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1 Introduction

The importance of returning to school later in life is generally understood. Yet, there

is a widely held assumption – in economics and elsewhere – that most individuals go

to post-secondary education right after high school and finish their education in their

early 20s. As a consequence, most papers in economics simply assume that all college

graduates follow the standard route of finishing college right after high school with-

out any delays (i.e., Mincer (1974), Becker (1994), Keane and Wolpin (1997), Lee and

Wolpin (2006)). While the majority of college graduates indeed follows the standard

route (referred to as early college graduates), we show that around a fifth of college

graduates complete their college education later in life (referred to as late bloomers).

We devote this paper to documenting in detail that a large fraction of individuals re-

turn to education later in life. We examine the contribution of late bloomers to the

aggregate increase in the share of college graduates and discuss several estimation

issues that arise when one assumes away this phenomenon in empirical research.

First, using the decadal American Census combined with the yearly American Com-

munity Survey (ACS) and the two samples from the National Longitudinal Survey of

Youth (NLSY79 and NLSY97) we document that the continued education of individu-

als into their 50s is a robust, persistent, and wide-spread phenomenon. For example,

at age 24 only 10.2% of the 1936 birth cohort had a college degree, by age 64 this frac-

tion went up to 18.9%. The equivalent numbers for the 1966 birth cohort are 19.8%

at age 24 and 31.5% at age 64. This implies that about a third of college graduates by

age 64 completed their degree after age 24. Looking at even later bloomers, among

individuals born between 1930 and 1970: around 20% of those who graduated from

college by age 50 did so after age 30.

Second, we show that the share of late bloomers among college graduates is not con-

stant, but changes non-monotonically across birth cohorts. The share of late bloomers

and its evolution differs by gender and by race. Specifically, the share of late graduates

is higher among women than among men and is higher among the Black and the His-

panic population than among Whites. We also analyze the contribution of early college

graduates and of late bloomers to the changing gender and the racial college share gap
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across birth cohorts. While the gender gap narrowed and the racial gap widened for

early college graduates, late bloomers have contributed to narrowing both the gender

and the racial college share gap.

It is a well-known fact that the educational attainment in the population of all ad-

vanced countries has been increasing over time. In the United States, the share of

individuals with a college degree increased from 8.4% to 34.5% between 1960 and

2019. The literature explains this phenomenon with the cohort succession model (see

e.g. Ryder (1965), Mare (1995), Cheeseman Day and Bauman (2000)). According to

this model, the increase in the share of college graduates stems from successive co-

horts obtaining more education. Our third contribution is to decompose the aggregate

increase in educational attainment over time into a between-cohort (i.e., cohort succes-

sion) and a within-cohort (i.e., late bloomers) component. This decomposition shows

that since 1960 more than half of the aggregate increase in the college share comes

from the within-cohort component and that this share has been increasing over time.

Finally, we show that the returns to having a college degree differ depending on the

age at graduation. Late bloomers – even before graduating from college – earn higher

wages than non-graduates. Upon graduation, they receive a college premium, and

their wage-experience profile becomes steeper, but their wages stay below the wages

of early college graduates. This implies that when conducting regressions failing to

account for the exact time of graduation, would lead to biased estimates. We demon-

strate that ignoring the existence of late graduates, and assuming that all college grad-

uates follow the standard route, leads to an underestimation of the returns to graduat-

ing from college early on average by 27%. The extent of underestimation varies across

demographic groups.

Our findings have important implications. The shift-share decomposition shows that

to understand the evolution of the aggregate college share, one must pay particular at-

tention to late bloomers. The fact that the share of late bloomers among college gradu-

ates changes non-monotonically across birth cohorts suggests that the forces that drive

early college graduates and those that drive late bloomers are different. Therefore, to

apprehend the drivers of the college share in the aggregate economy, we need to study
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the forces that drive individuals to acquire education later in life separately from those

that drive early college graduation. This need is even more pressing due to labor mar-

ket returns varying between early and late college graduates.

The fact that the returns to having a college degree are lower for late graduates sug-

gests caution when interpreting college graduation gaps between different demographic

groups. In particular, a narrowing of the gap driven by early graduates does not have

the same implication as a narrowing of the gap driven by late graduates. Given that

we found that late bloomers contribute to the narrowing of both the racial and gender

gap, the college graduation gap should be calculated at different ages, and studied

jointly.

Our paper is not the first to document that continued education in adulthood is a

prevalent phenomenon. Wilson et al. (2011) analyze the processes that explain the

trends in average educational attainment. They conclude that the importance of between-

cohort changes has decreased and that this was compensated to some extent by an in-

crease in within-cohort changes, especially for women. Bauman (2016) indicates that

indeed the CPS data is not consistent with individuals only acquiring education dur-

ing their childhood, teens, and 20s. However, he does not explore how the fraction

of late bloomers has changed over time, their contribution to aggregate increases in

college attainment, or the implication for estimates of the gain from having a college

degree. Murphy and Topel (2016) document similar patterns for the within-cohort in-

creases in the fraction of college graduates for both women and men in their Figure

5 but do not explore its implications. Altonji et al. (2016) remark that about a quarter

of students in their data graduate before 20 or after 24, and exclude them from their

sample.

The impact of the timing of schooling on subsequent labor market outcomes has been

studied in the literature. Griliches (1980) studies the effect of school interruption and

working while in school in the Young men NLS and finds it does not affect subse-

quent careers. Light (1995) measures returns to education by allowing for disconti-

nuity in age paths before and after school, and finds that education wage boosts are

smaller when there has been a discontinuity. Monks (1997) also shows that those who
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complete college at a later age benefit from smaller returns to education. Ferrer and

Menendez (2009) compare the returns to education between the early and late grad-

uates of tertiary education using a unique survey data set from Canada. Contrary to

our findings, they find that graduates who delayed their education enjoy a premium

relative to graduates who did not.

While our paper does not assess the reasons for returning to college later in life, it

suggests that these reasons need to be investigated. The literature addressing this is

limited, even though adult education in general is the topic of research in education

and psychology. Kuh et al. (2006) provide an overview of the literature on individuals’

success in college. They do provide ideas about who are the individuals who may have

to drop out of college as well as who might be likely to return to college. Aina et al.

(2018) also provide a comprehensive survey on the theoretical approaches used in the

literature to study the phenomenon of delayed graduation and university dropout.

Zhang and Palameta (2006) study the likelihood of adult schooling and its returns

based on demographic characteristics in Canada and find that young men and senior

women benefit the most. Jamieson (2007) examines the behavior of older students

in the United Kingdom. She finds that a substantial proportion of the ‘middle-aged’

graduates view their studies as a pathway to enhanced employment opportunities. As

noted in Anderson (2008), there is some evidence of the benefits of later life learning

to several important elements such as mental health and improved social networks.

Yang (2021) uses the NLSY79 data to analyze the socio-economic characteristics that

are correlated with the age at which an individual graduates from college. He then

constructs an incomplete markets general equilibrium life-cycle model with which he

evaluates the welfare implications of the possibility of delayed college education.

The remainder of the paper is organized as follows. In Section 2 we document the ex-

istence of ’late bloomers’ in the US. This is further expanded upon in Section 3, where

we analyze the share of late bloomers among college graduates and their contribution

to the changing gender and racial gap in college share. Section 4 is devoted to a de-

composition of the increase in the aggregate college share into a between cohort and

a within cohort component. In Section 5 we analyze whether the returns to having a
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college degree differ depending on the age at graduation. Finally, Section 6 provides a

summary and concludes.

2 Late bloomers

In what follows we document that the continued education of individuals late into

their lives is a robust, persistent, and widespread phenomenon. We first use repeated

cross-sectional data – the decadal American Census from 1960-2000 combined with

the yearly American Community Survey (ACS) 2001-2019 – to show that the share of

college-educated individuals increases within birth cohorts as they age. These data

were downloaded from IPUMS (Ruggles et al. (2023)).1 Next, we use panel data sets

– the 1979 and the 1997 releases of the National Longitudinal Survey of Youth (NLSY)

– which allows us to follow individuals over time. In these surveys we establish that

a large share of individuals obtain college education later in life, that is they are late

bloomers.

Figure 1 plots the share of college-educated individuals in the population for different

birth cohorts as they age. College education is defined as 16 years or more of com-

pleted years of education. Each curve shows the share of college-educated individuals

between ages 24 and 64 for one of seven birth cohorts, born every decade from 1926

until 1986. As the data runs from 1960 until 2019 we observe the later-born cohorts for

fewer years, i.e. until a younger age.

