Better Late Than Never:
Delayed Undergraduate Enrollment and Financial Aid*

Emily G. Moschini’ Gajendran Raveendranathan®

February 11, 2025

Abstract

We study delayed undergraduate enrollment as a margin for overcoming college
financing constraints and its interaction with financial aid. Using data on the United
States, we provide new evidence that a quarter of those who enroll in a bachelor’s
degree delay it by at least a year after high school completion, and that delay is more
common among enrollees from poor families or with low skill. We build a model of
delayed enrollment with financing constraints that rationalizes these facts. An experi-
ment in which we expand the loan limit reveals that the resulting increase in immedi-
ate enrollment stems mostly from those shifting out of delayed enrollment rather than
non-enrollees switching into enrollment.
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1 Introduction

Existing studies that have pioneered the development of college enrollment choice models assume
that enrollment is a once in a lifetime decision.! In this paper, we show that this assumption is
highly at odds with the data and that relaxing it improves our understanding of financial aid pol-
icy. Specifically, we document new empirical facts on the delayed enrollment margin—that is,
enrollment in college at least a year after high school completion. We then incorporate the option
to delay college enrollment into a quantitative model of college enrollment choice with financ-
ing constraints, examine its economic tradeoffs, and illustrate how the option to delay enrollment

matters for policy analysis by analyzing a counterfactual loan limit expansion.

Our main empirical insights into the magnitude and cross-sectional patterns of delayed college
enrollment are based on the 1997 National Longitudinal Survey of Youth (NLSY97). We show
that it is common to delay enrollment by at least one year after high school graduation: more than
25 percent of those who eventually enroll in a bachelor’s degree (BA) delay their enrollment. In
addition, many delay by a significant amount of time: 12 percent of all enrollees delayed enroll-
ment by at least five years.> Furthermore, among college enrollees, those who are poor or have
lower skill are more likely to delay enrollment in comparison to their peers. Taken together, the
magnitude and cross-sectional patterns of delayed enrollment indicate that delay is aligned with

economic incentives.>

Motivated by this empirical evidence, we extend a quantitative college enrollment choice model to
allow for delayed enrollment with financing constraints. Our framework also includes rich details
of college financing incorporated into other frontier models in this literature, such as a federal
student loan program with subsidized and unsubsidized loans, Pell grants, and endogenous family
transfers. Furthermore, lifetime returns to education are skill-specific: in the model, skill affects
both college graduation likelihood and the wage premium for a college degree in an empirically

disciplined way.

The model is calibrated to the U.S. economy so that it matches key patterns related to delayed
enrollment by year since high school completion. First, we use our calibrated model to gain insight
into the economics of delayed enrollment, and validate the model by showing that the option to
delay enrollment leads to equilibrium outcomes consistent with the data. Second, we use the model

to illustrate the relevance of delayed enrollment for financial aid policy analysis via a counterfactual

IFor the early papers, see Caucutt and Kumar (2003) and Ionescu (2009); for the more recent ones, see Abbott,
Gallipoli, Meghir, and Violante (2019) and Krueger, Ludwig, and Popova (2024).

2Unless otherwise stated, in this paper, delayed enrollment refers to enrollment delayed by at least one year since high
school completion.

3We also use the High School Longitudinal Survey of 2009, a nationally representative sample of 2009 9th graders, to
document a similar pattern. The NLSY97 is our main data source because it has a longer panel dimension.



federal student loan limit expansion in which the status quo limit is expanded by one hundred

percent.

In our model, high school graduates differ in their initial assets (determined largely based on
parental income), skill endowment, earnings potential, and eligibility for need-based federal aid.
We show that high school graduates from low income families or with low skill are more likely
to delay enrollment. The reason is financing constraints. Those from low-income families will
experience a larger consumption loss by enrolling in college immediately in comparison to their
peers from high-income families. Those with low skill have lower returns to education in com-
parison to their high-skill peers, which interacts with financing constraints. As a result, in our
model, financing constraints provide an incentive for high school graduates from low-income fam-
ilies or with low skill to not enroll immediately. Instead, this population accumulates assets over
their early years of adulthood to overcome the costs of financing constraints, resulting in delayed

enrollment.*

We validate the economics of our baseline calibration by showing that the resulting equilibrium
can account for empirical enrollment patterns observed in the cross-section by skill and parental
income. The financing constraints in our model result in immediate enrollment rates that are in-
creasing in parental income controlling for skill. This pattern of immediate enrollment is consistent
with that observed in the NLSY97. The option to delay enrollment results in delayed enrollment
that decreases in income controlling for skill and in skill controlling for income for the population
of enrollees in a cohort of high school graduates. This pattern is also consistent with that observed
in the NLSY97.

Before proceeding into the loan limit expansion counterfactual experiment, we perform two model
validation exercises that lend credibility to the model’s implications for changes in enrollment and
welfare from the counterfactual experiment. First, we test the enrollment rate’s responsiveness
to changes in financial aid policy: for a $1,000 subsidy, the model produces a response in the
enrollment rate comparable in magnitude to that observed in the data.’> Second, we show that the
model generates a college wage premium that is increasing in skill, which is consistent with the
data. We view this as affirming that the calibrated model produces credible skill-specific returns to

education.

In our main experiment, we double the federal student loan limit. This policy change generates a

“In the current version of the paper, there is only one kind of postsecondary education: a bachelor’s degree. Apart
from financing constraints, however, sub-baccalaureate programs also seem to be important in the context of delayed
enrollment: as shown in Table A5 of Appendix A.1, roughly 75 percent of delayed enrollees had previously enrolled
in a sub-baccalaureate program. The next revision will explore this channel both empirically and theoretically.

>We do not consider a model validation exercise in which the loan limit is changed because there are no widely
accepted empirical estimates from such a quasi-experiment.



large increase in the immediate enrollment rate among high school graduates of 13.83 percentage
points. However, more than 75 percent of this increase is accounted for by delayed enrollees in the
initial equilibrium substituting towards immediate enrollment, as opposed to inflows from those
who would have never enrolled in the initial equilibrium. Our model framework thereby uncovers

nuance in the impact of a financial aid policy expansion on college enrollment.

Our policy analysis is able to offer new insights by relaxing a common assumption made in related
studies. Specifically, in the macroeconomic literature that analyzes college financial aid policies,
a key variable for analysis is the college enrollment decision because the welfare impact of policy
changes depends in large part on how enrollment responds. The existing literature models the col-
lege enrollment decision as a once-in-a-lifetime decision made by a young adult immediately after
high school graduation. Examples include Caucutt and Kumar (2003), Ionescu (2009), Chatterjee
and Ionescu (2012), Krueger and Ludwig (2016), Ionescu and Simpson (2016), Abbott, Gallipoli,
Meghir, and Violante (2019), Matsuda (2020, 2022), Colas, Findeisen, and Sachs (2021), Kim and
Kim (2023), Luo and Mongey (2024), Moschini, Raveendranathan, and Xu (2024), Vardishvili
(2024), Krueger, Ludwig, and Popova (2024), Hendricks, Koreshkova, and Leukhina (2024), and
Moschini and Raveendranathan (2024). Building on these studies, we allow consumers to de-
lay college enrollment in a model with financing constraints, and quantify the importance of this

margin for the analysis of college financial aid policy.

Our empirical analysis of delayed enrollment contributes to a growing body of evidence that fi-
nancing constraints for post-secondary education are binding. In particular, Lochner and Monge-
Naranjo (2011) document that enrollment in post-secondary education is increasing in income
controlling for skill for the NLSY79 and NLSY97 cohorts; this enrollment pattern is viewed as
consistent with the presence of financing constraints, although it is not direct evidence. Moschini
and Raveendranathan (2024) document a similar pattern for a third and more recent cohort of high
school graduates using the High School Longitudinal Study of 2009 (HSLS:09). For evidence
that is somewhat more direct, Wei and Berkner (2008) find that roughly 73 percent of dependent
Stafford loan borrowers took out the maximum federal loan in 2003-04, and Moschini, Raveen-
dranathan, and Xu (2024) show that roughly 30 percent of juniors in a BA fully utilized their

federal student loan limit in 2016.

More broadly, our paper contributes to the literature highlighting novel margins of adjustment.
For example, Kehoe and Ruhl (2013) show that a key margin of adjustment during trade growth
comes from least traded products. Herreno and Ocampo (2023) analyze the margin of subsistence
self-employment in the context of credit constraints in emerging economies. Another example is
Briiggemann, Mahone, and Palmer (2024), who emphasize the importance of firm resale as a mar-

gin of adjustment as opposed to firm exit. Our study makes a parallel contribution by highlighting



the significance of the delayed enrollment margin for the post-secondary education literature.

This paper proceeds as follows. In Section 2 we present our main empirical findings from the
NSLY97. Section 3 presents our model framework, and Section 4 the model parameterization.
Section 5 reports the results from the model parameterized to the U.S. economy, and Section 6

concludes.

2 Data

Our main source of data is the 1997 National Longitudinal Survey of Youth (Bureau of Labor
Statistics, U.S. Department of Labor, 2019). We use cleaned data from 1997 to 2019 on respon-
dents who receive a high school diploma between the ages of 17 and 19, and are observed in each
wave until they turn 30. We also require that the Armed Services Vocational Aptitute Battery score
(ASVAB), our preferred measure of skill, and parental income in 1997 be observed. Using this
sample, we construct a variable that records the years between receiving a high school diploma
and bachelor’s degree (BA) enrollment. This variable also records whether the respondent is never

observed as having enrolled in a BA.

Summary statistics and the magnitude of delayed enrollment Table 1 reports summary statis-
tics of the cleaned sample, both overall (column 1) and by parental income tercile (columns 2 to
4). For each group, the first four rows of the table report the average ASVAB score, real parental
income in 1997, the share female, and the age in 1997. The last three rows report the share who
ever enroll in a BA, followed by the share who immediately enroll (within 1 year of completing
high school), and, conditional on ever enrolling in a BA, the share who delay their BA enrollment

by enrolling one year or more after high school completion.

The pooled sample ("All") of Table 1 shows that the delayed BA enrollment margin is sizable.
In the cohort of high school graduates, 45 percent enroll immediately within a year since high
completion, whereas 17 percent delay enrollment by at least a year. As a result, delayed enrollment
accounts for more than 25 percent of total inflows into enrollment.® Figure A1 of Appendix A.1.2

shows that many delay undergraduate enrollment for a significant amount of time.

How do those who enroll in a BA immediately after high school compare with those who delay

enrollment? The last two columns of Table 1 report descriptive statistics for the subgroup of

Typically, the National Center for Education and Statistics (NCES) reports college enrollment rates for 18 to 24 year
olds. This variable measures the share of 18 to 24 year olds that are enrolled at a given point in time. As a result,
this statistic is not informative about the extent of delayed enrollment. We report inflow rates into enrollment for a
given cohort of high school gradates, overall and by year since high school completion, so that we can document the
magnitudes of delayed enrollment.



those enroll immediately and the subgroup of those who delay enrollment. Comparing these two
columns, it is evident that those who delay have lower skill and lower average family income,

compared to their peers who enroll immediately after high school.

Table 1: Summary statistics overall and by subgroups

BA enrollment timing

Variable All Immediate Delayed
Skill (ASVAB) 54.19 69.59 53.35
Real parental income in 1997 135,891 95,162 67,724
Female 0.55 0.56 0.57
Age in 1997 14.19 14.13 14.23
Ever enroll 0.62 1.00 1.00
Immediately enroll 0.45 1.00 0.00
Delayed enroll 0.17 0.00 1.00
Delayed enr | Ever enr 0.27 0.00 1.00
Observations 2,589 1,170 430

Notes: This table reports summary statistics for high school graduates overall (column 1) and for BA enrollees by
enrollment timing (columns 2 and 3). Source: NLSY97.

Delayed enrollment, parental income, and skill Among high school graduates, skill, BA en-
rollment, and BA enrollment timing are related to parental income. Do parental income or sample
member skill predict ever enrolling in a BA, or delayed enrollment among those who ever enroll,
holding the other attribute fixed? To examine this relationship, Table 2 presents Average Marginal
Effects (AME:s) for three probit regressions, with regression coefficients presented in Table Al of
Appendix A.1.1.

Model (1) predicts ever enrolling in a BA as a function of parental income tercile and skill tercile,
where for each variable the AMEs are computed relative to the top tercile. The AMEs indicate
that, on average and holding other attributes fixed, relative to the top tercile of parental income the
likelihood of ever enrolling in a BA is 15.2 percentage points lower for those in the lowest parental
income tercile. Similarly, relative to the top skill tercile, the likelihood of enrolling in a BA is
48.4 percentage points lower for those in the lowest skill tercile. These AMEs are statistically

significant at the one percent level.

