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Abstract

We present a theory of intergenerational persistence in college attainment (a Bachelor’s de-
gree, BD) guided by two well-documented empirical regularities: (i) patient individuals are more
likely to be college graduates and (ii) patience persists across generations because parents choose
to transmit it to their children, among other non-cognitive traits. To the best of our knowledge,
we are the first to formalize and evaluate these mechanisms in a general equilibrium model. In
the model, (i) and (ii) are endogenous outcomes implying college persistence. “Standard mech-
anisms”, i.e., credit constraints, parental investments, or exogenous persistence in cognitive
ability are not necessary. Theoretically, we characterize the conditions for college persistence
and show that patience persistence is necessary for college persistence. Empirically, the baseline
model without ability persistence, calibrated to U.S. data, matches college persistence and cross
sectional inequality moments while accounting for 30% of earnings persistence. An augmented
model, with exogenous ability persistence, reveals that ability persistence accounts for 80% of
earnings persistence and 10% of college persistence. The remainder of college persistence is ac-
counted for by endogenous persistence in patience. Ability persistence in the augmented model
is a reduced form for the combined effects of the standard mechanisms. So, our finding that
the standard mechanisms matter for earnings persistence is in line with the literature, while
our finding that they matter little for college persistence, once patience is modeled, is new. We
implement a policy experiment in which a college subsidy is financed via a proportional tax on
labor income. The policy distorts intertemporal trade-offs and, hence, affects people differently
depending on their patience. Overall college attainment and its persistence increase. Specifi-
cally, the policy raises the likelihood of a BD for individuals whose parents have a BD and it
lowers that likelihood for individuals whose parents do not have a BD. This result differs from
that of the existing literature where college subsidies alleviate credit constraints and reduce
persistence.
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Patience.

*We thank Domenico Ferraro, George-Levi Gayle, Lance Lochner, Mariacristina De Nardi, B. Ravikumar, and
participants at the Saint Louis Fed brown bag seminar, Midwest Macro Meetings, 4th Annual Labor Markets and
Macroeconomic Outcomes Conference, BSE 2025, SED 2025, and SAET 2025 for useful comments. The views
expressed in this article are those of the authors and do not necessarily reflect the views of the Federal Reserve Bank
of St. Louis or the Federal Reserve System.

fUniversity of Wisconsin-Oshkosh; Email: fullerd@uwosh.edu

fResearch Division, Federal Reserve Bank of St. Louis, P.O. Box 442, St. Louis, MO 63166, USA; Email:
guillaumevdb@gmail.com.



1 INTRODUCTION

Educational attainment, which is associated with higher income, better health, and longer lives,
critically depends on parental educational attainment. In the United States, individuals born in the
1980s have a 64% probability of attaining a bachelor’s degree (BD, hereafter) if at least one parent
holds a BD, compared to just 24% if neither parent does (Ernst et al., 2024). In short, standards
of living persist across generations through education. This persistence is a source of inequality
and, as such, the subject of a vast literature. We propose a theory where college persistence arises
from a mechanism which has been documented but neither formalized nor evaluated in a general

equilibrium model: the intergenerational persistence of time preferences.

The existing literature attributes persistence to a combination of factors, including exogenous
cognitive ability persistence, parental transfers and investments, and credit constraints (e.g., Becker
and Tomes, 1979, 1986, Keane and Wolpin, 2001, Restuccia and Urrutia, 2004, Lee and Seshadri,
2019, Cordoba et al., 2016).> Quantitatively, exogenous cognitive ability persistence can account
for a large fraction of observed earnings persistence: Restuccia and Urrutia (2004) find 50%, Lee
and Seshadri (2019) find 66%, and Cordoba et al. (2016) find more than 100%.2 This literature is
often agnostic as to the source of the exogenous persistence, whether innate or resulting from prior
parental investment. However, evidence of persistence between parents and their adopted children
implies that there exist forces beyond exogenous persistence in innate traits (e.g., Sacerdote, 2000,
2007, 2011, Bjorklund et al., 2006), and, hence, further justifies the literature’s emphasis on parental
investments in the cognitive ability of their children, and the role credit constraints may play in

distorting such investments.