There are three things to note from this figure. First, the educational attainment is

higher for later-born cohorts. Second, the age gradient of the share of college gradu-

ates is positive for each cohort, implying that the share of college graduates within a

cohort increases as the cohort gets older. Third, the age gradient of the college share

is steeper for later-born cohorts.2 The first observation is expected based on the cohort

succession model. Even though there are some research papers documenting the sec-

ond observation, it is a little-known fact. Finally, to the best of our knowledge, we are

1The same holds using the Annual Social and Economic (ASEC) supplement of the Current Pop-
ulation Survey (CPS). We opted to use the decadal Census combined with the ACS due to the larger
samples.

2These three patterns also hold when breaking down the data into gender and race cells, see Figure
B.1 and B.2 in the Appendix.
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Figure 1: College share by age for different cohorts
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2001-2009 and
2011-2019. Each curve shows the share of college graduates for a birth cohort against the age of the birth
cohort. The college share for a birth cohort in a given year is calculated as the share of the total sample
weight of those with at least 16 years of completed years of schooling relative to the total sample weight
of the birth cohort in the given year. The curves show cohorts born in 1926, 1936, 1946, 1956, 1966, 1976,
1986 for ages 24-65 (or widest range available within).

the first to document the third observation. We next investigate whether these patterns

hold by gender and by race.

The most natural explanation for new observations 2 and 3 is that in all birth cohorts

individuals continue to acquire college degrees in their 30s, 40s, and 50s and that the

rate at which individuals get college degrees later in life increases across successive

cohorts. While the repeated cross-sectional nature of the Census does not allow us to

verify whether individuals acquire education later in life, the available information on

enrollment in school is in line both with the increases in the college share within birth

cohort over age and with the increases in the age-gradient across birth cohorts. See

Appendix section B.2 for details.

There are other potential explanations for our new observations. First, it is possible

that the fraction of individuals with a college degree among immigrants is higher for

older individuals, and that the age-gradient of the college share of immigrants in-

creased over time. We can rule this explanation out, as the same patterns hold when
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we only consider individuals born in the US, see Figure B.4 in the Appendix. A sec-

ond explanation could be that there are differences in the mortality rate of individuals

with and without a college degree. The available data shows that the mortality rate is

higher among individuals without a college degree and that the difference is larger for

older individuals. These facts imply that as a given birth cohort ages, a larger share

of non-college individuals in that cohort die, and hence the college share within the

birth cohort increases. However, the available data suggests that the impact of mor-

tality differences by education level on the evolution of the college share of a birth

cohort is tiny. See Appendix B.4 for details. A third explanation is that perhaps the

survey (non-)response rates are higher for those without a college degree and this dif-

ference increases within a cohort as it ages and is also larger for later-born cohorts. By

definition, we cannot rule this explanation out from repeated cross-sectional data.

The best way to rule out alternative explanations is to use panel data, which follows

individuals over time. The two releases of the NLSY follow individuals from a young

age, between 14 and 22 in the 1979, and between 12 and 15 in the 1997 release. The

NLSY79 is annual until 1994, and bi-annual until 2020, while the NLSY97 is annual

until 2011 and bi-annual after that. These surveys provide information on school en-

rollment, highest grade completed, employment, and wages, as well as a rich set of

descriptors. As in the Census data, we define college graduates as those who com-

pleted at least 16 years of schooling.

In Figure 2 each curve represents individuals surveyed in one release of the NLSY.

The blue curve, corresponding to the NLSY79, shows individuals born between 1957

and 1964, while the red curve, corresponding to the NLSY97, shows individuals born

between 1980 and 1984. The left panel shows the college share at each age among

all individuals surveyed at that age, while in the right panel the share at each age is

calculated on a fixed sample, keeping only individuals who responded in all rounds

of the survey. These graphs show that (1) in the NLSY97, individuals acquire more

education, (2) in both NLSY79 and NLSY97, individuals continue to acquire education

as long as the survey follows them, and (3) the age-gradient of the NLSY97 is steeper.

Since the left and the right panel are similar we can rule out that the age-gradient in

the college share is driven by differential survey non-response rates by education level.
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Figure 2: College share by age in the two NLSY cohorts
Notes: Authors’ calculations from the two releases of the NLSY. In each panel the two curves show the
share of college graduates against age for individuals from the NLSY79 (in blue) and the NLSY97 (in
red). The left panel shows this in the full sample, whereas the right panel shows these shares among
those who responded in all rounds of the respective survey.

As in the Census, the same patterns hold for both men and women and all race and

ethnicity groups, see Figure B.6 and B.7 in the Appendix. Therefore the facts that we

established based on the Census data also hold in the NLSY and are due to individuals

acquiring education later in life.

Thus far we have established that a large fraction of individuals are late bloomers, who

acquire education late in their life. Figure 2 demonstrates that an increasing share of

individuals acquire education later in life (the NLSY97 has a steeper slope than the

NSLY79), and that also an increasing share of individuals acquire education early in

life (the NLSY97 has a higher intercept, or age 24 share). Given the rising shares of

both early and late graduates across birth cohorts, it is not clear whether these shares

are shifting simultaneously or at different rates. If the latter is true, then it implies that

the factors driving early and late graduation are different, which is the reason why

it is crucial to gain insight into this question. This is what we investigate in the next

section.
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3 Share of late bloomers among all college graduates

Table 1 shows – for different birth cohorts in each row, and for different subgroups of

the cohort in each column – the share of those who get a college education after 30

among those who get a college education by age 50.3 We chose the cutoff age of 50

to be able to include the 1970 cohort. The patterns are the same if we set the cutoff

age at 60. If the share of early and late graduates changed together we would expect

cohort all men women Whites Blacks

1930 22.6 20.9 27.7 21.5 40.0
1940 28.1 25.6 31.8 26.2 48.9
1950 17.3 12.2 23.3 16.3 32.4
1960 16.5 12.3 20.3 14.8 34.3
1970 18.7 18.1 18.9 18.1 37.0

Table 1: Share of late college graduates among college graduates, Census
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2019. The table
shows the share of those who obtained a college degree after the age of 30 among those who obtained
a college degree by age 50 for different groups of the population in each column and for different birth
cohorts in each row.

these shares to be roughly constant. This is clearly not the case. Table 1 shows that

the share of late bloomers among college graduates decreased monotonically until

the 1960 birth cohort and slightly increased thereafter. Among men and Blacks, the

increase started from the 1950 birth cohort, for Whites from the 1960 birth cohort,

whereas for women the share decreased monotonically across these 5 birth cohorts.

The highly non-monotonic evolution of the share of late graduates among all college

graduates suggests that distinct forces are driving early and late graduation, while the

different evolution of this share across demographic groups suggests that these forces

are of different importance depending on the demographic group.

Table 2 illustrates a similar trend using the NLSY data. The respondents of the NLSY79

were between 55 and 63 years old in 2020 during the last round of the survey. The re-

spondents in the NLSY97 were between 30 and 40 years old during the last year of that

survey, administered in 2019 and 2020. To get comparable shares of late bloomers, we

truncate the NLSY79 in 1998 when the respondents were between the ages of 31 and

3See Table C.1 in the Appendix for the share of graduates at different ages for these birth cohorts.
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sample all men women Hispanics Blacks others

1979 16.7 12.6 20.6 27.3 30.0 14.9
1979 truncated 9.3 7.5 11.0 15.6 13.6 8.7
1997 12.0 12.3 11.8 20.1 22.4 9.8

Table 2: Share of late graduates among college graduates, NLSY
Notes: Authors’ calculations from the NLSY79 and the NLSY97. The table shows the share of those who
obtained a college degree at or after the age of 30 among those who obtained a college degree during
the 1979 survey in the top row (i.e., by 2020), during the truncated 1979 survey in the middle row (i.e.,
by 1998), and in the 1997 survey in the bottom row (i.e., by 2019) for different groups of the population
in each column.

41. Importantly the age distributions in the last year of the truncated NLSY79 and that

of the NLSY97 are similar, with a mean age of around 36. Table 2 shows the share of

those who obtained a college degree at or after age 30 among those who obtained a

college degree at any point during the survey for different samples in each row and dif-

ferent subgroups of the population in each column.4 Given the birth years of NLSY79

respondents the first row should be–and indeed it is–close to the 1960 row of Table 1.

Comparing the first two rows of the table we see that by truncating the NLSY79 in 1998

we have removed around 40-50% of late bloomers for each demographic group. The

comparison of the last two rows of Table 2 shows that the share of late bloomers when

calculated only until individuals reach their mid-30s has increased between those who

were born between 1957 and 1964 and those who were born between 1980 and 1984.