Model (2) reports AMEs for a similar regression on the same sample of high school graduates,
where the dependent variable is an indicator for delayed enrollment. The AMEs indicate that,
relative to the top income tercile, delayed enrollment is more likely for those with lower income
among high school graduates, although the second tercile is not statistically significant. As for
skill, relative to the top skill tercile, the lowest skill tercile has an AME that is not statistically
different from zero, while the second skill tercile has a statistically significant 7.2 percent higher

probability of delaying enrollment.



Conditioning on ever enrolling in a BA, as we do for the sample of Model (3), clarifies the rela-
tionship between income, skill, and delayed enrollment. The results indicate that, among those
who eventually enroll in a BA, those in the lowest parental income bin are 15.6 percentage points
more likely to delay BA enrollment compared to sample members from the top parental income
tercile. In regards to skill, those in the lowest skill tercile are 23.9 percentage points more likely to
delay BA enrollment compared to sample members from the top skill tercile. Both AMEs are also

statistically significant at the 1 percent level.

Table 2: Average Marginal Effects: Predicting Ever Enrolling and Delayed Enrollment

Variable (1) Ever (2) Delayed (3) Delayed
Flag: Income tercile 1 -0.152 0.0483 0.156
(0.0230) (0.0189) (0.0293)
Flag: Income tercile 2 -0.102 0.0272 0.0777
(0.0214) (0.0172) (0.0245)
Flag: Skill tercile 1 -0.484 -0.0141 0.239
(0.0229) (0.0176) (0.0360)
Flag: Skill tercile 2 -0.220 0.0717 0.173
(0.0207) (0.0183) (0.0249)
Observations 2,589 2,589 1,600
Sample HS graduates  HS graduates  Ever enrolled

Notes: This table reports probit regression AMEs for (1) the likelihood of ever enrolling in a BA, conditional on
receiving a high school diploma, (2) the likelihood of delayed BA enrollment conditional on receiving a high school
diploma, and (3) the likelihood of delayed enrollment in a BA (at least one year after high school completion) condi-
tional on ever enrolling. Standard errors in parentheses. Source: NLSY97.

In Appendix A.2.2, we use the High School Longitudinal Survey of 2009 (National Center for
Education Statistics, U.S. Department of Education, 2020), a nationally representative sample of
2009 9th graders, to document a similar pattern more than 10 years after the NLSY97’s main
enrollment window. In particular, we find that in the HSLS:09 being from a lower parental income
tercile or having lower skill is associated with a lower likelihood of enrolling in a BA. We also find
that, conditional on ever enrolling, being from a lower parental income tercile is associated with a
higher likelihood of delaying enrollment. Additionally, skill’s AMEs (where skill in the HSLS:09
is measured with high school GPA rather than ASVAB) exhibit patterns similar to the analogous
results from the NLSY97.

Overall, the results discussed here show that high school graduates from poorer families or with
lower skill delay enrollment as a means to achieve a bachelor’s degree education. In the next
section, we build a model of college enrollment with financing constraints in which enrollment

timing is endogenized.



3 Model

Building on our empirical findings, we extend the overlapping generations model of Moschini
and Raveendranathan (2024) to incorporate a delayed college enrollment option for high school
graduates. In our model, high school graduates may delay enrollment to overcome financial con-
straints. We abstract from college financial aid application frictions, the focus of Moschini and
Raveendranathan (2024).

This section is organized as follows. Section 3.1 provides an overview of the agent problems. Sec-
tion 3.2 presents consumer value functions before and while enrolled in college; value functions
after the highest level of education is completed are in Appendix B.1. Appendix B.2 presents ad-
ditional functional forms and the equilibrium definition. Appendix B.3 presents the computational

algorithm.

3.1 Overview

Time is discrete and runs forever; each period lasts one year. The economy contains heterogeneous

overlapping generations of consumers, a government, and a final goods firm.

3.1.1 Consumers

Consumers start making decisions when they turn 18 at model age 7 = 1. Adults survive each

period with probability ?);, and live for a maximum of J periods.

At the start of adulthood, the consumer is indexed by their skill endowment, s, stochastic idiosyn-
cratic earnings productivity, 7, initial net assets, a, and Expected Family Contribution, f. The skill
endowment of a new adult is drawn once from a uniform distribution. Skill indexes the college en-
rollment option shock, ¢(s), which is a permanent one-time draw.” It also indexes the exogenous
probability of being allowed to continue in each year of college for enrollees, p(s), grants from
privates sources, 67" (s), grants from public sources other than Pell, §°""(s), the deterministic life
cycle component of earnings, ¢; . 5, and Social Security transfers, ss. ;. The idiosyncratic stochas-
tic component of earnings follows an AR(1) process that depends on completed education, e. Net
assets at the start of adulthood are determined by a one-time inter vivos transfer from the con-
sumer’s parent, and are recorded with @ > 0. The Expected Family Contribution (EFC), depends
on the income and assets of each 18-year-old’s parents, as well as on whether the enrollee qualifies

for a professional judgment by the aid administrator, as described in more detail in Section 3.1.2.

"The shock captures unmodelled reasons that lead a consumer to not go to college such as personal preference and
lack of acceptance by a college they would like to enroll in.



A consumer who receives the college enrollment option shock may enroll in the current period or in
a future period. While enrolled, college students incur a non-pecuniary effort cost, A, but also ben-
efit from an age-specific non-pecuniary consumption value of college, C'V(j). Non-discretionary
college expenses include only tuition and fees, x; these expenses can be financed with federal stu-
dent loans (the only form of debt in the model) where the stock of debt is recorded with a < 0, inter
vivos transfers from parents, earnings from work while enrolled, Pell grants (described in Section
3.1.2), other public grants, and private grants. Completed education recorded with e = h indicates
a college graduate with a high level of education, whereas e = ¢ indicates a consumer with a low
level of education either because they never enrolled in, are currently enrolled in, or have dropped
out of college. Completed education indexes the return to labor supply, w., the deterministic com-
ponent of life cycle earnings, ¢; . 5, the parameters for the AR(1) process for earnings, that is, the

persistence, p,., and the variance, ag, and Social Security transfers, ss ;.

Repayment of federal student loans begins after an agent leaves college (as a dropout or graduate);
subsidized federal loan balances have interest assessed starting at this stage, whereas interest ac-
crues on unsubsidized federal loan balances during college as well. During the repayment phase,
consumers choose between making a full payment, d; = 0, and delinquency, dy = 1. A full
payment implies that the consumer must make a payment of at least pr(j, a), whereas delinquency
leads to a partial payment, pp(j, a,y), due to garnishment of disposable income above the amount
y at a rate 74; additional costs of delinquency are a collection fee that is proportional to the missed

payment, ¢, and a utility cost, . The payment functions are provided in Appendix B.2.

Upon paying off student loans, consumers solve a standard consumption-savings problem, which
at certain ages is affected by the presence of a child. Specifically, all consumers have a child at age
Js- At the beginning of age j; + j,, the family draws the child’s skill endowment, s.. The parent
then makes an inter vivos asset transfer to their child, altruistically taking into account the child’s
skill.

Consumers retire at age 7, and receive Social Security transfers until they die.

Preferences The consumer’s flow utility function is given by, U((c, z, j, d., dy), in which the inputs
are household consumption, ¢, hours worked, z, adult age, 7, indicator for enrollment in college,
d. € {0, 1}, and indicator for student loan delinquency, d; € {0, 1}. The utility function is given
by

1—0o

(éfu—x—dgfﬂ

U(C,.I,j, de,df) = —|—deCV(]) _dng (1)

l—-0o
where (; is an adult equivalence parameter that determines child consumption, 1 is time endow-

ment (normalized), A is college effort cost, v is consumption share, o determines the relative risk



aversion, C'V'(7) is a utility shifter for the consumption value of college that depends on age, and
&p 1s a stigma cost associated with student loan delinquency. The consumption value of college

depends on age and is governed by the parameters cv, cvq, and cvs according to the function

CV(j) = cvr x exp(—cva(j — 1)) + cvs (2)

Pretax income function Pretax income yj. 5.4 15 determined by age, completed education,

7”77
skill, stochastic earnings productivity, net assets, and hours worked, as summarized by the tuple

(j,e,8,m,a,z), and is given by
Yjesnanz = We€jesNTljcj, + 88e.sllj>j, +1laljsillaso + Tyl (3)

where w, is the completed education specific wage rate, €; . ; is a deterministic life cycle compo-
nent, j, is retirement age, ss. s is the Social Security transfer defined in equation (23) in Appendix

B.2, r is the risk-free savings rate, and T'r; is accidental bequests of the deceased.®

3.1.2 Government

The government provides grants for college education, which include Pell grants, runs the federal
student loan program, funds Social Security, and faces an exogenous government consumption set

as a fraction g of gross domestic product (GDP).

Pell grants provide an amount that is based on the EFC, f, and the cost of attendance, x + ¢, where

x denotes tuition and fees (which are non-discretionary) and ¢ denotes an amount for room and

Pell

e, and 1s decreasing in

board (which is discretionary). The Pell grant has a maximum value of 6
the EFC, with a function given by

074 (f) = max[min[k + ¢ — f,05 — f],0] 4)

’ Y max

The federal student loan program is characterized by a cumulative student loan limit for subsidized
and unsubsidized loans, A, a cumulative student loan limit for subsidized loans, A;, and a student
loan interest rate, rs;, = r + 75z, where r is the risk-free interest rate on savings and 75y, 1S an
add-on set by the government. Let j. denote the year of college. The subsidized loan amount

is determined by the year of college, EFC, cost of attendance, and the cumulative limit. The

8The indicator I;>1]la>0 implies that interest income on the inter vivos transfer accrues to the parents and not the
newly emancipated child who has age j = 1.



subsidized loan function is given by
as(je,d', f) = —Iy<omin[—d’, %/L,je max[k + ¢ — f — 607 (f),0]] (5)

This function computes the amount of federal loans taken out by the student that are treated as
subsidized. In this function, the term Jf scales the cumulative limit with each year of college. The
function implies that, subject to the borrowing limit %AS, subsidized loans can be used to pay for

at most the cost of attendance net of the EFC and the Pell grant.

The EFC is determined by the formula EF'C(y, a, d,;), which depends on parental income, parental
net assets, and whether the applicant qualifies for a professional judgment by the financial aid ad-
ministrator. Qualification for professional judgment is an indicator variable where d,; = 0 rep-
resents the case in which the applicant does not qualify for a professional judgment and d,; = 1
represents the case in which the applicant qualifies for a professional judgment. In the latter case,
the income used to determine the EFC is scaled down by 744; < 1. This professional judgment
feature captures unmodeled special circumstances (e.g., recent unemployment of a family mem-
ber, tuition expenses at an elementary or secondary school, and medical expenses not covered by
insurance) in which the aid administrator may lower the income used to determine the EFC. The
probability that d,,; = 0, so that the income used to determine EFC remains unchanged, depends
on income and is given by m44;(y). The functional form for m44;(y) is chosen so that the prob-
ability of not qualifying for a professional judgment increases with income (see equation (17) in
Appendix B.2).° The formula that determines the EFC is provided in equation (19) in Appendix
B.2. The EFC formula is such that families with low income and assets will have a low EFC, and

therefore be eligible for more need-based aid (that is, Pell grants and subsidized loans).

Government expenditure is financed with tax revenue collected from a flat consumption tax, 7,
and a progressive income tax and transfer function, 7'(y), which is levied on pretax income, y. The
income tax and transfer function follows the specification of Heathcote, Storesletten, and Violante

(2017), and is given by
Ty)=y—vy'"™™ (6)

where 7, governs the tax progressivity and -y is used to balance the government budget constraint

in every period as shown in equation (25) in Appendix B.2.

Incorporating the professional judgment feature allows our model to account for the positive Pell grant uptake rates
observed among students from families in middle or high income terciles, as documented in Moschini and Raveen-
dranathan (2024). For more details about special circumstances and professional judgment, see Program Communi-
cations Division, Federal Student Aid (2013).

10



3.1.3 Final goods firm

Output is produced by a final goods firm using a production function that combines aggregate
capital, K, and aggregate labor, L, is Cobb-Douglas with capital share . Aggregate labor, in turn,
is a constant elasticity of substitution aggregator of efficiency units of labor with low education, L,
and high education, Ly, with elasticity of substitution 1/(1—) and share parameter v. Specifically,

the final goods production function is given by:
-
Y = K [Z{(v(Lo)" + (1 = v)(La)") )] )
where Z is aggregate labor productivity. The capital stock depreciates at rate ¢.