There is also evidence that non-cognitive traits matter for educational attainment (e.g., Heckman
et al., 2006, Almlund et al., 2011, Black and Devereux, 2011). In this regard, we note two important
empirical findings supported by a large literature: First, patient individuals tend to achieve higher
educational attainment. Second, patience persists across generations because parents transmit it,
among other non-cognitive traits, to their children. Taken together, these observations indicate
the existence of a channel for persistence that, to the best of our knowledge, we are the first to

formalize and evaluate in the context of a standard neo-classical general equilibrium model.

In our model, the above empirical findings are equilibrium outcomes implying persistence. Time
preferences are heterogeneous, i.e., there are patient and impatient individuals, and endogenous,
i.e., parents can exert an effort to teach patience to their children. In addition to time preferences,
individuals differ also by their cognitive abilities. We assume no persistence of cognitive ability
in our baseline specification. We also assume perfect credit markets and do not allow parental

transfers or investments in children’s cognitive abilities. These assumptions serve to isolate the

!One notable exception is Gayle et al. (2022) where the differential returns between full-time and part-time jobs
induces high income households to have fewer children while investing more per child.
2Cordoba et al. (2016) endogenous fertility framework introduces a force that mitigate persistence.



mechanism of our baseline specification from the existing literature.

Two assumptions, common in the literature, yield critical implications in the context of our model.
First, we assume a utility cost of college (e.g., Heckman et al., 1998, 2003) to generate the positive
association between patience and college attainment reported in the empirical literature. Second,
we assume that parents value the future welfare of their children to generate the intergenerational
persistence in patience reported in the empirical literature. On the first assumption, we note that
the utility cost of college is critical for the college-patience association only because we assume
perfect credit markets. Without a utility cost, credit constraints would also imply a positive asso-
ciation since impatient individuals would be more likely to be constrained out of attending college.
It is precisely because of this interaction between credit constraints and patience that abstracting
from the former is necessary to show the novel role of the latter. Hence our assumptions of perfect
credit markets and a utility cost of college. The second assumption implies patience persistence
because patient parents value their children’s future welfare more than impatient parents. Thus,
patient parents are more likely to exert the effort of teaching patience to their children. We do not

assume that patient parents are more altruistic towards their children than others.

We make two additional remarks about our theory. First, the literature on credit constraints makes
a critical distinction between credit constraints at early ages and at college-going ages (e.g., Keane
and Wolpin, 2001, Lochner and Monge-Naranjo, 2012, Caucutt and Lochner, 2020). Relaxing the
latter is found to have little impact on college attainment. Relaxing the former, however, is found to
lead to increased parental investments in children prior to the college decision. We interpret these
results as indications that modeling credit constraints at the college-going age is not of first-order
importance for college attainment, and that modeling constraints at early ages is necessary for a
theory of ability and its persistence across generations. We do not propose a theory of ability at the
college-going age. Instead, we take ability to be exogenous and acknowledge, in Section 4.2, that
when we consider persistence in ability, it is a reduced form for the effects of parental investment

and early credit constraints.

Second, patience is not the only non-cognitive traits that may matter for education. Patience,
however, presents a unique characteristic since it matters for both inter- and intra-generational de-
cisions, a fact already pointed out by Becker and Barro (1988) who wrote “Life cycle utilities (...)
are discounted only by time preference, while generational utilities in the dynastic utility function
are discounted also by the degree of altruism toward descendants’ (emphasis added). To see the im-
plication of this dual role of patience, contemplate other factors that may affect college attendance.
Parents could, for instance, teach their children a taste for effort which could manifest itself in a
lower utility cost of college. In such setting, individuals with low utility costs would be the most
likely to attend college. However, this alone cannot constitute a theory of persistence since the
question remains: Why would college-educated parents teach the importance of effort more than
others? The same argument can be applied to other non-cognitive skills and/or aspect of prefer-

ences. Maybe parent can foster curiosity in their children; but again, why would college-educated



parent do it more than others? Both cases require additional assumptions on the transmission
of the traits from parents to children. In contrast, patience accomplishes this without additional

assumptions and is empirically connected to college attainment.

We embed our theory in a general equilibrium model with overlapping generations. Individuals
are endowed at birth with an ability to be productive (a cognitive trait) and a discount factor (a
non-cognitive trait). These traits are drawn from distributions that are independent of one another
and independent of the parents’ traits. Parents can change the discount factor of their children
at a cost, before the children become adults, at which time the children’s birth-ability and their
(possibly changed) discount factor become their adult traits. Adults make the college decision
before they, themselves, are endowed with a child. College increases lifetime wages, but it requires

time (foregone wages) and entails a good cost (tuition) in addition to the utility cost.