The increase is the largest for Blacks and men and is the lowest for women and for the

non-Hispanic non-Black population. If these increases in the share of late bloomers

measured until their mid-30s are indicative of increases until the ages of 50 and 60,

then putting together with Table 1 we expect the share of late bloomers to increase af-

ter 1970 in all demographic groups of the population. Moreover, not only the share of

late bloomers among college graduates but also the share of college graduates at dif-

ferent ages substantially increased for all demographic groups between the NLSY79

and NLSY97, see Table C.2 in the Appendix.

An implication of the large share of late bloomers – together with its different levels

across demographic groups, and its differential evolution across birth cohorts – is that

4In the NLSY the ’other’ race category includes the non-Hispanic, non-Black individuals, and is close
to the ’White’ category in the Census.
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late bloomers could have played a role in the narrowing or the widening of the college

share gap between different demographic groups. In Table 3 we show the college share

gap between men and women (also by race) and between Whites and Blacks (also by

gender) for different birth cohorts at age 30 and age 50.

gender gap White-Black gap

all Whites Blacks all men women

college share gap at age 30

1930 7.31 3.19 -0.01 7.72 7.37 3.38
1940 6.98 2.93 0.00 10.14 9.31 6.37
1950 7.08 2.63 0.01 13.77 12.20 10.09
1960 0.87 -0.54 -0.01 11.28 10.89 10.48
1970 -3.09 -2.45 -0.06 13.82 16.27 13.03

college share gap at age 50

1930 8.32 8.83 0.32 8.15 12.53 4.02
1940 8.00 8.52 -0.52 10.53 15.19 6.15
1950 4.63 4.91 0.34 13.06 15.37 10.81
1960 -1.53 -1.36 -4.21 9.00 10.53 7.68
1970 -4.13 -4.31 -8.46 11.13 13.38 9.23

Table 3: College share gap at different ages in percentage points
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2019. The table
shows the differences in the share of college graduates between men and women (in the first three
columns) and between Whites and Blacks (in the second three columns), also broken down by race and
gender respectively. The top panel shows these college share gaps measured at age 30 for different birth
cohorts in each row, while the bottom shows them measured at age 50.

Looking at the gender gap in college education, the narrowing from the 1930 to the

1970 birth cohort is more pronounced at 12.45 percentage points if measured at age

50 (-4.13-8.32), compared with the 10.4 percentage points at age 30 (-3.09-7.31). The

difference in narrowing is especially pronounced if we look at the gender gaps by

race: more than half of the narrowing for Whites, and all of the narrowing for Blacks

happens after age 30. While the racial college share gap widened across these birth

cohorts (though not monotonically), the widening is less pronounced if measured at a

later age, implying that the racial college share gap actually narrowed (also by gender)

after age 30. Therefore late bloomers narrow both the gender and the racial college

share gaps. If late bloomers have lower earnings than early college graduates, then a

narrowing of the gap after age 30 has a different implication than its narrowing before
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age 30. We explore the earning profiles of late bloomers in Section 5.

4 Contribution to aggregate college share increase

Thus, we have established that a significant fraction of individuals acquire a college

degree later in their lives and that the share of both early and late graduates is larger

for later-born birth cohorts. Therefore, both of these channels must contribute to the

increase in the aggregate college share. To quantify the contribution of late-bloomers

to the change in the aggregate college share over time, we conduct a standard shift-

share decomposition that also accounts for the exit of older cohorts and the entry of

younger cohorts.5

As a first step, we express the (aggregate) college share in the economy at time t among

24-65-year-olds as

λt =
t−24∑

b=t−65

ωb,tλb,t,

where b indexes the birth cohort, λb,t is the college share among birth cohort b in year

t, and ωb,t is the share of birth cohort b among all birth cohorts who are between the

age of 24 and 65 in year t (such that
∑t−24

b=t−65 ωb,t = 1).

The decadal change in the college share can be written as:

∆λt ≡ λt − λt−10 =
t−24∑

b=t−65

ωb,tλb,t −
t−34∑

b=t−75

ωb,t−10λb,t−10

=
t−24∑

b=t−33

ωb,tλb,t −
t−66∑

b=t−75

ωb,t−10λb,t−10 +
t−34∑

b=t−65

ωb,tλb,t −
t−34∑

b=t−65

ωb,t−10λb,t−10.

This formulation highlights that different birth cohorts are included in the aggregate

college share of different years. The cohorts born between t−65 and t−34 are included

in the aggregate college share of both years t and t−10. The older cohorts born between

t− 75 and t− 66 are only included in the college share of year t− 10, as they retire or

5See for example Acemoglu and Autor (2011) for a standard shift-share decomposition of occupa-
tional changes into within industry and between industry changes, and Melitz and Polanec (2015) for a
discussion of how to treat (firm) entry and exit in shift-share decompositions of aggregate productivity
changes.
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exit the sample by year t. Similarly, the younger cohorts, born between t−33 and t−24

are only included in the year t’s college share, as in year t − 10 they were too young

to have entered the sample. Based on this logic, it is useful to define the following

age groups: young are the current 24-33 year olds, middle-aged are the current 34-

55 year olds, and old are the current 56-65 year olds. We define within age-group

weights: ω̃m,o
b,t = ωb,t/

∑t−34
b=t−65 ωb,t and ω̃y,m

b,t = ωb,t/
∑t−24

b=t−55 ωb,t, such that the weights in

the indicated groups sum to 1, i.e.
∑t−34

b=t−65 ω̃
m,o
b,t = 1 and

∑t−24
b=t−55 ω̃

y,m
b,t = 1. We further

define the following two within age-group average college shares: one among middle-

aged and old λ
m,o

t =
∑t−34

b=t−65 ω̃
m,o
b,t λb,t, and another among the young and middle-aged

λ
y,m

t =
∑t−24

b=t−55 ω̃
y,m
b,t λb,t. With these definitions, we can further rewrite the decadal

change in the college share as:

∆λt =
t−24∑

b=t−33

ωb,t(λb,t − λ
m,o

t )︸ ︷︷ ︸
entry

+
t−66∑

b=t−75

ωb,t−10(λ
y,m

t−10 − λb,t−10)︸ ︷︷ ︸
exit

+
t−34∑

b=t−65

(ω̃m,o
b,t − ω̃

y,m
b,t−10)λb,t−10︸ ︷︷ ︸

shift

+
t−34∑

b=t−65

ω̃m,o
b,t (λb,t − λb,t−10)︸ ︷︷ ︸

within

. (1)

The entry component captures changes due to the difference in the college share in

year t between new entrants and birth cohorts that were already active in the previous

decade, in year t − 10. The exit component captures changes due to the difference in

the college share in year t−10 between the retiring cohorts and the cohorts that will be

active also in the next decade, in year t. The shift component is due to changes in the

relative weights of birth cohorts that are active in both periods, essentially capturing

the gradual shift of the population towards later-born cohorts with a different college

share. Given that cohorts born later tend to have higher educational attainment, as

emphasized by the cohort succession model, each of these three components should

be positive. The sum of these three components captures the between cohort changes

and accounts for the cohort succession channel, as the included changes are solely

driven by changes in the share of different birth cohorts among the currently active

population. Finally, the within component is due to changes in the college share within

14



birth cohorts over time, it thus captures changes coming from individuals acquiring

education later in life, i.e. from late bloomers.

Table 4 shows the above decomposition by decade, as well as for two 30-year periods.

As expected, the share of college-educated workers increased in all the decades con-

sidered. The cohort succession mechanism, whereby consecutive cohorts acquire more

and more education, has significantly contributed to this overall increase, as captured

by the between component. This itself is composed of entry, exit, and shift. New en-

trants with higher college shares are driving the succession channel in the first half of

the sample, whereas retiring cohorts with lower college shares are the largest contrib-

utors to the between component in the later periods, and shifts among birth cohorts

active in both periods hardly have any effect. The within-birth cohort component,

which is the focus of our paper, is an important contributor to the aggregate increase

of the college share, with its contribution monotonically increasing from around 40%

in 1960-1970 to more than 80% in 2010-2019. Comparing the 1960-1990 period with

the 1990-2019 period, the within-cohort increases explain 48% of the change in the ear-

lier period, whereas they explain 72% of the increase in the later period. Thus, late

bloomers have been significantly contributing to the increase in the aggregate supply

of skilled workers since the 1960s, and their contribution has grown over time.

aggregate entry exit shift between within
change cohort cohort

1960-1970 3.5 1.4 0.7 0.1 2.1 1.4
1970-1980 6.1 2.4 0.9 0.1 3.4 2.6
1980-1990 4.5 -0.1 1.7 0.1 1.8 2.7
1990-2000 4.0 0.3 1.3 0.0 1.6 2.4
2000-2010 3.4 0.3 0.8 0.0 1.1 2.3
2010-2019 4.7 0.6 0.0 0.0 0.7 4.0