3.2 Consumer value functions before and while enrolled in college

Given their type, (s,7,a, f), the lifetime expected value to an 18-year-old (that is, j = 1 in the

model) is given by

Wi(s,n,a, f) =(1 = q(s)V(5, €, 5,n,a)+ ®)
+a(s)[ max. (1= )V 450, f) + VPG e = 1,65, a0, f)]
e€0,

where V (4,0, 5,1, a) is the value of never going to college, VZ¥E (4, 0, s,m,a, f) is the value of a
potential future enrollee who does not enroll in the current period, and VB4(j, j. = 1,£,5,n, a, f)
is the value of enrolling in college. The value of enrolling in college for the first three years of

college, j. € {1, 2,3}, is given by

VBA(janga s, n,a, f) = max U(C,Zﬁ,j, de = 17df = O)+ (9)

0,0 ,0€X
B By [p(s) max[VEA(G + 1, je + 1,650 d, f), V(G + 1,6, 5,0, d))+
(1 =p()V (G + 16,57 ,d)]
s.t.
(1+7)c+d + k= Yjrsmar +a+Tri —T(Yjosmpaz) + 07" (s) + 67 (s)
+ 67U f) + rsr(lucoa — as(je, d', f))
a > —%[l

where (3 is the discount factor, @’ is the stock of assets or federal student loans in the next period,
o<l (f) and a,(j,d’, f) are functions that determine Pell grants and subsidized federal student

loans, defined in equations (4) and (5), and Jf[l determines the cumulative limit for both subsidized

11



and unsubsidized loans with each year of college, j.. The continuation value reflects that, apart
from exogenously dropping out, consumers may also choose to drop out before the start of the
next academic year if given the option to continue. Those who drop out will permanently become

a consumer whose highest level of educational attainment is a high school degree.

For a college enroll, the value function at j. = 4 is a slightly modified version of equation (9): as
long as the consumer is allowed to continue and graduate, the AR(1) draw in the next period will
be made from the distribution for the high-education labor, there will be no endogenous dropout

decision, and they will receive the continuation value V' (j + 1, h, s, 7, ).

The value of a potential future enrollee for ages j € {1, ..., J. — 2}, where J. is the maximum age

at which a consumer may enroll in college, is given by

VPFE(ja Ev s, 1, a, f) = c>£’a§6X U(Cv C(],j, de = Oa df = 0) + ﬁ¢jEn’|€,n (10)
[dm?X}CI_ - de)VPFE(j + 1757 Sv n/a CL/, f) + deVBA(j + 17jc = 1a€7 8’77,7 a,7 f)]

.€{0,1
s.t.

(1 + Tc>c + Cl/ = yj,@,s,n,a,x +a—+ Trj - T(yj,f,s,n,a,x)
a >0

For a potential future enrollee, the value function at 7 = J. — 1 is a slightly modified version of
equation (10): the continuation value will reflect the feature that if the agent does not enroll in
college at 7 = J., their lifetime value will be equal to that of a consumer who never goes to college

(see equation (12) in Appendix B.1).

4 Parameterization

In this section, we present the internally calibrated parameters. The externally estimated parame-

ters are presented in Table 7 of the Appendix.

Table 3 reports internally calibrated parameters. The first column contains the parameter symbol;
the second column, the parameter description; and the third column, the parameter value. Columns
4 through 6 contain the target moment’s description, the moment in the data, and the moment in
the calibrated model, respectively. Although parameters and moments are grouped using the most
significant one-to-one relationship between each parameter and target moment, and are discussed
accordingly, the parameters are calibrated jointly and each parameter can affect all target moments.
In several rows within this table, we note that the moment is normalized by GDP per capita for

those 18 and over. This value is computed by combining information on GDP from BEA (2022,
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T1.1.5) with population levels from the US Census Bureau for 2013-2015 (Census Bureau of the

United States, 2020).

Table 3: Internally calibrated parameters

Symbol Parameter description

Parameter value

Moment

Data moment

Model moment

Panel A: Moments from NLSY97

p(s) Continuation prob. average (0.898,0.919,0.954)  Graduation rate: immediate enrollees (0.549,0.681,0.821)  (0.541,0.655,0.822)
q(s) Enrollment option shock (0.379,0.661,0.875)  Enr. within 7 years | High income (0.381,0.650,0.873)  (0.361,0.644,0.872)
cvy Consumption value 7.023  Immediate enrollment 0.452 0.447
cva Consumption value 0.329  1-year delayed enrollment 0.031 0.028
cvs Consumption value 2.322  Delayed enrollment 0.166 0.145
Be Parent altruism toward child 0.097  Average transfer, normalized 0.588 0.579
v Low-education labor share 0.434  College wage premium | so 1.38 1.368
Panel B: Moments from the HSLS:09

A Net college effort cost 0.492  Average hours in Y3/ Full time hours 0.349 0.366
gother (s) Public grants net of Pell by s (0.042,0.048,0.065)  Public grants net of Pell to tuition (0.197,0.227,0.306)  (0.197,0.227,0.306)
6P" (s) Private grants by s (0.028,0.029,0.033)  Private grants to tuition (0.133,0.138,0.158)  (0.133,0.138,0.158)
GAAT AALI adjustment probability 1.071  Pell extensive margin | Middle income 0.432 0.438
TAAT AAI adjustment scale 0.102  Pell intensive margin, normalized | Middle income 0.055 0.056
Panel C: Moments from other sources

c College room and board 0.146  Room + board, normalized 0.146 0.146
K Annual tuition 0.212  Net tuition + fees, normalized 0.097 0.097
7] Garnishment-exempt income 0.152  Exempt earnings, normalized 0.152 0.152
{p Federal delinquency cost 0.038  Federal delinquency rate 0.088 0.096
zZ Aggregate labor productivity 1.340  GDP per capita 18+ 1.000 0.995
B Discount factor 0.983  Capital-to-output ratio 3.000 2.994
X SS replacement rate 0.192  SS expenditure, fraction of GDP 0.048 0.048
v Consumption share utility 0.414  Average work hours = full time 0.333 0.334

Panel A of Table 3 presents parameters governed by moments from the NLSY97. Additional de-
tails on the estimation of the empirical moments including sample selection critetia are reported in
Appendix A.1; the first two rows draw on Table A2, rows three to five Table A3, and the last two
rows Tables A8 and A7, respectively. The first row of Table 3 reports p (s), which determines the
skill-specific probability of being allowed to continue in college; these parameters are chosen to
target skill-specific graduation rates of immediate enrollees. The one-time draw of the college en-
rollment option, ¢(s), is parameterized to target enrollment rates by skill for the top family income
tercile within the first seven years of high school completion. Focusing on enrollment rates of those
from high-income families minimizes the role of financial constraints in the enrollment decision
while focusing on the longer horizon controls for the permanence of the shock. In this sense, the
shock captures unmodeled persistent reasons for non-enrollment such as personal preference and
lower likelihood of acceptance into college. The consumption value is a function of age, and its
parameters in the next three rows are calibrated to match immediate enrollment as well as delayed
enrollment by one year and total delayed enrollment. The resulting age-specific consumption value
is depicted in Panel 1a. Panel 1b, which depicts flows into enrollment by year since high school
completion in the baseline calibration, shows that the model generates the pattern consistent with
that observed in the data in Figure A1. The degree of parental altruism, ., is set so that the model
matches average parent-to-child transfers in the NLSY97. The parameter that determines the labor
share for low-education labor, v, is set so that the college wage premium for the middle skill tercile

matches that observed in the data.
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Figure 1: Age-specific consumption value of college and enrollment

Notes: The figure depicts the age-specific consumption value of college and enrollment flows into college.

Panel B of Table 3 presents parameters governed by moments from the HSLS:09. Additional
details on the estimation of the empirical moments including sample selection critetia are reported
in Appendix A.2; the first row draws on Table A12, the next two rows Table A13, and the last two
rows Table A14. All of these moments are computed for immediate enrollees. The college effort
cost, ), is set to match the average weekly hours worked while in college as a fraction of 40 hours
(full-time work) for third-year college students. The next two rows of the panel contain the vectors
representing tuition and fees paid with grants and scholarships from public sources other than
Pell grants, §°'"°" (), and private sources, #*"(s), and are set to match the ratios of public grants
net of Pell to tuition and private grants to tuition. These ratios are determined using data from
the HSLS:09 and incorporating estimates from Krueger and Ludwig (2016). The last two rows
contain ¢ 445 and T44;. These are the parameters that govern the probability function in equation
(17), which determines qualification likelihood for professional judgment, and the proportion by
which income is scaled conditional on qualification for professional judgment in equation (18),
respectively. These parameters are chosen to match uptake of Pell grants in the middle income

tercile in both the extensive and intensive margin.

Panel C of Table 3 reports parameters governed by moments from sources other than the NLSY97
and HSLS:09. The discretionary cost of college (room and board), ¢, targets average annual room
and board; the non-discretionary cost (annual tuition), s, targets average annual net tuition and
fees. Both empirical moments are computed for bachelor’s degree programs from 2013-2015
using data contained in a College Board report (Ma, Pender, and Libassi, 2020), supplemented with

information from the National Center for Education Statistics in NCES (2019). The income exempt
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from garnishment in delinquency, ¥, is set to 0.152 based on our calculations using results from
Yannelis (2020). The parameter governing the costs of being delinquent on public loans, &, targets
the average cohort delinquency rate 2013-2015 reported by the Federal Student Aid (FSA) report
FSA (2021b) (e.g., a delay in payment of 270 days or more). Aggregate labor productivity, Z, is
set so that GDP per capita for the population aged 18 and over is one in the model. The discount
factor, 3, is calibrated to target a capital-to-output ratio of 3, consistent with Jones (2016). The
Social Security replacement rate, y, targets the average ratio of total Social Security expenditure
to GDP, estimated using 2013-2015 data from BEA (2022, T2.1) and BEA (2022, T1.1.5). Lastly,
the consumption share in the utility function, v, is calibrated so that the average non-retiree works

full time, ft, which is parameterized in Panel A of Table 7 in the Appendix.

5 Results

In Section 5.1, we analyze the economics of delayed enrollment in our calibrated model, with a

focus on the college enrollment decision.

In Section 5.2, we validate the model’s calibrated baseline with four exercises. In the first two exer-
cises, we compare the model with the data in terms of immediate and delayed enrollment patterns
by parental income and skill. These two exercises establish that the economics of delayed enroll-
ment discussed using the college enrollment decision lead to equilibrium outcomes in the baseline
calibration that account for patterns observed in the data. In the last two model validation exer-
cises, we show that our calibration accounts for the responsiveness of the enrollment rate to grants
and for the increasing college wage premiums by skill. These exercises serve to make our welfare
estimates from the loan limit expansion experiment credible. This is because the magnitudes of
the welfare changes from such an experiment are strongly associated with the responsiveness of

enrollment to policy changes and the skill-specific returns to education.

In Section 5.3, we report changes in immediate, delayed, and total enrollment rates from the federal
student loan limit expansion experiment—an exercise motivated by the role of parental income
and skill in determining enrollment timing in the data and model. Specifically, we analyze an

experiment in which the status quo limit is increased by one hundred percent.

5.1 The economics of delayed enrollment

In this section, we discuss the economics of delayed enrollment—the novel element of our pa-
per—by analyzing the policy function for the college enrollment decision. The three panels in the

first row of Figure 2 depict the enrollment decision by years since high school completion across
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panels in the baseline calibration. An analogous depiction is provided in the panels in the second
row after the federal student loan limit expansion. Within each panel, the decision is reported
by net assets for those with low skill and high skill. Additional details on assumptions about the

consumers’ state space are provided in the figure notes.

Panel 2a demonstrates that the immediate enrollees are more likely to have higher skill and higher
initial net assets. Although most high school graduates start with a low level of initial net assets
(Figure C1 of Appendix C.1), asset accumulation over the life cycle enables those who do not
enroll immediately to enroll later. This enrollment option is evident in Panels 2b and 2c, which
plot the enrollment decision for the later years after high school completion. The two panels also
highlight mitigating forces at play for enrollment in later years in comparison to the initial year.
The minimum net assets required to enroll increases with years since high school completion.
This is because the benefits of college decrease due to the decline in the consumption value of
college (Panel 1a) and the decline in expected lifetime earnings benefits conditional on graduation.
In equilibrium, delayed enrollment is observed when the asset accumulation effect outweighs the
effect of the reduced consumption value of college and the reduced expected lifetime earnings
benefits.'”

In our model, financing constraints are the reason to delay enrollment. Panel 2d in comparison
to Panel 2a shows that those with low net assets who would not have enrolled immediately in the
baseline calibration would now choose to do so after a limit expansion. A comparison of Panels 2e
and 2f to Panels 2b and 2c also signifies the role of financing constraints: the minimum net assets

required for enrollment in college is lower after the limit expansion.

5.2 Model validation of enrollment and skill-specific returns to education

In this section, we present model validation results from the four exercises discussed above.

1. Immediate enrollment by parental income and skill Figure 3 depicts immediate enrollment
rates by parental income and skill in the data and in the baseline calibration. The baseline calibra-
tion accounts for the pattern observed in the data: the immediate enrollment rate tends to increase

in parental income controlling for skill and in skill controlling for parental income.