At the individual level, the model delivers two sets of threshold rules. First, there are college-
decision rules: Adults with ability above a threshold that depends on their discount factor choose
to attend college. We show that these thresholds decrease with the discount factor, implying
that patient adults are more likely to choose college. Second, there are education-decision rules,
namely rules for whether parents educate their children to the higher discount factor (if their birth-
discount factor was low) or not: Children with ability above a threshold that depends on their
parents’ discount factor get educated in this way. We show that these thresholds also decrease with
the discount factor of the parents, implying that patient parents are more likely to educate their

children to be patient.

At the aggregate level, the model’s equilibrium features a joint distribution of adults by college
attainment and discount factors, as well as a transition function mapping the distribution for
one generation into that of the next generation. We find and analyze the stationary distribution
associated with this process. We show that persistence may be zero because there are “regions
of inaction:” When children have such low ability that college is suboptimal, even with patience;
and when children have such high ability that college is optimal, even with impatience. In both
cases, parents cannot affect their child’s college decision and, hence, persistence cannot hold. For
persistence to be positive, (i) parents must instill patience in their children, and (ii) such choices by
the parent must change the child’s college decisions, and (iii) such effects must differ across parents
with different college attainment. Our main theoretical result, therefore, describes the conditions

under which persistence is either positive or zero.

Another theoretical result describes the conditions under which patience is persistent, and shows
that patience persistence is necessary for college persistence. This is an important result since it
reveals the fundamental mechanism of the model and because, as we indicated earlier, the literature
has already documented direct evidence of its existence. So, through the lenses of the model, the

empirical findings of the literature on patience imply persistence in college attainment indeed.

The baseline model is calibrated to U.S. data from the mid-2010s. By that time, cohorts of in-



dividuals born in the mid-1980s would have completed college if they had chosen to attend. The
calibration targets, in particular, moments related to the level of college attainment and its inter-
generational persistence. Additional targets include moments capturing the dispersion of earnings
both between and within educational groups, specifically the college premium and the coefficient
of variation in earnings conditional on college attainment. The model replicates the persistence of

college attainment across generations while being consistent with cross-sectional income inequality.

In the calibration, the baseline model implies 30% of the persistence in earnings—a non-targeted
moment—measured in the U.S. data (5.3% v. 18%). To further explore this result, we follow the
existing literature and augment the baseline model to allow for exogenous persistence in cognitive
ability. The augmented model is then calibrated to earnings persistence in addition to the original
targets. The model implies that ability persistence amounts to 80% of observed earnings persis-
tence to account for the data. This “large” contribution is consistent with findings in the existing
literature (e.g., Restuccia and Urrutia, 2004, Cordoba et al., 2016, Lee and Seshadri, 2019). To
decompose the relative contribution of ability persistence for college and earnings persistence, we
simulate the augmented model with ability persistence shut down. College persistence declined
by 10%. We conclude from these experiments that ability persistence accounts for 10% of college
persistence whereas it accounts for 80% of earnings persistence. We interpret the persistence in
cognitive ability in the augmented model as a reduced form for the combined effects of innate
persistence, parental investments, and credit constraints. The contributions of our quantitative
work is to show that (i) these standard mechanisms contribute little to college persistence once
patience heterogeneity is modeled, while they account for most of earnings persistence; and (ii) the

persistence in patience accounts for most of the college persistence.

We also use the baseline model to simulate a policy experiment in which a college subsidy is financed
via a proportional labor tax. The policy raises both college attainment and its persistence. The
latter effect obtains because the policy distorts intertemporal tradeoffs via a general equilibrium
effect: The subsidy (applied in the present period) changes prices that apply in the present and
future periods in the labor market. The changes in future prices (relative to present) imply that
the policy affects people differently depending on their patience. Specifically, the policy discourages
impatient individuals to seek a BD. Since impatient individuals are likely to have impatient parents
that do not have a BD, persistence is strengthened. Furthermore, the policy encourages more
patient individuals to seek a BD. Since these individuals are likely to have patient parents that
do have a BD, this second mechanism also strengthens persistence. Interestingly, our results differ
from those in the literature where it is often found that education subsidies reduce intergenerational

persistence by alleviating credit constraints.