1960-1990 14.0 3.7 3.3 0.3 7.3 6.7
1990-2019 12.0 1.2 2.1 0.0 3.4 8.6

Table 4: Aggregate college share change decomposition
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2019. The de-
composition in (1) is implemented using sample weights to calculate the weight of each birth cohort b
in year t among those aged 24-65, ωb,t. The college share for birth cohort b in year t is as in Figure 1. The
‘between cohort’ is calculated as the sum of ‘entry’, ‘exit’ and ‘shift’. The sum of ‘between cohort’ and
‘within cohort’ is equal to the aggregate change. All changes are shown in percentage points.
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The same decomposition done separately by gender and by race shows that – while

there are quantitative differences – the role of within-cohort increases in educational

attainment became more pronounced for all demographic groups. Table 5 shows that

for all demographic groups considered the within cohort increases in educational at-

tainment explain more than half of the aggregate increase between 1990-2019.6 In

terms of magnitude there are marked differences, for men and Blacks (almost) every-

thing, for Whites around 70% and for women slightly more than 50% is due to within

cohort changes. Table 5 also shows that there are different patterns in terms of changes

in aggregate college shares across demographic groups. For men and for Whites the

increase in the aggregate college share is smaller in 1990-2019 than in 1960-1990, while

for women and Blacks the increase is larger in the second half.

aggregate change between cohort within cohort

men

1960-1990 14.3 6.6 7.7
1990-2019 7.1 -1.3 8.4

women

1960-1990 13.8 7.8 6.0
1990-2019 16.8 7.9 8.9

Black

1960-1990 9.1 2.9 6.1
1990-2019 11.3 0.8 10.5

White

1960-1990 14.4 7.9 6.5
1990-2019 11.2 3.2 8.0

Table 5: Aggregate college share change decomposition by gender & race
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2019. The de-
composition in (1) is implemented separately for different demographic groups. The ‘between cohort’
is calculated as the sum of ‘entry’, ‘exit’ and ‘shift’. The sum of ‘between cohort’ and ‘within cohort’ is
equal to the aggregate change. All changes are shown in percentage points.

To summarize, we have shown that late bloomers explain a large and growing part of

the aggregate increase in the college share. These findings imply that late bloomers

play an important role in the evolution of the aggregate college share, and we need

6See Table D.3 in the Appendix for the decade-by-decade decomposition.
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to study the forces that drive individuals to acquire education later in life separately

from those that drive early college graduation.

In what follows we first document that the returns to college education are different

depending on the age at graduation. We then show that these differences are impor-

tant, especially since in most data we do not observe the age at graduation. In such

data, the returns to college education are underestimated for the majority of college

graduates, who complete their college degree straight after high school.

5 The returns to college education by age at graduation

In this section, we aim to estimate the returns to college education by age at gradua-

tion. There are two issues to consider. First, to conduct such an analysis, we need to

observe the age at which the individual obtained a college degree. This implies that

we need to use the NLSY since this type of information is not available in the Census

and more generally in cross-sectional datasets. Second, since the NLSY has a relatively

small sample we cannot do a quasi-continuous analysis by age at graduation, but we

need to create a few groups based on the age at graduation. We split respondents in

the NLSY79 into four groups: (i) early college, those who graduate from college at

or before age 24, (ii) medium college, those who graduate from college between age

25 and 29, (iii) late college, those who graduate from college at or after age 30, and

(iv) never college, those who do not get a college degree during the time we observe

them. While the cutoff ages between these groups are somewhat arbitrary, the groups

we construct are markedly different in terms of the highest grade completed (HGC)

and in terms of the years of work experience individuals accumulate in their 20s be-

fore college graduation. Figure 3 presents the distribution of HGC at age 22 for the

4 groups on the left, and on the right it presents the distribution of pre-college work

experience at age 26. At age 22 more than 95% of the early college group have at most

one year left to complete college, and almost 75% of the medium college group have

at most 2 years left. In complete contrast almost 40% of the late college group and

80% of the never college group did not even start college. In terms of pre-college work

experience, more than 90% of the early college group have none. In contrast, about
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Figure 3: Distribution of highest grade completed and work experience
Notes: Authors’ calculations from NLSY79 data. The panel on the left shows the distribution of highest
grade completed (measured in years) at age 22 among those who end up in the early, medium, late, and
never college groups. The right panel shows the distribution of pre-college work experience (in years)
at age 26 for the same four groups.

60% of the medium college group have at most 1 year, whereas around 60% of the late

and 70% of the never college group have 3 years or more work experience at age 26.7

A standard way to assess the lifetime returns to college education is to run sepa-

rate wage-experience regressions for those with and without a college degree. This

is done for instance in the literature on unlucky cohorts and the scarring effect to com-

pare the outcomes of post-secondary education graduates and less-educated workers

(Genda et al. (2010), Brunner and Kuhn (2014), Schwandt and von Wachter (2019)), or

more generally to measure the returns to experience by education level (Connolly and

Gottschalk (2006)). The equation is as follows:8

logwi = α + β1expi + β2exp2
i + γ′Xi + εi, (A)

where logwi is individual i’s real log hourly wage, expi is individual i’s labor market

experience, and Xi is a set of individual controls. In such regressions, the differences

between the estimates for α for those without and with a college degree capture the

7See Appendix section E.1 for further descriptive statistics on HGC and work experience for the 4
groups.

8The equation is a generalization of the Mincerian regression as presented by Card (2001), where the
additivity assumption between years of schooling and experience is relaxed.
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college premium. The differences in β1 and β2 allow for wages to increase with ex-

perience differently for these two groups. Using these estimates one can calculate the

returns to college education as the difference between the present value of lifetime

wages for those with and without a college degree.

Regression (A) can be run on cross-sectional datasets, in which only the education

level and labor market experience of individuals are recorded. However, we have

shown that late bloomers accumulate work experience before completing college (as

seen in Figure 3) and that a significant fraction of individuals are late bloomers. These

two facts imply that equation (A) is misspecified unless two assumptions hold. First,

that the returns to pre-college and post-college years of experience are the same for

late bloomers once they graduate. Second, it has to hold that the wage paths for early

and late college graduates are the same after graduation. Otherwise, the estimates

obtained with regression (A) are biased.

Using the panel aspect of the NLSY dataset, we can check if the two assumptions

of same returns and same wage paths hold. We proceed by assessing whether the

returns to college education depend on the age at graduation in the NLSY79.9 We

modify equation (A) and estimate the following separate regressions for each of the

four groups:

logwit = α + β1,nexpn,it + β2,nexp2
n,it + θDit + β1,cexpc,it + β2,cexp2

c,it + γ′Xi + εit. (B)

By running the regression separately for each group, we can see whether the wage

profile of late graduates is similar to the never graduates before obtaining a college

degree and whether it is similar to the early graduates once they obtain their degree.

There are two key differences between equation (A) and equation (B). The first is that

we allow for the college graduation premium, θ, to vary by the age at graduation,

through the dummy variable Dit, which takes value 1 if i is a college graduate at time

t. The second key difference is that in equation (B) we explicitly account for years of

experience before completing college expn,it and years of experience after completing

college expc,it. By including expn,it and expc,it separately we allow for college gradua-

9Note that as we use panel data, observations are at the individual-time level.
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tion to change the slope of the wage-experience profile.

The four groups are quite different in terms of their initial conditions, endowments

of skills, family background, etc. This, in fact, is the reason why in Xi we control for

a set of time-invariant individual characteristics. These include gender, race, height,

weight, and body mass index measured in 1981, and the number of times the indi-

vidual used drugs in 1979. We also control for the score in Numerical Operations

and in Coding Speed from the Armed Services Vocational Aptitude Battery (ASVAB)

test completed in 1980.10 Controlling for these characteristics allows us to capture the

impact of initial individual skills on the level of wages.11

In Figure 4 we depict the trajectory of a representative individual from each of the four

groups. In Table E.6 in the Appendix we provide the regression results.12 We compute

this trajectory for each group by setting the covariates at the level of the group’s aver-

age, and by assuming that the college degree is obtained at the average of the maxi-

mum years of non-college experience across all individuals in the group. As expected,

the never college group has the lowest and the early college group has the highest

wage trajectory. The medium group has wages close to the never college group be-

fore graduation while receiving a big college premium upon graduating. They don’t

quite catch up with the early college group. The difference between the early and the

medium college group becomes more pronounced in the first 15 years of experience,

as early graduates have a steeper slope. Interestingly late graduates earn significantly

more than the never college and medium college group before graduation. Their col-

lege premium upon graduating is smaller than that for the medium college group, but

their trajectory after graduation is steeper than for all other groups, thereby gradually

narrowing the wage gap with the early and medium college groups. The wage paths

for these four groups look qualitatively similar when we run regression (B) by gender

and by race, see Figures E.8 and E.9 in the Appendix.
10We selected this set of characteristics as it is also available in the NLSY97 sample and allows us to

keep a relatively large sample from both data sets. The results for 1979 are very similar when using a
broader set of controls.