2. Delayed enrollment (conditional on ever enrolling) by parental income and skill Figure 4
depicts delayed enrollment rates conditional on ever enrolling by parental income and skill in the

data and the baseline calibration. The baseline calibration accounts for the pattern observed in the

10As discussed in Appendix C.2, waiting for higher realizations of the persistent component of earnings is not a first-
order driver of delayed enrollment.
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Figure 2: Enrollment decision by years since high school completion and net assets and skill

Notes: This figure depicts the enrollment decision by years since high school completion across panels. The panels
in the first row depict enrollment decisions in the baseline calibration, whereas the panels in the second row depict the
analogous decisions when the federal student loan limit is expanded by one hundred percent from the status quo value.
Within each panel, the decision is reported by net assets for those with low skill and high skill. We restrict our analysis
to a consumer whose EFC is zero (that is, they are eligible for the most need-based federal aid) and their realization
for the persistent component of earnings is the median. Furthermore, the net assets on the x-axis is restricted to show
the enrollment decision for lower levels because for most high school graduates, their initial net asset position is small
(Figure C1 of Appendix C.1).

data: the conditional delayed enrollment rate tends to decrease in parental income controlling for

skill and in skill controlling for parental income.

3. Enrollment rate response to $1,000 subsidy Table 4 presents enrollment rate response es-
timates from a quasi-natural experiment in which prospective college students are given a $1,000
subsidy to attend college. The empirical estimate for the enrollment rate response, based on Dem-
ing and Dynarski (2009), is 4.00 percentage points. In the model, the analogous non-targeted
estimate is 2.35 percentage points.!!

Tn the model, the change in the immediate enrollment rate is reported.
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Figure 3: Immediate enrollment rate by parental income and skill

Notes: The figure depicts the immediate enrollment rate by parental income and skill, in the data (Table A4 of
Appendix A.1, column 1) and the model. Data source: NLSY97.
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Figure 4: Delayed enrollment rate conditional on enrolling by parental income and skill

Notes: The figure depicts the delayed enrollment rate conditional on ever enrolling by parental income and skill, in
the data (Table A4 of Appendix A.1, column 2 divided by column 3) and the model. Data source: NLSY97.

4. College wage premiums by skill Table 5 presents the college wage premium by skill tercile
in the model and the data. In both the model and the data, the college wage premium is computed
as the median hourly earnings of individuals with a four-year college degree divided by the median
hourly earnings of those without such a degree, for workers aged 25 to 39, within a given respective
skill tercile. The age range is chosen to match the available NLSY97 sample used for empirical
estimates, which are reported in Appendix A.1.4. The model captures the pattern that the college

wage premium increases with skill, although it underestimates the college wage premium for the
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Table 4: Enrollment rate response to $1,000 subsidy

Quasi-Natural Experiment Data Model

Enrollment change due to additional $1,000 tuition subsidy ~ 4.00 2.35

Notes: The table presents estimates for the enrollment rate response given a subsidy of $1,000, in the data and the
model. In the model, the change in the immediate enrollment rate is computed in a partial equilibrium in which the
distribution of 18-year-olds and general equilibrium prices, taxes, and transfers are held fixed at their initial steady
state values. Data source: Deming and Dynarski (2009).

top skill tercile.
Table 5: College wage premium by skill tercile

Skill tercile Data Model

Low 1.35 1.34
Medium 1.38 1.37
High 1.47 1.38

Notes: The table presents the college wage premium by skill tercile, in the data and the model. The middle row
estimates are reported in italics because they are targeted in the calibration. Data source: NLSY97.

5.3 Loan limit expansion with delayed enrollment

In this section, we present results from a loan limit expansion experiment in general equilibrium
in which the status quo limit is increased by 100 percent. This experiment is motivated by the

importance of parental income and skill in determining enrollment timing in the data and model.

Table 6 reports the levels and the changes in immediate, delayed, and ever-enrollment rates among
high school graduates across steady states. Delayed enrollment decreases from 14.49 to 3.89 per-
cent, which is evidence that financing constraints are the reason to delay enrollment in our model.
Furthermore, the changes reported in the third column of the table quantify the importance of
the delayed enrollment margin: most of the increase in the immediate enrollment rate is due to

transitions out of delayed enrollment as opposed to transitions out of non-enrollment.

Table 6: Enrollment rates

Steady state
Enrollment type Initial Final Change

Immediate 44.69 58.52 13.83
Delayed 1449  3.89 -10.60
Ever 59.19 62.41 3.22

Notes: The table presents immediate, delayed, and overall enrollment rates (in percentage points) in the initial steady
state and the final steady state after a federal loan limit expansion of 100 percent, as well as the change from the initial
to final steady state (in percentage points).
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Table A18 of Appendix C.3 reports the welfare changes in consumption-leisure equivalent units

for high school graduates based on their parental income and skill.'?

The gains to those from a
low income family amount to one percent or more of lifetime consumption and leisure regardless
of skill. The welfare losses observed among high school graduates with high parental income
and high skill are typical of quantitative models of college enrollment: in general equilibrium, the
high-education wage rate decreases with an increase in the supply of college graduates. Because
this group of high school graduates experiences only a small direct gain from an increase in the
intensive margin of access to student loans, on net the wage effect dominates and they are worse

off.

6 Conclusion

The main contribution of this paper is to study delaying bachelor’s degree enrollment as a margin

for overcoming college financing constraints and its interaction with financial aid.

We provide new evidence that over a quarter of high school graduates in the United States who
enroll in college at some point in their life delay enrollment by at least a year after graduating from
high school. Furthermore, this delay is more common for enrollees from poor families or with low
skill.

Based on our new empirical findings, we extend existing quantitative models of college enroll-
ment choice with financing constraints—which treat the college enrollment decision as a once-
in-a-lifetime decision—by endogenizing enrollment timing. Our calibrated model accounts for
the magnitudes and the cross-sectional patterns of delayed enrollment by years since high school

graduation and by parental income and skill.

To illustrate the importance of the delayed enrollment margin, we use the calibrated model to
conduct a counterfactual experiment that expands the federal student loan limit. The model reveals
that the resulting increase in immediate enrollment stems mostly from those shifting out of delayed

enrollment rather than non-enrollees switching into enrollment.

Next, we will extend the paper to incorporate the role of sub-baccalaureate programs. In its current
version, the only incentive for high school graduates to delay enrollment are financing constraints.
However, Table AS of Appendix A.1 shows that roughly 75 percent of delayed enrollees had pre-
viously enrolled in a sub-baccalaureate program. The next revision will incorporate the potential
interaction between sub-baccalaureate programs and delayed BA enrollment both empirically and

theoretically.

12The details of welfare computation are provided in Appendix B.4.
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Appendix

The estimation of the external parameters is the same as in Moschini and Raveendranathan (2024)
except in two ways. First, ASVAB instead of high school GPA is used as the measure of skill to
estimate the components of the earnings process. Second, this paper includes an additional external

parameter, the maximum age for enrolling in college.

Table 7 presents the externally estimated parameters. Panel A governs demographics and hours,
which we set by assumption; Panels B uses estimates from the literature to discipline preferences
and technologies; Panel C draws on our earnings process estimation using the NLSY97 and PSID,
which is explained in more detail in Appendix A.1.4; Panel D uses statutory values for government
student aid policy for all parameters except in one case an estimate from the literature; and, finally,

Panel E reports parameters related to government spending and tax policy.

In Panel A, the fertility period, j¢, is set to 13 so that consumers have a child when they turn
30; the age adulthood begins, j,, is set to 18; j, is chosen so that the retirement age is 65; and,
finally, J sets maximum life span to 100 years. The maximum age at which a consumer may enroll
in college, J., is set to 16 because more than 99 percent of enrollment into college is observed
within the first 15 years of high school completion (Figure Al). For j < j¢ + j,, we set survival
probabilities 7); to one to rule out children without parents; ages j > j; + j, use estimates from
the 2010 Social Security Administration Life Tables presented in Bell and Miller (2020). We set
full time hours, ft, to 1/3, which is equivalent to 8 hours of work per day, five days a week. The
set of hours a consumer could work, X, consists of full time hours scaled by 0, 0.75, 1.00, 1.25,
and 1.50.

Panel B reports parameters that govern preferences and the goods production technology. It begins
with the parameter that governs the relative risk aversion, o, which is set to 1/v + 1 so that relative
risk aversion is equal to 2 based Chetty (2006). The adult equivalence scale, (, is set to 0.3 follow-
ing the Organization for Economic Co-operation and Development (OECD) modified scale. The
capital share parameter, «, is set to 0.36 following Kydland and Prescott (1982). The depreciation
rate of capital, d, is set to 0.076, as in Krueger and Ludwig (2016). The parameter that dictates the
elasticity of substitution between low- and high-education labor, ¢, is set to 0.8, which implies an
elasticity of substitution of 5. This value is in the middle of the range (between 4 and 6) reported

in Card and Lemieux (2001) after controlling for imperfect substitutability across age groups.

The three rows of Panel C contain objects that determine labor market productivity. First is the
deterministic component of the life cycle earnings process, €; . .; second, the persistence parameter
of the AR(1) productivity shock, p.; and, third, the variance of the AR(1) productivity shock, af.
These objects are estimated using data from both the PSID and NLSY97, with full results presented
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Table 7: Externally estimated parameters

Parameter  Description Data Target Value
Panel A: Demographics and hours

Jf Child bearing age 30 years 13
Ja Years for child to move out 18 years 18
Jr Retirement age 65 years 48
J Maximum life span 100 years 83
Je Maximum age of enrolling in college 33 years 16
P Survival probability 2010 SSA Life Tables -
ft Full time hours 8 hours per day 1/3
X Set of hours Percent of full time hours (0,0.75,1,1.25,1.5) ft
Panel B: Preferences and technology

o Risk aversion Risk aversion v = 2, Chetty (2006) % +1
a Capital share Kydland and Prescott (1982) 0.360
5 Depreciation rate Krueger and Ludwig (2016) 0.076
L Elasticity of substitution Card and Lemieux (2001) 0.800
¢ Adult equivalence scale OECD modified scale 1+ O.3]ij <i<if+ia

Panel C: Life cycle earnings profile and hours worked in college

€je,s Deterministic component PSID and NLSY97 Table A6, App. A.1.4
Pe AR(1) persistence for e = (£, h) (0.903, 0.885)
a2 AR(1) variance for e = (¢, h) (0.052,0.072)

Panel D: Government student aid policy and grants

YEFC=0 Income threshold 0 EFC, normalized Statutory 0.345
Yi,i AAI thresholds for EFC, normalized (-00,-0.049,0.220,0.276,0.332,0.389,0.445,00)
fi Lower-bound for EFC, normalized (0,0,0.048,0.062,0.079,0.098,0.120)
Yy, Lower income bound for EFC marginal rate, normalized (0,0,0.220,0.276,0.332,0.389,0.445)
Aprot Asset protection allowance, normalized 0.521
Subsidized and unsubsidized loan limit, normalized 0.377
Ag Subsidized loan limit, normalized 0.265
gPell Pell maximum, normalized 0.079
Tfi Marginal rate for EFC (0,0.22,0.25,0.29,0.34,0.40,0.47)
Ta Asset conversion rate 0.120
TSL Interest rate add-on 0.021
Tst Maximum years to repay 24
Ty Federal SL garnishment rate 0.150
[05) Student loan collection fee Luo and Mongey (2024) 0.185
Panel E: Government spending and tax policy
g Government consumption BEA 0.147
Tp Income tax progressivity CBO 0.177
Te Consumption tax rate OECD 0.044

and explained in the discussion surrounding Table A6 of Appendix A.1.4.

Panel D reports government policy parameters related to student aid, as well as subsidy rates for
grants other than Pell grants. The first eight rows of this panel are normalized by GDP per capita
for those 18 and over, which is computed by combining information on GDP from BEA (2022,
T1.1.5) with population levels from the US Census Bureau (Census Bureau of the United States,
2020) for 2013-2015. In rows 1-5 and 9-10 we report parameters that govern the EFC in the model,
which are drawn from the EFC formula guide for 2013-2014 prepared by the Federal Student Aid
Office, U.S. Department of Education (2014). The first row reports the income threshold below
which households are assigned an automatic zero EFC, ygprc—o, which is set to 0.345. If the
household does not qualify for an automatic zero EFC, then the EFC is computed after computing
the adjusted available income using equation (18), an input into the EFC schedule provided in
case 2 of equation (19). The various parameters of the adjusted available income function and
the schedule are reported in rows 2-5 and rows 9-10. Rows 6, 7, and 8 report limits for federal
aid: A is the net borrowing limit for any federal student loans which is set to 0.377, A, is the net

borrowing limit for subsidized loans which is set to 0.265, both determined using the limits for
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four years of college reported by the CRS (Smole, 2019), and 62! is the maximum Pell amount
an individual can be awarded, set to 0.079 using the amount from the Office of Postsecondary
Education, Federal Student Aid (2013). The eleventh row contains 7g,, the interest rate add-on,
set to 0.021 as reported by the Chief Operating Officer for FSA (2021). Row 12 contains the
number of years for repayment on a student loan, 7's;,, which is set to 24. This implies that for an
immediate enrollee who graduates the maximum repayment period is 20 years.!* The next row is
the garnishment rate conditional on delinquency on student loans, 7,, which is set as established by
the 2005 Deficit Reduction Act (109th Congress of the United States of America, 2006). The last
row contains the student loan collection fee, ¢, which is set to 0.185 following Luo and Mongey

(2024).