2 LITERATURE AND DIRECT EVIDENCE

The fundamental mechanism of our model is the endogenous persistence of patience which implies
the persistence of college attainment. The literature has documented direct evidence of this mech-
anism via two sets of empirical findings: First, the finding that patient individuals tend to achieve
higher educational attainment. Second, the finding that patience persists across generations be-
cause parents transmit it to their children. Below, we describe the relevant literature after a brief

review of the literature on the measurement of patience.
The measurement of time preferences

The measurement of time preferences is the concern of a large and active literature. The interested
reader may consult surveys by Frederick et al. (2002) and Cohen et al. (2020). Time preferences
are often measured via surveys, laboratory, and /or field experiments. Falk et al. (2018), is a recent
example, presenting the Global Preference Survey (GPS), which is a systematic attempt at eliciting
time preferences (among other aspect of preferences) from 80,000 people across 76 countries. The
GPS, as most surveys, elicits time preferences via questions of the form “would you rather receive
x today or y in n months? Depending on the survey, the values of z, y, and n differ. There are
sometime more than one question of this form in a given survey to obtain a precise measure of
patience. In the GPS, for instance, a sequence of 5 questions yields 32 degrees of patience. Other
recent examples, aside from the GPS, rely on similar survey questions. Golsteyn et al. (2014) use
Swedish data from surveys on children at age 13. De Paola and Gioia (2017) use a survey on
students enrolling at the University of Calabria. Alan and Ertac (2018) assess time preferences of

elementary school children in Istanbul.

Some authors rely on surveys where participants are incentivized to be truthful via monetary
rewards, e.g., Harrison et al. (2002), Meier and Sprenger (2010), Tanaka et al. (2010), Falk et al.
(2016), Andreoni and Sprenger (2012), Sutter et al. (2013), and Angerer et al. (2023). In these
studies, participants are asked questions of the form described above, knowing that the monetary

payoff will be effectively delivered according to their preferred timing.

Finally, some authors adopt a revealed-preference approach. DellaVigna and Paserman (2005)
collect PSID and NLSY data on whether individuals smoke and/or drink, have a bank account, use
contraception, have life-insurance, etc. They build a measure of patience from such information.
Hanushek et al. (2023) train a machine-learning model to characterize the relationship between
Facebook interests, revealed by Facebook customers via their activities on their accounts, and

patience from the GPS.
The association between time preferences and educational outcome

Using data from public school districts in Georgia, Castillo et al. (2011) find that impatience is

significantly and positively correlated with behaviors predictive of economic outcomes, e.g., disci-



plinary referrals. Sutter et al. (2013)’s experimental result is that high ability students (as measured
by math grades) are more patient. They further find that patience measured in experiments are
strong predictors of actual behavior in school. Golsteyn et al. (2014) provide evidence of an adverse
relationship between discount rates and school performance, health, labor supply, and lifetime in-
come in Swedish longitudinal data. Using NLSY data, Cadena and Keys (2015) find that impatient
individuals are more likely to drop out of high school or college. De Paola and Gioia (2017) report
a positive association of patience with academic performance for Italian undergraduate students.
Furthermore, they document higher drop-out rates for the impatient students. Falk et al. (2018),
Sunde et al. (2022), and Hanushek et al. (2022) find patience to be strongly associated with student
achievement (measured via PISA scores) and educational attainment across the countries in the
GPS sample. In particular, Falk et al. (2018) report a significantly positive association in more
than 90% of the countries. Hanushek et al. (2023) find similar results across regions of Italy and
the United States. They report that patience accounts for 2/3rd of achievement variation across
Italian regions and for 1/3rd of achievement variation across U.S. states. Angerer et al. (2023) find
patience to be significantly and positively associated with students choosing academic high school

track instead of vocational school tracks.

Beyond educational attainment, DellaVigna and Paserman (2005) present evidence that time prefer-
ences matter for job-search behavior and outcomes. Impatience measures are negatively correlated
with search effort and the unemployment exit as predicted by the hyperbolic-discounting model.
Meier and Sprenger (2010) present evidence that impatient individuals are more likely to have
credit card debts.