11This does not account for selection into the different college groups, a process that we do not model
here.

12We also run a regression similar to (B) with pre-college and post-college experience dummies. The
results show that the quadratic in experience captures the shape of the wage trajectories well. See Figure
E.10 in the Appendix.
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Figure 4: Average wage trajectories by group
Notes: Authors’ calculations from NLSY79 data. Each curve shows the predicted wage path against

experience from regression (B) for the representative individual from the early (in blue), medium (in

pink), late (in green) and never college group (in red). The dashed lines show the 95% confidence

intervals.

To see whether the patterns look similar for the four college groups across different

birth cohorts, we run similar wage regressions in the truncated NLSY79 data and the

NLSY97 data. Figure 5 provides these curves: in the left panel for individuals born

in 1957-1964, and in the right panel for those born in 1980-1984. Crucially, Figure 5

indicates that the wage curves for the four groups are qualitatively very similar across

the two samples.

In most datasets, even when it is known whether the individual has a college degree,

the age at which the individual graduated from college is not recorded. This is true

in particular of cross-sectional datasets on which regressions similar to (A) are run.

Consequently, the years of experience before and after college graduation are also un-

known. Therefore, it is only possible to estimate the returns to college education by

running a regression of type (A) for two groups, those who do not have a college de-

gree in the cross-section and those who have a college degree in the cross-section. We

have shown in Figures 4 and 5 that the two assumptions needed for the estimates to be
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Figure 5: Average wage trajectories in NLSY79 and NLSY97
Notes: Authors’ calculations from NLSY79 and NLSY97 data. In each panel the curves show the pre-
dicted wage paths against experience from regression (B) as in Figure 4. The left panel shows these
from the regression on the truncated NLSY79 data, while the right panel shows this from the NLSY97
data.

unbiased, namely that the returns to pre- and post-college experience are the same for

late bloomers and that the wage paths of early college graduates and late bloomers are

the same after graduation, are actually false in the NLSY79. Therefore both estimates

for college and non-college graduates from regression (A) are biased. The resulting

wage paths for college graduates in the cross-section would be a weighted average

of (parts) of 3 of the above 4 curves. The medium and late college graduates would

contribute to the non-college group before they graduate and would contribute to the

college group after graduation.13 This would lead to a flatter college wage curve in the

cross-section than for the early college graduates, and likely an upward-shifted cross-

sectional non-college curve relative to the never college group. This implies that, in

general, the returns to college education estimated in the cross-section will be below

the correctly estimated returns for the early college group, who constitute the majority

of college graduates.

To gauge the magnitude of this error, we estimate (A) for college and non-college

workers and (B) for the early college and the never college groups. To mimic what

13The shape of the cross-sectional college wage path – even if the wage generating process for each
group is unchanged – depends on the share of late graduates at different ages. Therefore the different
share of late bloomers across birth cohorts or years may lead to large changes in the cross-sectional
estimates of the college wage curve across birth cohorts or years. Our simulations show that the shape
of the estimated wage curve differs both across birth cohorts and across years, but the magnitude of
these differences is small.
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can be estimated in most data, we use potential experience instead of experience and

we do not control for any skill measures.14 We then predict the age-income paths, ŷi,j,a,

for college (j = c) and non-college workers (j = n) both from regression (A) (i = A)

and regression (B) (i = B).15 Assuming that college graduates start working at age 22,

and everyone else at 18, the present value of lifetime earnings until age 48 for college

and non-college workers from both these regressions (i ∈ {A,B}) is given by:16

PVi,c =
48∑

a=22

βa−18ŷi,c,a,

PVi,n =
48∑

a=18

βa−18ŷi,n,a.

The estimated returns to college education based on regression i ∈ {A,B} is then

Rc
i ≡

PVi,c − PVi,n
PVi,n

. (2)

Table 6 provides the estimated returns to college in percentage terms based on the two

estimation methods, as well as the extent to which the predictions based on (A) under-

estimate the returns for early college graduates predicted from (B) (also in percentage

terms). As expected the estimated returns based on (A) in the top row are lower than

the estimated returns from (B) in the middle row. The extent of underestimation (in

the bottom row) is on average 27% among all individuals and varies between 23% for

women and other races (non-Black and non-Hispanic), 28% for men, and 35-40% for

Blacks and Hispanics. These patterns are in line with the predicted wage paths for

the different demographic groups, as shown in Figures E.8 and E.9 in the Appendix.

The differences between early graduates and the medium and late graduates are much

more pronounced for men than for women and are also more pronounced for Blacks

and Hispanics than for non-Black, non-Hispanic individuals. These results suggest

that estimating the returns to college education from cross-sectional data, where the

age at graduation is not recorded leads to biased estimates. Specifically, the returns

14Where potential experience is measured as age− 6− years of education.
15We calculate ŷi,j,a = 2080ŵi,j,a, where ŵi,j,a is the predicted hourly wage.
16We truncate at age 48, as there are few observations after this age in the NLSY79, and hence our

predictions for hourly wages at those ages are less reliable.
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are underestimated for the college graduates who follow the standard timing of grad-

uation (our early college graduates), and who are the bulk of college graduates.

all men women Black Hispanic other

Reg. (A) 25.9 31.1 23.0 21.8 27.7 23.7
(.7) (1.5) (2.3) (1.2) (.9) (.9)

Reg. (B) 35.2 43.1 29.8 33.6 45.8 30.8
(.9) (1.8) (3.3) (1.4) (1.0) (1.1)

% underestimation 26.6 27.9 23.0 35.3 39.5 23.1
(3.2) (7.0) (8.7) (4.3) (4.4) (4.8)

Table 6: Returns to college, percent
Notes: Authors’ calculations from NLSY79 data. The table shows the estimated returns to college (in
percent) defined in (2) based on (A) in the top row and based on (B) in the middle row, and for different
demographic groups in the columns. Note that regressions (A) and (B) are run with potential experience
instead of experience and without any control for skills. The bottom row shows by how much the
predicted returns from (A) underestimate the predicted returns of early college graduates from (B), as
a percentage the latter. Standard errors in brackets.

6 Summary and Conclusion

It is a generally well-known fact that most individuals who go to college complete their

education in their early 20s. However, in this paper we document that a large fraction

of individuals does not follow that route and completes their college education well

into their 30s or even later. We carefully investigate the extent of this phenomenon and

the contribution of late bloomers to various measures of interest.

We show that the share of late bloomers among college graduates is large – around

20% – and changes non-monotonically across birth cohorts. We document that the

differentially changing share of late bloomers across cohorts and across demographic

groups contributed to narrowing both the gender and the racial college share gap, de-

spite the fact that for early college graduates the racial gap widened. We also quantify

the contribution of cohort succession – whereby successive cohorts acquire more-and-

more education – and of late bloomers to the increase in the aggregate college share.

We find that the contribution of late bloomers increased from around 50% for the 1960-

1990 period to around 70% for the 1990-2019 period.

Regarding the value of obtaining a college degree later in life, we show that the returns
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to having a college degree differ depending on the age at graduation. Late bloomers

receive a college premium. Moreover, their wage-experience profile becomes steeper.

Nevertheless, their wages stay below the wages of their early college counterparts.

Importantly, we demonstrate that ignoring the existence of late graduates leads to an

underestimation of the returns on average by 27% for those who follow the standard

college graduation timing. Also, the extent of underestimation varies across demo-

graphic groups.

Our findings have important implications. The decomposition of the aggregate in-

crease in the college share indicates that in order to understand the evolution of the

aggregate college share, one must pay particular attention to late bloomers. More im-

portantly, the fact that the share of late bloomers among college graduates changes

non-monotonically across birth cohorts suggests that there might be vastly different

forces that drive early college graduates than those that drive late bloomers. Specifi-

cally, we need to examine the factors that affect the decision making process of indi-

viduals over their life cycle. There seem to be different factors affecting the decisions of

different groups, especially by race and gender, for returning to college. Furthermore,

we need to better understand the changing forces over time, and by group, that lead

to the very distinct patterns of returning to college across the various sub-populations.

This is the topic of further research that we are are engaged in.