Panel E reports parameters related to government spending and tax policy. Government consump-
tion as a share of GDP, g, is set to 0.147 using estimates of the numerator and denominator from
the Bureau of Economic Analysis (BEA) in BEA (2022, T1.1.5) and BEA (2022, T3.1). The
income tax progressivity, 7,, is set to 0.177 following our estimation results using data from the
Congressional Budget Office (CBO) provided in U.S. Congressional Budget Office (2018a,b), with
the estimation procedure described in Appendix A.3 and point estimates presented in Table A16.
Finally, we estimate the consumption tax rate, 7., to be 0.044 by applying the method of Mendoza,
Razin, and Tesar (1994) to OECD data for the period 2013-2015 (OECD, 2024a,b,c); estimation
results are presented in Table A17 of Appendix A.4.

3This is within the term range for the Standard Repayment Plan (10 years) and the Extended Repayment Plan (25
years).

23



References

109th Congress of the United States of America (2006). Deficit Reducation Act of 2005 (Public
Law 109-171). (accessed 05.10.2024).

Abbott, B., G. Gallipoli, C. Meghir, and G. Violante (2019). Education Policy and
Intergenerational Transfers in Equilibrium. Journal of Political Economy 127(6).

Bell, F. C. and M. L. Miller (2020). Life Tables for the United States Social Security Area,
1900-2100, Actuarial Study No. 6, Table 6. (accessed 06.01.2022).

Briiggemann, B., Z. L. Mahone, and T. Palmer (2024). Firm sales and the firm life cycle.
Unpublished manuscript.

Bureau of Economic Analysis, U.S. Department of Commerce (2022a). Table 2.1. (accessed
05.15.2022).

Bureau of Economic Analysis, U.S. Department of Commerce (2022b). Table 1.1.5. (accessed
05.15.2022).

Bureau of Economic Analysis, U.S. Department of Commerce (2022c). Table 3.1. (accessed
05.15.2022).

Bureau of Labor Statistics, U.S. Department of Labor (2019). National Longitudinal Survey of
Youth 1997 cohort, 1997-2021 (rounds 1-20). Produced and distributed by the Center for
Human Resource Research (CHRR), The Ohio State University. Columbus, OH (accessed
05.25.2024).

Card, D. and T. Lemieux (2001). Can falling supply explain the rising return to college for
younger men? A cohort-based analysis. The Quarterly Journal of Economics 116(2), 705-746.

Caucutt, E. M. and K. B. Kumar (2003). Higher education subsidies and heterogeneity: a
dynamic analysis. Journal of Economic Dynamics and Control 27(3), 1459—-1502.

Census Bureau of the United States (2020). National Population by Characteristics: 2010-2019.
Produced by the Census Bureau of the United States. (accessed 05.23.2024).

Chatterjee, S. and F. Ionescu (2012). Insuring student loans against the financial risk of failing to
complete college. Quantitative Economics 3, 393-420.

Chetty, R. (2006). A New Method of Estimating Risk Aversion. The American Economic
Review 96(5), 1821-1834.

Chief Operating Officer for Federal Student Aid (2021). Annual Notice of Interest Rates for
Fixed-Rate Federal Student Loans Made Under the William D. Ford Federal Direct Loan
Program. Federal Register 86(152), 44003—44005. (accessed 07.05.2022).

Colas, M., S. Findeisen, and D. Sachs (2021). Optimal need-based financial aid. Journal of
Political Economy 129(2), 492-533.

Deming, D. and S. Dynarski (2009). Into college, out of poverty? Policies to increase the
postsecondary attainment of the poor. NBER Working Paper 15387.

Federal Student Aid Office, U.S. Department of Education (2014). 2013-2014 Expected Family
Contribution (EFC) Formula Guide. (accessed 01.17.2024).

Heathcote, J., K. Storesletten, and G. L. Violante (2017). Optimal Tax Progressivity: An
Analytical Framework. Quarterly Journal of Economics 132, 1693—1754.

Hendricks, L., T. Koreshkova, and O. Leukhina (2024). College access and intergenerational
mobility. Unpublished manuscript.

Herreno, J. and S. Ocampo (2023). The macroeconomic consequences of subsistence
self-employment. Journal of Monetary Economics 136, 91-106.

24


https://www.govinfo.gov/content/pkg/PLAW-109publ171/pdf/PLAW-109publ171.pdf
https://www.govinfo.gov/content/pkg/PLAW-109publ171/pdf/PLAW-109publ171.pdf
https://www.ssa.gov/oact/NOTES/as120/LifeTables_Tbl_6_2020.html
https://www.ssa.gov/oact/NOTES/as120/LifeTables_Tbl_6_2020.html
https://apps.bea.gov/iTable/iTable.cfm?reqid=19&step=3&isuri=1&select_all_years=0&nipa_table_list=58&series=a&first_year=2016&last_year=2018&scale=-9&categories=survey&thetable=
https://apps.bea.gov/iTable/iTable.cfm?reqid=19&step=3&isuri=1&select_all_years=0&nipa_table_list=5&series=a&first_year=2016&last_year=2018&scale=-9&categories=survey&thetable=
https://apps.bea.gov/iTable/iTable.cfm?reqid=19&step=3&isuri=1&select_all_years=0&nipa_table_list=86&series=a&first_year=2018&last_year=2016&scale=-9&categories=survey&thetable=
https://www.nlsinfo.org/investigator/pages/search
https://www.nlsinfo.org/investigator/pages/search
https://www.census.gov/data/tables/time-series/demo/popest/2010s-national-detail.html
https://www.federalregister.gov/documents/2021/08/11/2021-17056/annual-notice-of-interest-rates-for-fixed-rate-federal-student-loans-made-under-the-william-d-ford
https://www.federalregister.gov/documents/2021/08/11/2021-17056/annual-notice-of-interest-rates-for-fixed-rate-federal-student-loans-made-under-the-william-d-ford
https://www.federalregister.gov/documents/2021/08/11/2021-17056/annual-notice-of-interest-rates-for-fixed-rate-federal-student-loans-made-under-the-william-d-ford
https://fsapartners.ed.gov/knowledge-center/library/handbooks-manuals-or-guides/2012-09-13/subject-2013-2014-expected-family-contribution-efc-formula-guide
https://fsapartners.ed.gov/knowledge-center/library/handbooks-manuals-or-guides/2012-09-13/subject-2013-2014-expected-family-contribution-efc-formula-guide

Ionescu, F. (2009). The Federal Student Loan Program: Quantitative Implications for College
Enrollment and Default Rates. Review of Economic Dynamics 12(1), 205-231.

Ionescu, F. and N. Simpson (2016). Default Risk and Private Student Loans: Implications for
Higher Education Policies. Journal of Economic Dynamics and Control 64, 119-147.

Jones, C. (2016). Facts About Economic Growth. Handbook of Macroeconomics 2A.

Kehoe, T. J. and K. J. Ruhl (2013). How important is the new goods margin in international
trade? Journal of Political Economy 121(2), 358-392.

Kim, H. and J. H. Kim (2023). Sources of rising student debt in the U.S.: college costs, wage
inequality, and delinquency. Unpublished manuscript.

Krueger, D. and A. Ludwig (2016). On the optimal provision of social insurance: Progressive
taxation versus education subsidies in general equilibrium. Journal of Monetary Economics 77,
72-98.

Krueger, D., A. Ludwig, and 1. Popova (2024). Shaping inequality and intergenerational
persistence of poverty: free college or better schools. Unpublished manuscript.

Kydland, F. E. and E. C. Prescott (1982). Time to Build and Aggregate Fluctuations.
Econometrica 50(6), 1345-1370.

Lochner, L. J. and A. Monge-Naranjo (2011). The Nature of Credit Constraints and Human
Capital. The American Economic Review, 2487-2529.

Luo, M. and S. Mongey (2024). Assets and job choice: Student debt, wages and amenities.
Review of Economic Studies, Conditionally Accepted.

Ma, J., M. Pender, and C. Libassi (2020). Trends in College Pricing and Student Aid 2020.
College Board.

Matsuda, K. (2020). Optimal timing of college subsidies: Enrollment, graduation, and the skill
premium. European Economic Review 129, 103549.

Matsuda, K. (2022). Progressive Taxation versus College Subsidies with College Dropout.
Journal of Money, Credit and Banking (available online).

Mendoza, E. G., A. Razin, and L. L. Tesar (1994). Effective tax rates in macroeconomics:
Cross-country estimates of tax rates on factor incomes and consumption. Journal of Monetary
Economics 34, 297-323.

Moschini, E. G. and G. Raveendranathan (2024). College Financial Aid Application Frictions.
Unpublished manuscript.

Moschini, E. G., G. Raveendranathan, and M. Xu (2024). Optimism About Graduation and
College Financial Aid. American Economic Journal: Macroeconomics, Conditionally
Accepted.

National Center for Education Statistics, U.S. Department of Education (2019). Table 330.10.
Produced and distributed by the Institute of Education Sciences, National Center for Education
Statistics (NCES). (accessed 01.04.2022).

National Center for Education Statistics, U.S. Department of Education (2020). High School
Longitudinal Study of 2009 (public use data file). Produced and distributed by the Institute of
Education Sciences, National Center for Education Statistics (NCES). (accessed 10.11.2022).

OECD (2024a). Annual government expenditure by function (COFOG). Public use dataset,
OECD.

OECD (2024b). Annual household final consumption expenditure on the territory and abroad.
Public use dataset, OECD.

OECD (2024c). Details of Tax Revenue - United States. Public use dataset, OECD.

25


https://nces.ed.gov/programs/digest/d19/tables/dt19_330.10.asp
https://nces.ed.gov/OnlineCodebook/Session/Codebook/bfaee536-d99a-44b6-a5de-80e9cd90af46
https://nces.ed.gov/OnlineCodebook/Session/Codebook/bfaee536-d99a-44b6-a5de-80e9cd90af46

Office of Postsecondary Education, Federal Student Aid (2013). 2013-2014 Federal Pell Grant
Payment and Disbursement Schedules. Dear Colleague Letter GEN-13-06. (accessed
1.26.2024).

Program Communications Division, Federal Student Aid (2013). Federal Student Aid Handbook
2013-2014. Technical handbook, U.S. Department of Education.

Smole, D. P. (2019). Federal Student Loans Made Through the William D. Ford Federal Direct
Loan Program: Terms and Conditions for Borrowers. (Congressional Research Service of the
United States R45931).

U.S. Congressional Budget Office (2018a). The Distribution of Household Income, 2014.

U.S. Congressional Budget Office (2018b). The Distribution of Household Income, 2015.

U.S. Department of Education, Office of Federal Student Aid (2021). National Default Rate
Briefing for FY 2018 Official Cohort Default Rates. (accessed 05.15.2022).

Vardishvili, O. (2024). The macroeconomic cost of college dropouts. Unpublished manuscript.

Wei, C. C. and L. Berkner (2008). Trends in Undergraduate Borrowing II: Federal Student Loans
in 1995-96, 1999-2000, and 2003-04. U.S. Department of Education. Washington, DC:
National Center for Education Statistics, Institute of Education Sciences..

Yannelis, C. (2020). Strategic default on student loans. Unpublished manuscript.

26


https://fsapartners.ed.gov/knowledge-center/library/dear-colleague-letters/2013-01-30/gen-13-06-subject-2013-2014-federal-pell-grant-payment-and-disbursement-schedules
https://fsapartners.ed.gov/knowledge-center/library/dear-colleague-letters/2013-01-30/gen-13-06-subject-2013-2014-federal-pell-grant-payment-and-disbursement-schedules
https://fsapartners.ed.gov/sites/default/files/2021-02/1314FSAHandbookCompleteActiveIndex.pdf
https://fsapartners.ed.gov/sites/default/files/2021-02/1314FSAHandbookCompleteActiveIndex.pdf
https://www.cbo.gov/publication/53597
https://www.cbo.gov/publication/54646
https://fsapartners.ed.gov/sites/default/files/2021-09/FY18OfficialNationalBriefing.pdf
https://fsapartners.ed.gov/sites/default/files/2021-09/FY18OfficialNationalBriefing.pdf

Online Appendix for:
"Better Late Than Never: Delayed Undergraduate Enrollment and Financial Aid"

by Emily G. Moschini and Gajendran Raveendranathan

Contents

A Data Appendix
A.1 The 1997 National Longitudinal Survey of Youth . . . . ... ... ... ... ..
A.1.1 Probitregression coefficients . . . . . . . ... ... L Lo
A.1.2 Distribution of enrollment timing . . . . . . ... ... ... ...
A.1.3 Estimation moments for internally calibrated parameters . . . . . . . . ..
A.1.4 Life cycle earnings profile estimation . . . . . . .. ... ... ... ...
A.1.5 Imtervivostransfers. . . . . . . . . . . .. L
A.2 The High School Longitudinal Study of 2009 . . . . .. ... ... ... .....
A.2.1 Imputing income values from the CPSASEC . . . . ... ... ... ...
A.2.2 The relationship of BA enrollment to skill and income . . ... ... ...
A.2.3 Estimation moments for externally estimated parameters . . . . . ... ..
A3 Income tax progressivity 7, . . . . . ... ...
A4 Consumption tax rate 7. . . . . . . o v v vttt e e e e e e e e e

B Model Appendix
B.1 Consumer value functions after highest educational attainment . . . . . . . .. ..
B.2 Additional functional forms and equilibrium definition . . . . ... ... ... ..
B.3 Computational algorithm . . . . . . . ... .. ... ... ...
B.4 Welfare computation . . . . . . . . . . . ... e

C Results Appendix
C.1 Initial distribution of assets among high school graduates . . . . . . . ... .. ..
C.2 Enrollment decision by persistentearnings . . . . . . . . . . . ... ... ... ..
C.3 Loan limit expansion welfare changes . . . . . . . ... ... ... .. ......