The persistence of time preferences

Albanese et al. (2016) use a representative survey of the Italian population, conducted every two
years on a sample of 8,000 people. They report that values and traits, such as patience, are cor-
related with those received from parents and that they are often, in turn, transmitted to children.
Their study emphasizes the “purposeful transmission” of traits and values by parents. Brenge and
Epper (2022) find a substantial transmission of patience from parents to children. Furthermore,
their results suggest that parents’ decisions of how and how often to interact with their children
are determining factors in the transmission of time preferences. Brown and Van der Pol (2015) use
Australian data on young adults (16-25) and their parents. They report a significant relationship
between the time preferences of parents and that of their children. Chowdhury et al. (2022) conduct
a large-scale experiment in rural Bangladesh and find significant persistence of time preferences,
as well as risk preferences. Kosse and Pfeiffer (2012, 2013) find evidence of an associations be-
tween the time preferences of preschool children and their parents in the German Socioeconomic
Panel, a large representative panel survey of households and their individuals. The former paper
emphasizes the correlation between mother and children while the latter paper emphasizes short-
versus long-run patience in a hyperbolic discounting setup. Gauly (2017) also uses the German

Socioeconomic Panel and finds a significantly positive correlation between the patience of children



and that of their mother and father. Furthermore, she indicates that the transmission of patience is
influenced by parents and, hence, goes beyond genetic transmission. Coda Moscarola et al. (2024)
use data on Italian households (parents with children 14-20). They find a positive correlation of
patience between parents and children and, furthermore, find that this correlation is significantly

strengthened when parents take actions to foster their children’s patience.
Additional evidence

Our model’s implications are consistent with other evidence indicating the role of parents in the
development of their children’s preferences and/or pointing out persistence of preferences, albeit

not necessarily time preferences.

Dohmen et al. (2012) and Zumbuehl et al. (2021) document that attitudes such as risk preferences
and trust are transmitted from parents to children. They indicate, in particular, the role of parents
who affect the transmission process of non-cognitive traits by exerting effort. Gronqvist et al. (2017)
study 38 cohorts of Swedish men and find that the intergenerational correlation in non-cognitive
ability is close to that of cognitive ability. Furthermore, using a subset of adopted boys to avoid the
confounding effect of genetics, they find that mothers are instrumental in passing down abilities. Li

et al. (2024) find evidence of significant mother-child correlation of non-cognitive skills in Wuhan.

Doepke and Zilibotti (2017) provide a detailed review the evidence on the effect of parenting
style on children’s school achievement, either across countries, in the historical record, and in
particular datasets such as the NLSY. Guryan et al. (2008) and Ramey and Ramey (2010) report
evidence that parents with a college degree spend more time with their children than parents with
a high school degree. Barnard (2004) report evidence that parents involvement, i.e., non-pecuniary
investment, when children are in elementary school have positive effects on their children later

schooling experience.
Endogenous preferences

Our paper also contributes to a larger literature where models with endogenous preferences have
been developed to tackle a variety of issues: Bisin and Verdier (2000) build a model of marital seg-
regation in a multi-ethnic society; Fernandez et al. (2004) analyze the labor force participation and
education of women; Doepke and Zilibotti (2008) study the socioeconomics of the Industrial Rev-
olution; Becker et al. (2016) present a model where parents can manipulate children’s preferences
toward supporting social security; Doepke and Zilibotti (2017) connect economic development and
parenting styles; in Fernandez-Villaverde et al. (2014), parents’ can shame children into avoiding
premarital sex. Agostinelli et al. (2025) argue that parents are instrumental in the intergenerational
transmission of cultural traits. In the spirit of this literature, ours is a model where parents influence
their children’s discount factor a la Becker and Mulligan (1997) or Bhatt and Ogaki (2012).



3 MODEL

3.1 Environment

Time is discrete. The economy is populated by overlapping generations of individuals and a repre-
sentative firm. The firm hires capital and labor from high school and college graduates in compet-
itive factor markets and produces output via a constant-returns-to-scale technology. Individuals
live for L periods, with childhood lasting from age 1 to A — 1 and adulthood from A to L. Only
adults are economically active. It is convenient to define adult life to last from (adult) age j = 1
to j = J where J = L — A+ 1. One child is born to each adult whose preferences are defined
over consumption and the child’s future welfare. Each newborn is endowed with a type (a,b). The
term a € R, is labor market ability and is distributed i.i.d. across the population according to
the probability measure F'. The term b is a pair (3,d) comprising two discount factors: (3, which
discounts the future utility from consumption; and 9, which discounts the future welfare of children.
There are two pairs of discount factors: by, = (8r,0r) and by = (Bm,dm). Newborns are endowed
with by, with probability p and with by with probability 1 — . We assume By > B and d > dp.

