated study based on 

kindergarten test-score effects found a benefit-cost ratio due to earnings effects of 4.80; a study 

based on retention in grade by middle school found a benefit-cost ratio due to earnings effects of 

1.71. Thus, Tulsa’s effects on student outcomes seem to “fade,” in terms of what they imply for 

future earnings, from kindergarten to middle school, yet re-emerge later on. As we will 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, go on to college, and succeed in the economy.  

 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 
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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.  

BACKGROUND INFORMATION ON PRE-K STUDIES, TULSA PRE-K, AND NEW 
TULSA EVIDENCE 

 Many past studies have looked at 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). 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 et al. 2019, Weiland and Yoshikawa 2013), and multiple state programs in Wong et al. 

(2008), Cascio (2021), and Bartik and Hershbein (2018), besides the Tulsa pre-K program re-

examined here (Gormley and Gayer 2005).  

 Long-run estimates of pre-K effects are rarer but do exist. Long-run studies have been 

done of Head Start (Deming 2009; Carneiro and Ginja 2014; Bailey, Sun, and Timpe 2021; 

Ludwig and Miller 2007; Garces, Thomas, and Currie 2002), Perry Preschool Project (Heckman 

et al. 2010), the Abecedarian Project (Campbell et al. 2012), the Chicago Child-Parent Centers 

program (Reynolds et al. 2011), Universal Pre-K Boston (Gray-Lobe, Pathak, and Walters 2021), 

and Tulsa pre-K (Amadon et al. 2022; Gormley et al. 2022). The current study uses the latest 

Tulsa long-run results to do a benefit-cost analysis.  

 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 
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students. Head Start is a large-scale program that is both high in cost per student and tightly 

targeted to low-income students. The programs in Chicago, Tennessee, and Boston are all large-

scale programs of more moderate but still varying costs. Chicago and Tennessee tightly target 

disadvantaged children, but Boston’s program is more universal in scope.1 Chicago’s and 

Boston’s programs are more expensive per child than is typical, while Tennessee’s program is 

cheaper.2 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 Tulsa program was and is 

universal. Although in Tulsa most pre-K students were eligible for a subsidized lunch, about 22 

percent of pre-K participants were ineligible.   

 The long-term studies generally find that pre-K has sizable long-term effects, with high 

benefit-cost ratios. But, as mentioned, except for Tulsa and Boston, all these programs were 

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. Tulsa 

and Boston are the only programs with long-run results for a 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. Furthermore, 

Tulsa’s programs are more moderate in costs than are Boston’s. Even after adjusting for local 

price differentials, Tulsa’s program is about 19 percent cheaper than Boston’s preschool 

                                                 
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, Pathak, and Walters 2021)  

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.) Tennessee’s pre-K program has costs for a full-day program in 2021 national dollars of $10,136.  
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program.3 Therefore, Tulsa’s long-run effects—and the benefit-cost estimates presented here—

might be of particular interest.  

 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, 

which increases the importance of the Tulsa pre-K program, given that this program is not tightly 

targeted and is simply run through the normal public school system.  

 The causes of the pattern of results across studies is not completely understood. 

Researchers tend to say that pre-K “quality” matters, which seems like a plausible proposition, 

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 much in the way of short-run or medium-

run benefits (Farran et al. 2014).  As already mentioned, Tennessee’s program also spends less 

per student than some other programs studied, which might 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, including Oklahoma’s, 

tend to have higher medium-run effects than programs that do not have that reputation. All the 

programs with long-term results are thought to be of high quality, including Tulsa’s program. In 

                                                 
3 Adjusted to 2021 national prices, a full-day program in Tulsa costs $11,443, versus $14,193 for a full-day 

program in Boston. The figures for Tulsa are updated to 2021 national prices from the figures in Bartik et al. (2017). 
The figures for Boston are from Karoly et al. (2021), updated again to 2021 national prices.  
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the case of Tulsa, there is direct evidence from classroom observation that that program is high 

quality (Phillips, Gormley, and Lowenstein 2009).  

 Cascio (2021) finds that short-run pre-K effects are higher for universal than for income-

targeted programs, including for low-income students. Universal programs may benefit from 

peer effects due to income integration, or from universal programs having greater political 

support for creating and sustaining higher quality. Based on Cascio’s results, any Tulsa findings 

for large effects or high benefit-cost ratios may not be generalizable to nonuniversal state 

programs.  

 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. In the Tulsa context, the school system does have some high-quality features: 

for example, the school district has made some attempts to have a more challenging K--3 

curriculum to follow up on its pre-K offerings (Gormley et al. 2022). In addition, Tulsa has 

various middle-school magnet programs, as well as a modestly funded “place-based” scholarship 

program, Tulsa Achieves, which pays for free community college. Overall, Tulsa probably has a 

reasonably good city public-school system, even though Oklahoma ranks forty-sixth in K--12 

spending (National Center for Education Statistics 2021). Therefore, again, any findings on long-

run effects or benefits of Tulsa pre-K might not be generalizable to poor-performing or 

dysfunctional K--12 systems. But they might be generalizable to many average city school 

systems.  

 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 
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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, and Chicago 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, insignificant by third grade, but significant on 

college attendance, albeit for a different cohort (Gray-Lobe, Pathak, and Walters 2021). As 

already mentioned, the present study confirms this pattern for Tulsa pre-K by comparing benefits 

in terms of earnings effects in the short run, medium run, and long run.  