12
12
14
17
17



A Data Appendix

A.1 The 1997 National Longitudinal Survey of Youth

We use the NLSY97 for both motivating evidence (presented in the main text) and parameterization
moments. Our main sample consists of respondents who we observe up to at least age 30, and who
complete high school between the ages of 17 and 19. We also require that we observe our preferred
measure of skill (ASVAB) for each respondent, as well as their parent’s income in 1997, and that
the variable recording enrollment status (which also records educational attainment) provided in
each wave of the survey not imply contradictory information. This leaves us with a total of 2,589

individuals.

When we refer to skill and parental income terciles, we are referring to equal-sized bins assigned
using the distribution of skill and parental income among high school graduates. We do not con-
dition on observing educational attainment or on being in the sample until age 30 when we assign

these bins.

A.1.1 Probit regression coefficients

Table A1 reports regression coefficients for the AMEs reported in Table 2 of the main text.

Table Al: Regression Coefficients: Predicting Ever Enrolling and Delay Among Enrollees

Variable (1) Ever (2) Delayed (3) Delayed
Flag: Income tercile 1 -0.471 0.197 0.493
(0.0701) (0.0767) (0.0894)
Flag: Income tercile 2 -0.323 0.115 0.262
(0.0676) (0.0732) (0.0821)
Flag: Skill tercile 1 -1.376 -0.0635 0.729
(0.0712) (0.0796) (0.101)
Flag: Skill tercile 2 -0.685 0.273 0.552
(0.0657) (0.0695) (0.0775)
Constant 1.227 -1.153 -1.145
(0.0598) (0.0608) (0.0652)
Observations 2,589 2,589 1,600
Sample HS graduates HS graduates Ever enrolled

Notes: This table presents probit regression AMEs for (1) the likelihood of ever enrolling in a BA, conditional on
receiving a high school diploma, (2) the likelihood of delayed BA enrollment conditional on receiving a high school
diploma, and (3) the likelihood of delayed enrollment in a BA (at least one year after high school completion) condi-
tional on ever enrolling. Standard errors in parentheses. Source: NLSY97.



A.1.2 Distribution of enrollment timing

Figure A1 plots percentage of high school graduates who enroll at each year after college grad-
uation. The figure illustrates that the timing of delayed enrollment is not clumped at a particular

threshold, but rather declines gradually as the enrollment horizon rises.
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Figure Al: Distribution of enrollment timing

Notes: This figure illustrates the distribution of enrollment timing among high school graduates. Source: NLSY97.

A.1.3 Estimation moments for internally calibrated parameters

Table A2 reports various enrollment rates by skill bin and overall. The first column of Table A2
reports immediate enrollment rates (within 1 year of high school graduation); the second column
contains immediate enrollment rates for those with parents in the top income tercile. The third
column reports BA completion rates by age 30 for those who immediately enroll in a BA after
completing high school. The fourth column reports enrollment in a BA within 7 years of complet-

ing high school, conditional on having parents in the top income tercile.

Table A2: Enrollment and BA attainment among enrollees, by skill and overall

Skill Immediate enr Immediate enr | Rich BA grad |Imm Enr Within 7 years enr | Rich

1 0.166 0.238 0.549 0.381
2 0.393 0.512 0.681 0.650
3 0.704 0.787 0.821 0.873
Total 0.452 0.632 0.754 0.742

Notes: The first column of this table presents immediate enrollment rates by skill and overall for high school graduates.
The second column reports analogous statistics for respondents with parents in the top income tercile. The third column
reports the BA completion rate for those who immediate enroll; the fourth column reports enrollment rates within 7
years of completing high school for respondents with parents in the top income tercile. Sample: varies across columns.
Source: NLSYO97.

Table A3 reports BA enrollment rates within 1 year of high school graduation (immediate), 1
year after high school graduation (1 year delay) and at some point over the sample (ever), for the

population of high school graduates.



Table A3: BA enrollment rates (immediate, 1 year delay, ever)

Immediate 1 year delay Ever
0.452 0.031 0.618

Notes: This table presents enrollment rates by timing categories. Sample: high school graduates. Source: NLSY97.

Table A4 reports immediate, delayed, and overall enrollment rates by skill tercile and parental
income tercile.
Table A4: Enrollment in BA by income and skill

BA enrollment timing

Skill Income Immediately Delayed Ever
1 0.124 0.134  0.259

1 2 0.207 0.128 0.335

3 0.238 0.200  0.438

1 0.313 0.254  0.567

2 2 0.339 0.214  0.554
3 0.512 0.192 0.704

1 0.534 0.207 0.741

3 2 0.669 0.161 0.831
3 0.787 0.104  0.892

Total 0.452 0.166 0.618

Observations 2,589

Notes: This table immediate, delayed, and overall ("ever") enrollment rates by skill tercile and parental income tercile.
Sample: high school graduates. Source: NLSY97.

Table A5 tabulates the share of those who ever enroll in a BA who previously enrolled in another
type of postsecondary education (PSE). Most of enrollees (almost 75 percent) who delay enroll-

ment by at least one year previously enrolled in a sub-baccalaureate program.

Table AS: Share of delayed BA enrollees who enrolled in other PSE beforehand

Delayed BA enrollee
Previously enrolled in sub-baccalaureate program 0.749
Observations 430

Notes: This table presents the share of delayed BA enrollees who enroll in a sub-baccalaureate program before en-
rolling. Sample: high school graduates who enroll in a BA at least 1 year after high school graduation. Source:
NLSY97.

A.1.4 Life cycle earnings profile estimation

The model of the main text incorporates life cycle earnings profiles that vary with age, skill endow-
ment, and education level. This quantity of efficiency units a worker has at age j has a determin-

istic component, €; . ;, and a stochastic component, 7. Besides age, the deterministic component
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depends on education, e, and skill, s:

Ej,e,s = €xp ( f,lj + ﬁ:?jQ + ﬂé&jg + 6:,3)

The stochastic component follows an AR(1) process with a persistence parameter, p., and a vari-
ance, ag, of the Normal distribution from which the error term v, is drawn which are both indexed
by education, e.

77/ = Pel) + Ve, Ve~ N (070-§>

To estimate the parameters of the earnings profile (following Abbott et al. (2019) and Moschini
et al. (2024)), we use the Panel Study of Income Dynamics or PSID in combination with the
NLSY97 to discipline the deterministic component of the life cycle profile of earnings and the
distribution of shocks. Our sample selection procedure is the same as Moschini et al. (2024),
except that we convert to 2012 dollars. Because we then continue to drop observations with wages
above 400 dollars and below 1 dollar, comparing 2012 dollars to this threshold yields a slightly
different sample count.

Note also that we use both the PSID and NLSY97 because the longer panel dimension of the
PSID allows us to observe more ages than the NLSY97 and to estimate a more complete life cycle
profile, while the skill measure ASVAB reported in the NLSY97 allows us to account for a college
degree having a potentially different effect on labor earnings for different skill terciles. We estimate
the stochastic component of the earnings process on the residuals from the NLSY97 skill-shifter
estimation, which uses age-free wages cleaned by applying the age profiles estimated using the
PSID.

Table A6 reports the college wage premium by skill tercile in the NLSY97. Here, we compute
median wages for each education grouping and take their ratio, presented in the last column, to
compute the college wage premium within each skill tercile. In Table A7 we report computed
college wage premia by skill tercile using the same sample as the NLSY97 estimations in Table
A6.

A.1.5 Inter vivos transfers

Table A8 reports summary statistics related to inter-vivos transfers on a subset of the life cycle
earnings profile estimation sample used in Appendix A.1.4. In addition to the requirements, to
estimate inter-vivos transfers we require that we observe the respondent when they are between
18 and 23 years of age, that this happen between 1997 and 2003, that the child be an independent
(according to the definition of the NLSY97) and that parental income be nonmissing. With this



Table A6: Life cycle earnings process parameter estimates

Category Data source Parameter Value
Age profile of earnings PSID B 0.0958,0.187
4 —0.00151, —0.00328

ﬂg‘f;;, 0.00000691, 0.0000187

Skill shifters NLSY97 Be s=1 —0.179,—0.247
Be s=2 —0.0644, —0.105

Stochastic components ~ PSID + NLSY97  p. 0.903280, 0.884949
ol 0.052023,0.071802

Notes: This table presents parameters of the life cycle earnings profile’s deterministic and stochastic components.
Sample: high school graduates. Source: PSID and NLSY97.

Table A7: BA wage premium: ratio of median wages

Skill Wage HS Obs(wage HS) Wage BA Obs(wage BA) BA wage premium

1 13.12 7,404 17.75 1,013 1.35
2 15.29 5,764 21.10 2,706 1.38
3 16.43 3,185 24.18 5,657 1.47

Notes: This table presents the skill-specific wage premium in the NLSY97.

sample, we compute inter-vivos transfers as described in Moschini et al. (2024). Note that because
the sample for the life cycle profile estimation is affected by our choice of base year for dollar
values, and the inter-vivos transfer sample is a subset of life cycle profile estimation sample, the

moments in Table A8 differ slightly from the analogous table in Moschini et al. (2024).

Table A8: Inter-vivos transfers: average transfers + sample summary statistics

Variable Mean
Transfer ratio 0.588
Transfers 6,389
Transfers not allowance 663
Allowance 169
Imputed rent 6,467
Observations 8,894

Notes: This table reports statistics related to inter vivos transfers in the NLSY97. Sample: independents aged 18-23
from 1997 to 2003. Dollars are in real values. Observations are at individual-year level. Source: NLSY97.

A.2 The High School Longitudinal Study of 2009

The High School Longitudinal Study of 2009 (HSLS:09) is a panel survey conducted by the United
States Department of Education that is representative of 9th graders in the US in 2009. The panel
collects information in the base year of 2009 (BY), in a first follow-up in 2011 (F1), an update
in the summer of 2013 (2013 Update), in a second follow-up in 2016 (F2) and via postsecondary



transcripts and student records (PETS-SR). The BY and F1 rounds of data collection implement
several questionnaires to sample members, their parents, and school administrators. In the 2013
Update either the student or the parent completes a questionnaire; in F2, only the student completes
a questionnaire. PETS-SR contains information collected directly from postsecondary institutions

and administrative records (e.g., federal student loan balances).

We use the HSLS:09 for two main purposes: first, to provide supporting evidence for the points
made using the NLSY97 in the main text; and, second, to discipline parameterization moments

related to financial aid and labor supply during college enrollment.

Our HSLS:09 estimation sample requires that students earn a high school diploma in 2013 and
have valid observations for honors-weighted high school GPA, parental education, and parental
income. A valid parental income observations means we can see discretized parent income at least
once before high school completion; if we observe it twice, we use the average value after correct-
ing for inflation. We also require that the respondent live with at least one parent at some point in
the first two waves of data collection. In addition, we require that we have sufficient information
to construct the respondent’s postsecondary education outcome and that this outcome satisfy basic
consistency conditions. This amounts to requiring that, for those who we flag as enrollees, the
PETS/SR data collection have variables reflecting the first year of postsecondary enrollment pop-
ulated and consistent with one another. Those we flag as not enrolling in postsecondary education
are not required to have PETS/SR records (which are only collected for those with an institutional

postsecondary education record).

A.2.1 Imputing income values from the CPS ASEC

We use the Current Population Survey’s Annual Socioeconomic Supplement (CPS ASEC) in 2009
and 2012 to compute within-bin average incomes that we impute to income bins in the base year
and first follow-up waves of the HSLS:09 to assign income a real dollar value. Table A9 reports
these dollar values for each income bin. Income bin thresholds are drawn from the HSLS:09.
These moments are computed for total income at the tax unit level. For the 2008 income values
the sample is observations with a child between 13 and 14 and adults between 35 and 70 in 2009,
while for the 2011 income values the sample is households with a child between 16 and 17 and
adults between 35 and 70 in 2012. The ages of the child in these sample selection criteria reflect

the ages of sample members in the base year and first follow up waves of the HSLS:09.