Increases in educational attainment are generally viewed as an advantage for innova-

tion, economic competitiveness, and social mobility. However we show in this paper

that the returns to educational attainment vary depending on age at graduation. This

advocates strongly for a better awareness of late bloomers when designing educational

public policy.
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Appendix

A Data selection, variable definitions

The following Census and ACS data was downloaded from IPUMS: 1960 1% sample,

1970 1% form 2 state sample, 1980 1% metro sample, 1990 1% metro sample, 2000 1%

sample, and yearly ACS surveys (1%) for 2001-2019. We keep individuals between 18

and 65 years old at the time of the survey and calculate their birth cohort from the year

of the survey and age. We define education levels based on the detailed highest grade

of school attended or completed variable ‘higraded’ for 1960-1980, and based on the

detailed highest year of school or degree completed ‘educd’ from 1990 onwards. Col-

lege graduates are individuals who completed at least 4 years of college (‘higraded’),

or received a bachelor’s degree or more (‘educd’). We calculate the share of college-

educated workers as the sum of person weights (‘perwt’) among college-educated in-

dividuals divided by the sum of person weights among all individuals. We calculate

this by birth cohort and year, and potentially one or more of the following categories:

gender, race, foreign-born. We use the single race identification variable (‘racesing’) to

determine whether an individual is White, Black, or other. Note that since the share of

individuals in the other category is very small, but increasing over time even within

cohort, we only analyze trends for Black and White categories separately. To identify

foreign and local-born individuals, we use the detailed birthplace variable (‘bpld’) and

code anyone born outside the US as foreign-born. We rely on the attending school

variable (‘school’) to determine whether an individual is attending school in a given

year. We calculate the share of individuals attending school among all individuals

using person weights by birth cohort, year, and also by level of completed education.

We use two releases from the NLSY: from 1979 to 2014 and from 1997 to 2019. Each

release follows a cohort over time. We refer to each of the two cohorts as the NLSY79

and the NLSY97. Individuals in the same cohort may be of different ages: the youngest

individual in the NLSY79 is 14 in 1979 and the oldest is 22, while in the NLSY97 co-

hort, the youngest individual is 12 in 1997, and the oldest is 18. The NLSY79 cohort

is interviewed every year between 1979 and 1994, and every two years between 1994
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and 2014. The NLSY97 is interviewed every year between 1997 and 2013, and every

two years between 2013 and 2019. We exclude from the sample individuals who are

not interviewed every year for the first four years, as well as individuals who are in-

terviewed less than four years in total. The NLSY79 and NLSY97 are not interviewed

over the same time length: the NLSY79 covers 36 years, but the NLSY97 only covers

23 years. To compare the two cohorts – in terms of the share of late bloomers in Sec-

tion 3 or in terms of their returns to education by age of graduation in Section 5, we

truncate the NLSY79 to obtain comparable age distributions in the final year of the

truncated NLSY79 and the NLSY97. We truncate the NLSY79 after 1998; respondents

are between 33 and 41 in 1998 in the NLSY79 and are between 34 and 41 in the NLSY97

in 2019, with an average age of 36 in both.

We use the demographic (race and gender) variables provided in the surveys. We de-

fine education levels based on the highest grade completed: if the individual reaches

16 years of education or more, we consider them a college graduate. To define years

of labor market experience, we rely on the number of hours and weeks worked every

year, as well as the number of months in which the individual reported to be at school

or in college. All three variables are available also when interviews are bi-annual. An

individual gains one year of experience in year t if the four following conditions are

met in year t − 1: they were at least 18, worked at least 800 hours, at least 25 weeks,

and were in education (school or college) for less than 6 months. Non-college ex-

perience is the labor market experience accumulated before the individual graduates

from college, and the college experience is accumulated after they graduate from col-

lege. College experience is set to zero in the year individuals graduate from college.

Non-college graduates have no college experience by construction. We set early col-

lege graduates’ non-college experience to zero, to avoid counting high school summer

jobs as labor market experience. We use the hourly wages provided in the surveys

whenever available and construct them as yearly wages divided by the total number

of hours worked in the year when necessary. Finally, we use the following controls

provided in the surveys: height in centimeters, weight in kilograms, BMI (calculated

from height and weight), the ASVAB numerical operations and coding speed scores,

and a measure of drug usage. All controls are from the first year of the survey. Drug
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usage for the NLSY79 is on a scale of 0 (never used drugs) to 6 (used drugs more than

50 times). The NLSY97 reports a scale of 0 (never used drugs) to 3 (uses drugs often).

Although ASVAB scores are available in more sections, we choose not to use these

because their values are missing for a large share of the NLSY97 respondents.17

When measuring the returns to education by age of graduation in section 5, we im-

pose additional constraints on the data. We run the regression on individuals whose

highest grade completed is known, who work, and who earn a nominal hourly wage

above the federal minimum wage. We deflate nominal wages to perform the analy-

sis on real wages. We exclude individuals whose height, weight, ASVAB numerical

operations and coding speed scores, and drug usage are unknown in 1979 or 1997.

When performing the analysis on NLSY79 only, we cap observations at 25 years of

total labor experience, for reasons of data scarcity. When performing the analysis on

the truncated NLSY79 and NLSY97, we cap at 14 years of experience.

B Late bloomers

B.1 College share by age for different demographic groups – Census

Figure B.1 shows that the same three patterns hold for both men (on the left) and

women (on the right). The two panels also show that the cross-cohort level differences

in college share are much larger for women than for men. In fact, for men, there are

hardly any differences at age 24 across the cohorts born at or after 1946. This shows

how women caught up and overtook men in terms of college education.

Figure B.2 shows that the three patterns hold by gender-race as well.18 Women in-

creased their education more than men among the White and the Black population.

Interestingly, the college share among Black women is higher than among Black men

for all cohorts.
17These sections are general science, arithmetic reasoning, word knowledge, paragraph comprehen-

sion, auto and shop information, mathematics knowledge, mechanical comprehension, and electronics
information.

18In our sample period the only race categories that can be consistently defined are White, Black, and
other. The fraction of individuals in the other category is very small, and their share within a cohort is
increasing over time, implying that the classification of the same individuals must have changed over
time. For this reason, we do not include individuals in the other race category when breaking down the
data by race.
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Figure B.1: College share by age and gender for different cohorts
Notes: Authors’ calculations from Census 1960-2010 and ACS 2001-2009 and 2011-2019. Each curve
shows the share of college graduates for a birth cohort against age for men and for women.
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Figure B.2: College share by age, gender, and race for different cohorts
Notes: Authors’ calculations from the Census 1960-2010 and ACS 2001-2009 and 2011-2019. Each curve
shows the share of college graduates for a birth cohort against age by gender and race.
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B.2 School enrollment in the Census

Figure B.3 provides some direct evidence for the fact that individuals continue to ac-

quire education later in life. The left graph shows the share within a birth cohort

enrolled in school against the age of the cohort. The graph on the right shows the

share within a birth cohort of those who are enrolled in school and already have some

college education. These graphs clearly demonstrate that a significant share of 30, 40,

and even 50 year olds are enrolled in school and that these fractions increase across

birth cohorts (higher fraction at a given age in later-born cohorts).
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Figure B.3: Share enrolled in school by age for different cohorts
Notes: Authors’ calculations from the Census 1960-2010 and ACS 2001-2009 and 2011-2019. Each curve
shows the share enrolled in school for a birth cohort against age. The left panel shows everyone who is
enrolled in school, the right only those who already have some college education.

B.3 College share by age and place of birth

Figure B.4 shows the share of college-educated individuals in the Census and ACS

for different birth cohorts as they age, among local-born individuals (on the left) and

foreign-born (on the right). The main takeaway is that the patterns we document

hold among the local-born population, implying that the increasing share of college-

educated individuals as a birth cohort ages is not due to immigration. Interestingly,

similar patterns hold for foreign-born individuals of the later cohorts, whereas the age

gradient flattens out after age 35 for cohorts born before 1970.
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Figure B.4: College share by age and place of birth for different cohorts
Notes: Authors’ calculations from the Census 1960-2010 and ACS 2001-2009 and 2011-2019. Each curve
shows the share of college graduates for a birth cohort against the age of the cohort for local-born in the
left panel and for foreign-born in the right panel.