 

 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 
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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 the most are hard-to-observe skills, such as 

soft skills. In fact, some evidence from Tulsa supports the proposition that soft skills mediate the 

relationship between pre-K and long-term outcomes.  A recent paper shows that Tulsa pre-K 

boosts self-regulation skills, which are linked to higher civic engagement later on (Kitchens and 

Gormley 2022).  A final component of this theory is that for many adult outcomes—such as 

getting a good job, avoiding involvement with crime and substance abuse, avoiding unwanted 

pregnancies, and persisting in educational attainment—these so-called soft skills may be as 

important, if not more so, than academic skills as measured by test scores.  

 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).   

 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. Policymakers 

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 
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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: PRIOR STUDIES AND THE CURRENT STUDY 

 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 four-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 

 Tulsa’s pre-K has been extensively studied. Many of these studies come from Gormley 

and his coauthors at the Georgetown Center for Research on Children in the United States (see 

their website for a guide to this research).  

 As part of this research, the Tulsa 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, Gormley, and Adelstein 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.  

https://www.crocus.georgetown.edu/research/
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 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 kindergarten with other entering-kindergarten 

Tulsa students who did not attend Tulsa preschool or Head Start. This comparison group was 

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.4 These 

earnings effects are calculated using cross-sectional data by age from the American Community 

Survey (ACS) for the Tulsa metropolitan area.  

 To give details for the current study, we use effects on college attendance from the recent 

study by Gormley et al. (2022). Effects on high school graduation rates are from Amadon et al. 

(2022). 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 

                                                 
4 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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attendees in the fall of 2006. 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. 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.5 

                                                 
5 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. (2022) 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 sample means. 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.  
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 To measure effects on future earnings, we start with 2015–2019 data from the American 

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; college attendance, no degree; associate degree; bachelor or higher degree) from the 

Public Use Microdata Sample, using probabilistic matching to assign each Public Use Microdata 

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 two-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 around 16. 

We started our earnings analysis at age 18, and we 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 



 
15 

of the Social Security system (Trustees 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.6  

 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 

                                                 
6 Suppose expected earnings without preschool are E0 = Pd0 * Ed + Ph0 * Eh + Pc0 * Ec , where Pd0, Ph0, and 

Pc0 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).  
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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.  

 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 

those who 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 
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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. The discount rate issue is discussed further in the appendix.  

 This present value of future earnings effects is then compared with the average cost 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 of middle school. These estimates use the same Tulsa cost estimates.7 They also use similar 

although not identical procedures using American Community Survey estimates.8 We updated 

these prior estimates to use the new ACS data.9 With these updates, all three benefit-cost 

analyses use a consistent methodology. 

                                                 
7 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.   

8 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 used U.S. Life Tables to do the adjustment, and the third study used Oklahoma Life 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.   

9 Specifically, we used the percentages in each income group and full vs. 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 average MSA mean earnings. 
We then applied this to predicted MSA mean 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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BENEFIT-COST RESULTS 

 Table 1 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 

completion—the present value of the future earnings increase exceeds pre-K costs. The benefit-

cost ratio is 1.23.  

 
Table 1  Benefit-Cost Results for Tulsa Pre-K, Using Different Methodologies 
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) 

 Ultraconservative estimates 
Moderately conservative 

estimates Optimistic estimates 
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 and costs based on effects on kindergarten entrance test scores (updated from prior study) 
Benefits 46,218   
Costs 9,628   
Benefit-cost ratio 4.80       
 
Panel C  Benefits and costs based on effects on retention in grade by grade 9 (updated from prior study) 
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. 
 
 
 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 
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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 even 

higher than the current study’s optimistic estimates.10 However, as mentioned, the current 

optimistic estimates may understate Tulsa pre-K’s earnings benefits.  

 In contrast, using effects on whether students are retained in their grade by ninth grade, 

the estimated benefit-cost ratio is 1.71.11 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 2 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 

                                                 
10 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.  

11 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.  
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ultraconservative assumptions, a majority of the earnings benefits come from effects on college 

attendance, not high school graduation ($7,260 for college attendance vs. $4,571 for high school 

graduation, out of the total of $11,831 given in Table 1). For the “optimistic” and “moderately 

conservative” scenarios, the percentage due to effects on college attendance is even more 

overwhelming. 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).  

 
Table 2  Benefits Broken Down by High School Graduation Effects vs. College Effects, and by Age (present value 

as of age four, in 2021 national dollars) 

Age 
High school graduation 

effects 

College attendance 
effects, ultra-
conservative 

College attendance 
effects, moderately 

conservative 
College attendance 
effects, optimistic 

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 
NOTE: See text for sources. Parentheses indicate negative numbers .Note that the sum of the high school graduation effects plus 
college effects sum to total benefits given in Table 1 for each scenario. 
  
 Table 2 also breaks down the present value of benefits by age, separately for both the 

high school graduation effects and the college effects. As shown, almost half 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. This reflects that college has its largest 

dollar effects on earnings during later career years.  
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IMPLICATIONS AND CONCLUSION 

 As already mentioned, the results, as shown in Table 1 and Figure 1, of this study and 

prior studies suggest a pattern of estimated future benefits of pre-K declining from kindergarten 

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 

traditional measures of academic success during K--12.  

 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.  
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APPENDIX ON 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 “How much 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.12  

                                                 
12 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 
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 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. Nobel Prize--winning economist William 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 Martin Weitzman (2007) advocated values of e = 2 and d = 2, which 

would yield a social discount rate of 4.3 percent.  

 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,” we mean 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 

assumptions. Therefore, under moderately conservative or optimistic assumptions, Tulsa pre-K 

would 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.13 

                                                 
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.  

13 We 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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