Table A9: Median income and federal tax liability (CPS ASEC) by income bin

Income bin Income (2008) Income (2011)

9,093 8,590
2 26,665 25,547
3 47,996 45,459
4 69,274 66,329
5 89,642 85,814
6 110,462 105,764
7 131,864 126,571
8 154,134 148,174
9 175,026 167,808
10 195,559 187,339
11 217,222 207,419
12 237,512 228,722
13 419,805 315,814
Observations 89,925 87,475

Notes: This table reports the within-bin median income used to impute dollar values to the HSLS:09 family income
variable. These imputation moments from the CPS ASEC in real dollars, rounded to the nearest dollar. Source: 2009
and 2012 CPS ASEC

A.2.2 The relationship of BA enrollment to skill and income

Table A10 reports Average Marginal Effects (AMEs) from a probit regression analogous to that of
Table 2 of the main text, which is run on the NLSY97. Coefficients are presented in Table A11. The
HSLS:09 is a different cohort than the NLSY97 (finishing high school between 10 and 15 years
later), and the former survey has a shorter panel dimension. Nevertheless, enrolling within three
years after completing high school is less likely for lower income and lower skill respondents in
the HSLS:09 (model 1 of Table A10), just as in the NLSY97. It is also true that, in the HSLS:09,
those who enroll in a BA at some point 3 years after completing high school are more likely to
delay enrollment (model 3 of Table A10). AMEs in model (3) are slighly decreasing with respect
to income, and it is still true compared to poorer BA enrollees the top income tercile is relatively
less likely to have delayed enrollment by at least one year.

Table A10: AMEs: BA enrollment as a function of attributes

Variable (1) Ever (2) Delayed (3) Delayed
Flag: Income tercile 1 -0.290 -0.0154 0.0607
(0.0259) (0.0132) (0.0265)
Flag: Income tercile 2 -0.170 0.0128 0.0598
(0.0216) (0.0120) (0.0177)
Flag: Skill tercile 1 -0.557 -0.00932 0.192
(0.0218) (0.0130) (0.0349)
Flag: Skill tercile 2 -0.253 0.0183 0.0707
(0.0216) (0.0142) (0.0199)
Observations 7,193 7,193 4,392
Sample HS grads HS grads Ever enrolled

Notes: This table reports probit AMEs for an analogous exercise to the NLSY97 probit of the main text. Sample
descriptions details are in provided in the text. Weights: Second follow up student longitudinal weights. Source:
HSLS:09.



Table A11: Regression coefficients: BA enrollment as a function of attributes

Variable (1) Ever (2) Delayed (3) Delayed
Flag: Income tercile 1 -0.963 -0.109 0.286
(0.0843) (0.0949) (0.115)
Flag: Income tercile 2 -0.589 0.0790 0.282
(0.0746) (0.0739) (0.0783)
Flag: Skill tercile 1 -1.695 -0.0656 0.752
(0.0706) (0.0922) (0.115)
Flag: Skill tercile 2 -0.839 0.114 0.341
(0.0696) (0.0881) (0.0920)
Constant 1.518 -1.406 -1.445
(0.0650) (0.0638) (0.0660)
Observations 7,193 7,193 4,392
Sample HS grads HS grads Ever enrolled

Notes: This table reports regression coefficients for the AMEs of Table A11. Weights: Second follow up student
longitudinal weights. Source: HSLS:09.

A.2.3 Estimation moments for externally estimated parameters

Tables A12, A13, and A14 report tabulations used for parameterizing the model framework com-
puted with the HSLS:09. Specifically, Table A12 reports the average hours worked in the third
year of college for all enrollees. Table A13 reports grants received as a shre of tuition and fees by
skill tercile. Lastly, focusing on Pell grants, Table A14 reports Pell grant receipt and conditional

amounts by skill tercile for those who enroll in college immediately after completing high school.

Table A12: Hours worked in Y3

Hours | enrollee Y3  13.95

Notes: This table reports average hours worked per week for third-year college students. Weights: Second follow up
student longitudinal weights. Source: HSLS:09.

Table A13: Grants subsidy rate by skill bin

Skill tercile  Grants/TF  Prv Grants/TF  Pub Grants/TF  Pell grants/TF  Pub Grants net Pell/TF

1 0.444 0.133 0.311 0.114 0.197
2 0.460 0.138 0.322 0.094 0.227
3 0.528 0.158 0.370 0.064 0.306

Notes: This table reports grant subsidy rates broken down by skill tercile, for several grant categories. Weights: PETS-
SR longitudinal weights. Source: HSLS:09.

A.3 Income tax progressivity 7,

To estimate the income tax progressivity parameter 7, we apply the estimation method of the
robustness exercise described in Heathcote, Storesletten, and Violante (2017) to aggregate data
published in “The Distribution of Household Income” by the Congressional Budget Office (CBO)



Table A14: Pell grant receipt and conditional amounts by income tercile

Skill tercile  Share Pell>0 Pell | Pell>0

1 79.73 4,925

2 43.20 3,855

3 7.85 4,105

Total 32.45 4,361
Observations 2,638

Notes: This table reports Pell grant rates of receipt and conditional means among first-year college enrollees. Sample:
Fall 2013 BA enrollees. Weights: Second follow up student longitudinal weights. Source: HSLS:09.

for 2014 and 2015 (U.S. Congressional Budget Office, 2018a,b). Table A15 reports the baseline
federal tax rate in column (1), and transfer rates from Temporary Assistance to Needy Families
(TANF), Supplemental Nutrition Assistance Program (SNAP), and Supplemental Security Income
(SSD in columns (2), (3), and (4), respectively. The net tax rate in column (5) is measured the
federal tax rate (which includes refundable credits) net of the transfer rates from TANF, SNAP, and
SSI. Pretax income and its log are in columns (6) and (7); the log of after-tax income is in column
(8), computed as log ((6) x (1 — (5))).

Table A15: Income and tax data from CBO reports

Percentiles @ 2) 3 @ (5) ) 7) (6]
Year Min Max Fed. tax TANF SNAP SSI Nettax Ave.Y log(Y) log(Yar)
2014 99 100 33.6 33.6 1.77 0.25 0.07
9% 99 26.7 26.7 0.34 -0.47 -0.60
91 95 234 234 0.21 -0.69 -0.80
81 90 21.2 21.2 0.15 -0.82 -0.92
60 80 17.8 17.8 0.10 -0.98 -1.07
40 60 14.0 14.0 0.07 -1.16 -1.23
20 40 9.1 1.6 1.6 1.1 4.8 0.04 -1.38 -1.40
0 20 1.9 6.6 97 70 -214 0.02 -1.72 -1.63
2015 99 100 334 333 1.86 0.27 0.09
9 99 26.7 26.7 0.36 -0.45 -0.58
91 95 23.6 23.6 0.21 -0.67 -0.79
81 90 21.3 21.3 0.16 -0.80 -0.91
60 80 17.9 17.9 0.11 -0.97 -1.05
40 60 14.0 0.5 13.5 0.07 -1.15 -1.21
20 40 9.2 1.6 14 09 54 0.04 -1.36 -1.38
0 20 1.5 6.5 9.0 6.7 -20.7 0.02 -1.79 -1.62

Notes: This table reports data used to estimate 7,. Data is from 2014 and 2015, and dollar values in column (6) are
in millions of current USD. After-tax income is defined as Y1 = (1 — M) Y, where the net tax rate is defined as

100
G)=1)—=(2)-B) - .

The estimation equation uses the relationship between after-tax income and pretax income in logs:
log (Yar) = log (A) + (1 — 7,) log (Y). The estimation equation is log (Yar) = By + 51 log (Y),
where 3; = 1 — 7,. The dependent variable is column (8) from , and the independent variable is
column (7), in Table A15. We use an Ordinary Least Squares or OLS estimator, and weight each

row’s observation using population shares for each row, implied by the row’s percentiles. Table
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A16 presents estimation results. The annual estimated value for 7, over this time period is on

average 0.177.

Table A16: Estimation results: 7,

Coefficient 2014 2015

51 0.822  (0.0250) 0.824  (0.0244)
Bo -0.251 (0.0309) -0.246 (0.0298)
Annual: 7y  0.178 0.176

Average: 7,  0.177

Notes: This table reports estimation results. Standard errors in parentheses.

A.4 Consumption tax rate 7,

We apply equation (5) of Mendoza, Razin, and Tesar (1994) to OECD data for the 2013-2015
period (OECD, 2024a,b,c). This equation is:

0110, + 5121,
Cy + Gy — GW, — 5110, — 5121,

Ter = 100 x (11)

Table A17 summarizes estimation data (Panels A, B, and C) and estimation results (Panel D). We

parameterize 7. as the average of annual estimated values from 2013 to 2015: 0.044.

Table A17: OECD data and 7, estimation results

Variable Description 2013 2014 2015 Source

Panel A: Total tax revenue (all levels of government)

5110 General taxes on goods and services 343,853 361,685 374,173 OECD (2024c¢)
5121 Excises 154,390 155,976 156,902

Panel B: Final consumption expenditure

C Private 11,040,849 11,521,194 11,933,651 OECD (2024b)
G Government 2,530,745 2,562,276 2,603,988 OECD (2024a)
Panel C: Compensation of employees by source

GW Paid by producers of gov’t services 1,665,524 1,706,888 1,758,064 OECD (2024a)
Panel D: Estimation results for 7.

Tert Annual rate (share) 0.044 0.044 0.043

Te Average rate (share) 0.044

Notes: This table reports OECD data used in the consumption tax rate estimation and the estimation results. Dollar
values are in millions of current USD for that year, rounded to the nearest dollar.
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B Model Appendix

B.1 Consumer value functions after highest educational attainment

This section presents the value functions after the highest level of educational attainment is perma-

nently determined.

Consumers are required to begin student loan payments the year after they are no longer enrolled in
college regardless of whether or not they completed college. The idiosyncratic state of a consumer

when j # j; + j, is given by the tuple (j, e, s, 7, a). The consumer’s value function is given by

V(e s,ma)= max (1-d)VE(j.e s,m,a) +d;Vo( e, 5,1, 0) (12)

where d; denotes the student loan delinquency decision. The objects V(-) and V?(-) denote

the value of repayment and the value of delinquency, respectively. The value of repayment for
J # Jjf + Ja is given by
VE(jieos,ma) = _max Ule,a,j.de = 0,dy = 0) + Bt Eyie,V(j + Lessf ) (13)
c>0,a’ ,x€
s.t.
(1 + Tc)c + a = Yj.e,snax +a+ ]I{a<0}TSLa + Trj - T(yj,e,s,n,a,ac)
CL/ > Hlll’l[(l + TSL>a’ + pR(ju CL), 0]

The constraint on @’ is the loan repayment constraint, which requires that if the consumer has out-
standing federal loans, then the consumer must repay at least pr(j, a) of the outstanding principal

plus interest.

Alternatively, these consumers can choose delinquency. The value function for j # j; + j, is given
by

VD(.ja €,S,1, CL) = >HOlaXX U<Ca x, j> de = 07 df = 1) + ﬁ¢jEn’|e,nv<j + 17 €, s, 77/7 a/) (14)
c20,z€

s.t.

(]— + Tc)c = Yjesmazx + Trj - T(yj,e,s,n,a,a:) — PD (.]7 a, yj,e,s,n,a,x)

a, = (1 + TSL)G' + pD(ja a, yj,e,s,n,a,x) - ¢D [pR(]a CL) - pD(jv a, yj,e,sm,a,:c)]

In the case of delinquency, consumers do not make a consumption-savings decision. Instead, they
have their wage garnished to make a partial payment pp(j, @, Y s.nq.0)- Therefore, they consume

whatever remains from their disposable income, plus accidental bequests, after making the par-
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tial payment. The parameter ¢ is the fraction of the missed payment, the difference between
full payment and partial payment, that is charged as a collection fee. The outstanding principal
plus interest is then augmented by the missed payment plus the collection fee (net of any partial
payment). During delinquency the consumer also faces a stigma cost, which is represented in the

utility function in equation (1) by &p.