B.4 The impact of mortality differences

While there is some evidence that mortality is higher for individuals with lower edu-

cational attainment, the difference is not large enough to account for the pattern ob-

served in the data. Roy et al. (2020) use as their primary outcome of interest years

of potential life lost (YPLL). Using a rather innovative multivariable model, they con-

clude that indeed, each level of education achieved is associated with 1.37 fewer YPLL

(P = .007). They also conclude that race was also associated with YPLL. Nevertheless,

the magnitude indicates that the differences in education outcomes we observe in the

data cannot possibly be explained by mortality differences. To illustrate the magni-

tude of mortality differences we provide Figure B.5. This figure is computed using

information from three different sources. First, we use the life tables from the Na-

tional Vital Statistics Report for 2011, in which we have information about mortality

rates by race. Second, we use the annual life table statistics provided by the National

Vital Statistics Reports for all years. Finally, we use relative mortality rates by race,

ethnicity, and education reported in Brown et al. (2002). These three sources make

it possible to calculate the annual survival rate for several important groups, namely

Whites with less than high school education (LTHS), Whites with high school degree,

but did not complete a four-year college degree (HS+), and Whites with a college de-
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gree (CG). For Blacks we can calculate these probabilities for those with less than high

school education and those with more than high school education, including college

(HS+CG). For Hispanics we are not able to distinguish between the various levels of

education. Finally, we can compute the probabilities for women and men.19 We then

simulate the number of surviving individuals for each of the groups described above

starting from a population of 10,000 individuals at age 25. The surviving population

against age for these groups is depicted in the left panel of Figure B.5 for men and in

the right panel of Figure B.5 for women. We can see that there are large differences

across the groups. For example, there is a huge difference between the White college

graduate and the Black with less than high school group. Nevertheless, these differ-

ences are far too small to raise the percentage of college graduates in the data to the

extent that is observed in the data. To illustrate this, consider a population of 5,000

individuals who are 25 years old, 4,000 of whom are White women, while 1,000 are

Black women. Also, assume that among the White women 30% are college graduates,

and among the Black women 15% are college graduates. The differential in survival

rates would lead to the fact that after 20 years among White women, 30.6% would

be college graduates, while among Black women 15.6% would be college graduates.

These are all very small changes relative to the changes observed in the data. Below

we provide the
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Figure B.5: Simulated surviving population by gender, race and education

Notes: Authors’ simulations based on several data sources, as described in the text.

19The resulting mortality rate tables by gender, education, and race are available on request.
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B.5 College share by age for different demographic groups – NLSY

Figure B.6 shows that these facts hold both for men and for women, and that, as in the

Census, the college share among women increased both due to a higher initial college

share (age 24) and due to a steeper age-gradient in educational attainment.
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Figure B.6: College share by age and gender in the two NLSY cohorts
Notes: Authors’ calculations from the two releases of the NLSY. In both panels the two curves show the
share of college graduates against age for individuals from the NLSY79 (in blue) and the NLSY97 (in
red). The left panel shows this among men, the right among women.

Figure B.7 shows that these facts hold both among the Black, the Hispanic, and the

non-Black non-Hispanic population.
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Figure B.7: College share by age and race in the two NLSY cohorts
Notes: Authors’ calculations from the two releases of the NLSY. In all panels the two curves show the
share of college graduates against age for individuals from the NLSY79 (in blue) and the NLSY97 (in
red). The left panel shows this among Hispanics, the middle among Blacks, and the right among the
non-Hispanic non-Black population.
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C Share of college graduates by age

Table C.1 shows – for different birth cohorts in each row, and for different subgroups

of the cohort in each column – the share of those who get a college education by age 30

in the top, by age 50 in the middle, and the difference between the two in the bottom

panel. The bottom panel of the table shows that the share of college graduates has

increased almost monotonically across these birth cohorts, except for the 1960 birth

cohort, which has a lower college share than the 1950 birth cohort for Whites and for

men, and a slower rate of increase for Blacks and for women. Table C.2 shows the same

all men women Whites Blacks

cohort college share at age 30

1930 11.2 14.9 7.6 12.0 4.3
1940 14.6 18.2 11.2 15.5 5.3
1950 24.3 27.9 20.8 25.6 11.8
1960 22.6 23.0 22.1 23.5 12.2
1970 28.9 27.4 30.5 29.5 15.7

college share at age 50

1930 14.5 18.8 10.5 15.3 7.1
1940 20.3 24.5 16.4 20.9 10.4
1950 29.4 31.8 27.1 30.6 17.5
1960 27.0 26.2 27.8 27.5 18.5
1970 35.5 33.4 37.6 36.0 24.9

share graduated between age 30 and 50

1930 3.3 3.9 2.9 3.3 2.9
1940 5.7 6.3 5.2 5.5 5.1
1950 5.1 3.9 6.3 5.0 5.7
1960 4.4 3.2 5.6 4.1 6.4
1970 6.7 6.1 7.1 6.5 9.2

Table C.1: Share of college graduates by age, gender and race
Notes: Authors’ calculations from the decadal Census for 1960-2010 and ACS data for 2019. The table
shows the share of college graduates for different demographic groups in each column and for different
birth cohorts in each row. The top panel shows the share of college graduates at age 30, the middle
panel at 50, and the bottom panel is the difference between the top two panels.

measures in the NLSY79, the NLSY97, and the truncated NLSY79, which is truncated

in 1998, to make its age range comparable with that of the NLSY97.
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all men women Hispanics Blacks others

NLSY sample share at age 24

1979 19.4 19.3 19.5 7.8 9.7 22.0
1997 28.7 23.8 33.7 15.8 15.8 33.8

share between age 25 and 29

1979 3.5 3.6 3.4 3.5 2.8 3.6
1997 5.9 5.3 6.6 5.7 5.7 6.0

share at or after 30

1979 4.6 3.3 5.9 4.2 5.3 4.5
1979 truncated 2.1 1.7 2.5 1.9 1.7 2.2
1997 4.7 4.1 5.4 5.4 6.2 4.3

Table C.2: Share of college graduates by age, gender and race, NLSY
Notes: Authors’ calculations from NLSY79 and NLSY97. The share of college graduates is shown for
different demographic groups (columns), for different samples (rows), and at different ages (panels).

D Shift-share decomposition by decade and demographic groups
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aggregate entry exit shift between within
change cohort cohort

men

1960-1970 4.3 1.5 0.9 0.2 2.6 1.7
1970-1980 6.9 1.8 1.4 0.2 3.4 3.5
1980-1990 3.1 -1.3 1.8 0.1 0.6 2.5
1990-2000 2.2 -0.7 0.8 -0.1 0.1 2.2
2000-2010 1.6 -0.6 0.2 -0.1 -0.5 2.1
2010-2019 3.3 0.1 -0.9 0.0 -0.8 4.2

women

1960-1970 2.7 1.3 0.4 0.0 1.6 1.1
1970-1980 5.3 2.9 0.5 0.1 3.4 1.9
1980-1990 5.7 1.1 1.6 0.1 2.8 3.0
1990-2000 5.6 1.2 1.7 0.1 3.0 2.7
2000-2010 5.2 1.2 1.4 0.0 2.7 2.5
2010-2019 6.0 1.2 1.0 0.1 2.3 3.7

Blacks

1960-1970 1.4 0.4 0.3 0.0 0.7 0.8
1970-1980 4.4 1.4 0.3 0.0 1.7 2.7
1980-1990 3.2 -0.3 0.7 0.1 0.5 2.7
1990-2000 2.9 -0.1 0.6 0.0 0.5 2.4
2000-2010 3.8 -0.1 0.4 0.0 0.3 3.4
2010-2019 4.7 -0.2 0.2 0.0 0.0 4.7

Whites

1960-1970 3.6 1.5 0.7 0.1 2.2 1.4
1970-1980 6.1 2.6 1.0 0.1 3.7 2.5
1980-1990 4.6 0.0 1.9 0.1 2.0 2.6
1990-2000 3.9 0.2 1.4 0.0 1.6 2.3
2000-2010 3.0 0.2 0.9 0.0 1.1 1.9
2010-2019 4.3 0.6 -0.2 0.0 0.5 3.8

Table D.3: Aggregate college share change decomposition by gender & race
Notes: Authors’ calculations from the Census for 1960-2010 and ACS data for 2019. The table shows the
decomposition in (1) by gender and by race.

E Returns to college by age at graduation

E.1 HGC and work experience by college groups

Table E.4 reports the average highest grade completed and work experience by college

group at different ages for the NLSY79, truncated NLSY79 and NLSY97 cohorts. The

earlier the graduation, the higher the grade completed at every age, and the less the

work experience.
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highest grade completed work experience

at age 20 22 24 26 28 22 26 30

NLSY79

early 13.90 15.51 16.29 16.57 16.75 0.05 0.08 0.08
medium 13.19 13.95 14.63 15.52 16.09 0.48 1.29 1.44
late 12.65 13.02 13.26 13.40 13.60 0.92 2.92 5.03
never 11.72 11.88 11.95 12.00 12.04 1.13 3.58 6.15

NLSY97

early 13.86 15.66 16.62 17.12 17.42 0.11 0.14 0.14
medium 12.91 13.69 14.26 15.51 16.40 0.77 1.72 1.84
late 12.38 12.76 12.93 13.19 13.92 1.10 2.79 4.02
never 11.58 11.77 11.83 11.88 11.96 1.47 3.72 6.02

Table E.4: Work experience and highest grade completed by age and college group
Notes: Authors’ calculations from NLSY79 and NLSY97. Columns 1-5 show the average of the highest
grade completed, columns 6-9 show the average years of work experience before completing college at
different ages, in the 4 college groups in each row. Both are computed using sampling weights.