When j = j; + j,, in addition to the choices described above, the parent chooses an inter vivos
transfer to their child, who will become an independent agent in that period. At the start of age
Jf + Ja» the parent draws their child’s skill type and then chooses whether or not to be delinquent
on any student debt payments; the EFC of the child, f, is determined based on parental income,
parental net assets, and the respective probabilities of qualifying for a professional judgment. The

value function before the draw of child skill type is given by

V(j,e s,m,a)= ZTI’SC(SC) [dfnel%)i}(l —d)\VE(j e, 8,m,a,8.) +dsVP(j e, 8,n,a,8.)] (15)

where 7, (s.) is the probability over child skill. The value of repayment for j = j; + j, is given
by

VE(j,e s,m,a,8)= max Ul(cx,j,d, =0, dy =0)+ Y EyenV(j+ 1,650, d)+

¢>0,a z€X,ac
(16)
BeBypie[mans W (se, 7 ey EFC(5,0,0)) + (1= maar (7)) W (s, aes EFC(70,1))]
s.t.
(1+7)e+d +ac=Yjesnan + @+ rsraloco + T — T(Yjesman)
a' > min[(1 4 rsz)a + pr(j, a), 0]
a. >0

Y = Yjesmnaa=ft

where EF'C(-) is the EFC formula defined in equation (19), a. is the inter vivos transfer to the
child, W (-) is the child’s value function, . disciplines the intensity of parental altruism toward the
child, m447(-) is the probability with which the child does not qualify for a professional judgment
by the aid administrator, and g is income at full time work hours, x = ft. When computing the
EFC, parental income assuming full time work hours is used to avoid moral hazard incentives with
respect to hours worked; otherwise, the parent may have an incentive to work fewer hours to lower
the EFC so that the child qualifies for more need-based aid.'*

14In reality, this moral hazard incentive is most likely not big because the EFC is updated for every academic year of
college. In our model, for the purposes of tractability, the EFC is determined in the year that the child leaves the
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When j = j¢ + j, and the consumer chooses delinquency, we assume for simplicity that those
consumers cannot make an inter vivos transfer to their child. Therefore, the value functions for
delinquency are the same as in equation (14), with the difference that the parent has a term reflect-

ing altruistic utility toward their child in their objective function.

B.2 Additional functional forms and equilibrium definition

This section presents functional forms not provided in the main text in Section 3.1 and the equilib-

rium definition.

Professional judgment probability function. With probability 74 4;(y), an 18-year-old does not

qualify for a professional judgment by the aid administrator. This probability function is given by

Taar(y) =1 — exp(—daary) (17)

where ¢ 447 governs the rate at which the probability function is increasing in .

Adjusted available income function. When the applicant does not qualify for an automatic zero
EFC, the EFC is determined using a schedule provided in the second case of the EFC formula in
equation (19). The input into the schedule is adjusted available income, which is computed using

the function given by

Yadi (Y, @, dpj) = [(1 = dp;) + dpjTaar]ly — T(y) + Ta max(—a — aprot, 0)] (18)

where 7, and a,,,+ denote the asset conversion rate and the asset protection allowance, respectively.

Expected family contribution function. The function to determine the EFC is given by

0 ify < _og or T <0
EFC(y,a,d,;) = Y= Ypro=o ) < (19)

Fit Trilbagi (v, @, dyg) =Ygl else, Ypi < Yog < Yran

for i« = 1,...,n;. If parental income is less than or equal to the zero EFC income threshold,
YEFC—0, OF income tax is less than O (i.e., positive transfers), then the expected family contribution
is an automatic 0. Otherwise, the EFC is determined using the EFC schedule after computing the

adjusted available income using equation (18).

Full payment function. Federal student loan repayment leads to a full payment given by the

household and stays constant thereafter.
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function

rsL .
= I, + (1 +rsp)l; a ifa<0
pR(j7 a) = 1-— (1 + TSL)_(TSL+1_J) i<TsL ( SL) 7>Tst (20)

0 otherwise

If there is an outstanding balance and j is still within Ts;, periods of repayment, then the loan is
amortized with an interest rate of gy ; otherwise, the outstanding principal plus interest is due. If

there is no outstanding loan balance, the payment amount is zero.

Partial payment function. Federal student loan delinquency leads to a partial payment given by
the function

pD(j? a, y) = min[TQ max[y - T(y) - ga O]a pR(j’ CL)] (21)

To present the function for Social Security transfers and then define the equilibrium, we must first
discuss notation. Let & denote the idiosyncratic state of a consumer. This state depends on age

and enrollment status in the following way:

ja678777aa780) lf]:]f+]a

Furthermore, let ddﬁt(ﬁ) denote the dropout decisions that solve the endogenous discrete dropout

problems in the continuation values of equation (9).

Social Security transfer function. Social Security transfers are set equal to a fraction x of the
average labor earnings for the 30 years before retirement (conditional on education and skill), plus
the average unconditional labor earnings for the 30 years before retirement, divided by two. The

transfer function is given by

(23)

88¢5 =

X fwen6j167sx(ﬁ)9td(ﬁ|l8 <j<Jjres) fwenejvevsw(ﬁ)ﬁtd(ﬁlw <7<
2 [ud(D18 < j < jr,e,5) [ ud(T|18 < j < jr)

Although we compute the transition path in our analysis, thus far we omitted time subscripts for

the ease of exposition. For the definition of equilibrium, we include a time subscript, ¢, to indicate

15

.
(s,n,a, f) for 18-year-olds, before realization of college enrollment option shock
(j,¢,s,m,a,f) for potential future enrollees

W= (4, jes X, 8,m,a, f)  for consumers in college (22)
(7,€,8,1m,a) for consumers who will never enroll, dropouts, or graduates, if 7 # j; + J,
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which variables may change along a transition path.

Equilibrium definition. Given an initial level of capital stock K and an initial distribution over
idiosyncratic states €2 (ﬁ), a competitive equilibrium consists sequences of household value func-
tions {W,(W), VPFE (W), VBA, (W), Vi(W), VE(WD), V;,P()}, household college entrance and
dropout policy functions {d. (&), dg;(W)}, household consumption, hours worked, and next
period asset policy functions {c¢,(&), z;(&), a},(W)}, household delinquency policy functions
{d;+()}, household inter vivos transfer policy function {a.(w )}, production plans

{Y:, Ky, Ly, Loy, Li ¢ }, tax policies {7;}, prices {r:, we, wp+}, Social Security transfers {ss;. s},
accidental bequests {7’ ;}, and measures {€2, (<J)} such that:

(i) Given prices, transfers, and policies, the value functions and household policy functions solve
the consumer problems in equations (8)-(10) and (12)-(16);

(i1) The saving interest rate and wage rates satisfy firm first order conditions;

(iii) Social Security transfers satisfy equation (23);

(iv) Accidental bequests are transferred to households between ages 50 and 60 (33 < j < 43) after

deducting expenditure on private education subsidies'’

f(l B wj)aé(ﬁ)gtd(ﬁ) - fepr(s)]le:h andje{1,2,374}Qt+1d(ﬁ)

Triv; = (24)
! 2?133 Nt
where IV, ; denotes the mass of population of age j at time ¢;
(v) Government budget constraint balances as follows, by adjusting ~:
/[cht(ﬁ) + T(yt,j,e,s,n,a)]Qtd(ﬁ) = Gt + Et + Dt + SSt (25)

where Gy, E;, D,, and SS; are government consumption, total public education subsidy, federal
student loan program expenditure, and Social Security expenditure;

(vi) Labor, capital, and goods markets clear in every period ¢; and

(vii) Q1 =11, (Qt), where 11, is the law of motion that is consistent with consumer household
policy functions and the exogenous processes for population, labor productivities, skill, and the

probabilities of being allowed to continue college.

Note that in the stationary equilibrium, the the equilibrium distribution will be stationary, and all

aggregates, prices, taxes, and transfers will be constant, and all value functions and policy functions

13Tn our baseline calibration and in all of the counterfactual exercises, accidental bequests are always positive because
the assets of those who die exceed the expenditure on private subsidies to education costs. If they did not exceed
private subsidies, then bequests would be negative, which is equivalent to a lump-sum tax.
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will be time invariant.

B.3 Computational algorithm

This section presents the computational algorithm to solve for the stationary equilibrium. The
algorithm for the transition path is analogous except that the value functions, policy functions,

prices, taxes, transfers, and distributions are indexed by a time subscript.

1. Guess interest rate, rgyess, WAge rates, Wy guess ANd Wy, guess» the level parameter for the income tax
rate, Yauess, S0cial Security transfers, ss. s ouess, and accidental bequests, 77 guess
2. Use backward induction to solve consumer problems during the empty nester and retirement
phases from j = j; + j, + 1,..., J (equations (12)-(14))
3. Guess value function before college, Wyess (s, 7, @, f) (equation (8))
4. Use backward induction to solve consumer problem from j = 1,..., j; + j, (equations (8)-(16).
In solving the consumer problem at j = j; + jq, use Wyess(s, 7, a, f) for the altruism term.
5. Use new value before college to update Wy (s, 7, @, f); repeat 4.-5. until convergence
6. Guess initial distribution of 18-year-old consumers 2(j = 1, 5,7, @, f)auess
7. Simulate and solve for distribution of 2 for j =2,...,J
8. Use distribution of (2 for j = j; + j,, exogenous processes for college enrollment option
shock, child skill, productivity, and qualification for professional judgment, and inter vivos trans-
fers policy function to compute new estimates for distribution of initial 18-year-old consumers
Q@ =1,s,1,a,f)
9. Update Q2(j = 1, 5,7, a, f)aess and repeat 7.-9. until convergence
10. Given the stationary distribution of €2 for j = 1, ..., J, solve for new guesses:

* Compute interest and wage rates from the firm’s first order conditions

* Compute the level parameter for the income tax rate using the government budget constraint

(equation (25))
* Compute Social Security transfers and accidental bequests (equations (23) and (24))

11. Update guesses in 1., and repeat steps 2.-11. until convergence

B.4 Welfare computation

To measure welfare changes for the 18-year-old consumer, we use consumption-leisure equivalent
variation. We measure consumption-leisure equivalence units relative to the value of not going to
college in the initial stationary equilibrium. We do this because the value of not going to college
does not include any utility fixed costs or benefits. This approach is similar to that of Abbott,
Gallipoli, Meghir, and Violante (2019), Moschini, Raveendranathan, and Xu (2024), and Moschini
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and Raveendranathan (2024). For the average 18-year-old in period ¢ of the transition to the new
stationary steady state, the consumption-leisure equivalent variation, g, ¢, is computed using the

following equation

(1+gcx,t)1_a/Mnitial(17£757na a)Qinitiald<ﬁ) :/Wt(37n7aa f)Qtd<ﬁ) (26)

where on the left-hand side of the equation, “initial" refers to the initial stationary equilibrium.
To compute the resulting gains or losses from a policy change in consumption-leisure equivalent
units, we report the difference between period ¢ and the initial stationary equilibrium: 100 X (et —
ez imitial)- When measuring welfare holding the distribution of 18-year-old consumers fixed to that
from the initial stationary equilibrium, we use the distribution €2;,;;, instead of ) for the right-hand

side of equation (26).

C Results Appendix

C.1 Initial distribution of assets among high school graduates

Figure C1 depicts the initial distribution of assets among high school graduates in the baseline

calibration. The initial assets are determined by inter vivos transfers received from the parents.
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Figure C1: Initial distribution of assets among high school graduates
Notes: The figure depicts the initial distribution of assets among high school graduates in the baseline calibration. Net

assets are reported in the units of the numeraire, where the GDP per capita for 18+ is calibrated so that it is equal to
one in the baseline calibration.
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C.2 Enrollment decision by persistent earnings

Figure C2 depicts the enrollment decision by years since high school completion across panels in
the baseline calibration. Within each panel, the decision is reported by the percentile of persistent
earnings for those with low skill and high skill. Additional details on the consumers’ state space

are provided in the figure notes.

The figure illustrates that waiting for higher persistent earnings is not a first order reason to delay
enrollment in our calibrated model. With each year since high school completion, the highest
threshold at which the consumer enrolls shifts to the right. At the same time, earnings realizations
from the AR(1) process are highly persistent in our estimation (Table 7). As a result, the likelihood

of enrolling later in the life cycle due to an increase in persistent earnings is small.

Yes | Yes : , Yes I
.g , .5 Skill endowrr.lent ,§ |
@ , k2] —Low - -High , RZ] I
Q I Q Q
(5] / Q I} Q 1
< X , o ° I
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No : No L No
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
persistent earnings (percentile) persistent earnings (percentile) persistent earnings (percentile)
(a) Baseline: years =0 (b) Baseline: years = 1 (c) Baseline: years =2

Figure C2: Enrollment by years since high school completion and persistent earnings and skill
Notes: The figure depicts the enrollment decision by years since high school completion across panels in the baseline
calibration. Within each panel, the decision is reported by the percentile of persistent earnings for those with low skill

and high skill. We restrict our analysis to a consumer who has zero net assets and whose EFC is zero (that is, they are
eligible for the most need-based federal aid).

C.3 Loan limit expansion welfare changes

Table A18 reports the welfare changes resulting from the federal student loan limit expansion

experiment for high school graduates based on their parental income and skill.
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Table A18: Welfare changes in consumption-leisure units

Skill tercile

Parental income tercile Low Medium High

1 0.99 1.88 2.82
2 0.74 1.18  1.34
3 0.38 0.11 -1.02

Notes: The table presents welfare changes for high school graduates by parental income and skill after a federal loan
limit expansion of 100 percent. Welfare changes are reported as percentage point changes in lifetime consumption-

leisure equivalent units.
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