E.2 Descriptive statistics

Table E.5 presents the sample means of the variables used in the regression analy-

sis for the NLSY79, the truncated NLSY79, and the NLSY97 cohorts. In the NLSY79,

the difference in average maximum non-college experience is especially stark between

medium and late college graduates: medium college graduates have little experience

before they finish college (1.32 years), and accumulate college experience similarly to

early college graduates (15.99 years and 17.69 years). Meanwhile, late college gradu-

ates accumulate much more non-college experience (10.13 years), and less post-college

experience (8.89 years). This difference in human capital accumulation is the reason

why we find it important to distinguish between these two groups. Similar observa-

tions can be made about the truncated NLSY79 and the NLSY97. Note that in the last

year of both the truncated NLSY79 and the NLSY97, individuals are at least 33 and at

most 41 years old, and on average 36 years old. This implies that all early and medium

graduates have already graduated, but some late graduates from the NLSY79 still ap-

pear in the never college group in the truncated NLSY79. Also, note that individuals

who do not report a wage over the time span of each cohort are not accounted for

in this table. This time span is 20 years in the truncated NLSY79 and 36 years in the
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early medium late never

NLSY79

# individuals 1,607 329 446 8,159
# observations 22,954 5,686 8,168 115,538
mean max exp non-college - 1.32 10.13 2.13
mean max exp college 17.69 15.99 8.89 -
share women 0.53 0.49 0.65 0.55
share Black 0.16 0.23 0.32 0.20
share Hispanic 0.07 0.17 0.16 0.10
mean ASVAB coding speed 53.40 48.48 47.89 51.69
mean ASVAB numerical operations 40.78 36.82 36.54 39.44
mean weight (kg) 65.49 65.30 64.38 65.25
mean height (m) 1.72 1.71 1.69 1.71
mean BMI 22.12 22.18 22.45 22.19
median drug use 0 0 0 0

NLSY79 truncated

# individuals 1,606 328 204 8,353
# observations 16,781 4,282 2,709 91,140
mean max exp non-college - 1.32 5.14 0.75
mean max exp college 9.29 6.65 2.73 -
share women 0.53 0.49 0.61 0.53
share Black 0.16 0.23 0.25 0.18
share Hispanic 0.07 0.16 0.16 0.09
mean ASVAB coding speed 53.42 48.55 48.60 52.21
mean ASVAB numerical operations 40.78 36.84 37.05 39.82
mean weight (kg) 65.48 65.28 65.05 65.41
mean height (m) 1.72 1.71 1.70 1.71
mean BMI 22.11 22.18 22.33 22.15
median drug use 0 0 0 0

NLSY97

# individuals 1,594 359 291 3,417
# observations 14,544 4,603 3,448 4,0167
mean max exp non-college - 1.80 4.98 1.04
mean max exp college 8.84 6.01 1.63 -
share women 0.59 0.55 0.59 0.58
share Black 0.15 0.23 0.34 0.19
share Hispanic 0.11 0.19 0.20 0.14
mean ASVAB coding speed 7828.15 6623.88 6620.64 7478.90
mean ASVAB numerical operations 19889.14 17455.93 17204.02 19151.67
mean weight (kg) 57.55 58.21 59.68 57.93
mean height (m) 1.65 1.64 1.64 1.65
mean BMI 21.02 21.38 22.03 21.21
median drug use 0 0 1 0

Table E.5: Descriptive statistics by college group
Notes: Authors’ calculations from the NLSY79 and the NLSY97. The sample is the same as the one used
in Table E.6, see appendix A.

NLSY79, which is why the latter contains more individuals than the former.
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E.3 Regression results

Table E.6 presents the estimation results of equation (B) on the NLSY79, the truncated

NLSY79, and the NLSY97. These are the estimated coefficients we use to construct the

wage paths presented in Figures 4 and 5.

log wage

early medium late never

NLSY79

const 4.216 2.479 1.798 3.169
(.444) (.760) (.617) (.128)

expn - .034 .050 .043
(.012) (.003) (.001)

exp2
n - -.004 -.001 -.001

(.002) (.000) (.000)
D - .332 .196 -

(.019) (.019)
expc .081 .062 .046 -

(.002) (.004) (.005)
exp2

c -.002 -.001 -.001 -
(.000) (.000) (.000)

Nb. obs 22,954 5,686 8,168 115,538
R2 0.274 0.390 0.305 0.227

Truncated NLSY79

const 4.595 2.027 1.955 3.174
(.495) (.821) (.989) (.144)

expn - .058 .089 .052
(.013) (.009) (.001)

exp2
n - -.009 -.006 -.002

(.003) (.001) (.000)
D - .335 .208 -

(.019) (.029)
expc .104 .057 .012 -

(.003) (.009) (.023)
exp2

c -.004 -.002 .004 -
(.000) (.001) (.004)

Nb. obs 16,781 4,282 2,709 91,140
R2 0.192 0.280 0.200 0.170

NLSY97

const 4.087 .081 2.824 2.302
(.377) (.612) (.636) (.146)

expn - .080 .093 .087
(.012) (.007) (.002)

exp2
n - -.012 -.005 -.003

(.002) (.001) (.000)
D - .371 .344 -

(.020) (.026)
expc .104 .087 .027 -

(.004) (.010) (.027)
exp2

c -.004 -.003 .000 -
(.000) (.001) (.005)

Nb. obs 14,544 4,603 3,448 40,167
R2 0.187 0.352 0.259 0.220

Table E.6: Estimates from equation (B)
Notes: All regressions contain gender and race fixed effects as well as individual time-invariant con-
trols.
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E.4 Returns to college education by gender and race

Figure E.8 shows the wage trajectory for the representative individual from each col-

lege group when equation (B) is estimated separately by gender on the NLSY79. They

reveal different dynamics for women and men. First female early graduates’ returns

to experience are flatter and start lower than male early graduates’. Second, female

medium graduates do catch up with female early graduates, while this is not true of

male medium graduates. Finally, male late graduates experience a steeper increase

in their returns to experience after they obtain their college degree than female late

graduates do.
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Figure E.8: Average wage trajectories by college group for men and women
Notes: Authors’ calculations from the NLSY79. The two panels show for men and women the predicted
wage paths against experience from regression (B) for the representative individual of the early (in
blue), medium (in pink), late (in green) and never college group (in red). The dashed lines show the
95% confidence intervals.
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Figure E.9: Average wage trajectories by college group and race
Notes: Authors’ calculations from the NLSY79. Each panel shows for the given race/ethnicity the
predicted wage paths against experience from regression (B) for the representative individual of the
early (in blue), medium (in pink), late (in green) and never college group (in red). The dashed lines
show the 95% confidence intervals.
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Figure E.9 shows representative wage paths for Hispanics, Blacks, and non-Hispanic,

non-Black individuals in each of the four college groups from the NLSY79. We also ob-

serve disparities between races. First, the gap between medium and early graduates

is wider among Hispanics, and then Blacks. Second, Black late graduates accumulate

more labor market experience than other races before obtaining a college degree, al-

though it does not shift their wage paths higher once they obtain their college degree.

Figure E.10 shows the predicted wage paths for each college group from the following

regression:

logwit = α +
30∑
s=0

βs,nI{expn,it == s}+
30∑
s=0

βs,cI{expc,it == s}+ γ′Xi + εit. (3)

This equation is very similar to (B) except that instead of assuming that experience

affects wages in a quadratic way, we allow for each year of experience to have a dif-

ferent effect on wages. Note also that in this case the college completion dummy can

be omitted, as it will be subsumed in the relevant βs,c. The predicted wage paths are

very similar to those in Figure 4, suggesting that the assumption of a quadratic effect

of experience on log wages is not overly restrictive.
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Figure E.10: Average wage trajectories by group
Notes: Authors’ calculations from the NLSY79. Each curve shows the predicted wage path against
experience from regression (3) for the representative individual of the early (in blue), medium (in pink),
late (in green) and never college group (in red). The dashed lines show the 95% confidence intervals.
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