Age-1 adults make two decisions besides consumption and saving. First, before their children are
born, they decide whether to attend college or not. If they do, they pay a goods cost e > 0, a
utility cost ¥ > 0, and they do not work for S periods. When they work, from age S +1 to J, they
supply their market ability a at the rate w® per period. If they do not attend college, they work
from age 1 to J and supply ability at the rate w" per period. There is a perfect credit market

where the interest rate is 7.

Second, after their children are born and their type (a/,V’) revealed, age-1 adults can choose to
exert an effort, with utility cost x > 0, to change their children’s discount factors. For example,
some age-1 adults with by-born children may choose to change their children’s discount factors to
bg so that, at the start of their adults lives, these children are bgy-adults. If they decide to not
change their children’s discount factors, age-1 adults do not need to exert effort and their children’s

adult discount factor are that with which they were born.3

We assume that all children complete high school and that college attendance implies graduation.
Thus, we refer to individuals who attend college as college graduates and to the others as high
school graduates. Furthermore, we refer to the decision to attend college as the “college decision,”
and to the decision to change a child’s birth-b as the “education decision.” When parents exert

effort to change their children’ discount factor, we say the children are “educated.”

3We assume a utility cost of teaching patience for analytical convenience. If good resources (instead of x) were
involved in the teaching of patience the logic of our model would remain the same: We would conclude (see Eq. 14
below) that bg-parents are more likely than bz-parents to educate their children. If time was involved in the teaching
of patience, however, high-ability bg-parents may choose not to educate their children because their opportunity cost
may be too high.



3.2 Production

The representative firm seeks to maximize profit:

max F(K, Lco7 th) . (,r_ + 5K)K — w®L®e — ,whsth’ (1)
K’Lco7th

where L and L' are the demands for efficiency units of labor from college and high school
graduates, respectively. The demand for capital is K and 5 is the rate of depreciation of capital.

The first-order optimality conditions are

K : 0=r7+6k — Fx(K,L®°, L"),
L : 0=w" — Fle (K, LCO, th)’
L% o 0 =wh — Fru(K, L, L").

We adopt the following functional form for the production function:

1—a

F(K, LCO,LhS) — KQ[ZCO(LCO)p +ZhS(LhS)p] -

where o € (0,1) is the capital share of income and p < 1. The elasticity of substitution between

the two types of labor is 1/(1 — p). The parameters z°° and 2" are skill-biased productivity terms.

3.3 Individuals

Let V(a,b) denote the lifetime utility of age-1 (a, b)-adults, before their children are born:

V(a,b) = max {vhS(a, b), V*°(a, b)} 2)
where
V¥(a,b) = U(a,b) — Ylieeo + B [W (', 1;0)], (3)
U*(a,b) = max fjlﬁj‘le):Z]jlcj(lwf‘j—f"(a) : (4)
W (d,b';b) = zeg%;_év (a’,z)—xﬂ;b/, (5)
E[W (d,¥;0)] = / [0 (@ bub) + (L= )W (df, by b)) F (dat) (6)

Equation (3) describes the value of graduating college (x = co) or not (x = hs). It comprises the

utility U*(a, b) from lifetime consumption described in Equation (4), the utility cost of college when

10



x = co, and the expected utility of children described in Equations (5) and (6). The function /*(a)

in Equation (4) denotes the net present value of labor income for high school and college graduates:

J 1\t
Ihs(a) = quh Z ( ) = awhSDhS, (7)

j=1

J i1
1 J
I®(a) = —e+4aw® g ( > = —e + aw*D. (8)

The expected utility of children is derived from W(a',¥’;b) which is the discounted value, to b-
parents, of a newborn with type (a’,b'). Note that the cost x of educating children to discount

factor z is borne only if z differs from the children’s discount factors at birth. Equation (6) describes
the expected value of W(d',b'; b).

We adopt the following functional form for the period utility index:

where o € (0,1) to ensure that utility is positive as in Becker and Mulligan (1997). Positive utility
implies that patient individuals are better off than impatient ones, given the same consumption
sequence. Negative utility implies the opposite. This assumption is similar to that of models where

endogenous survival probabilities act as discount factors (see Rosen, 1988).

We differentiate # and ¢ to clarify the distinction between discounting and altruism. Suppose that

individuals were endowed with an altruism parameter w such that adults’ preferences were

J

! —1 A—1
Vparents = Z B]_ U(Cj) + B Tw chhild-
Jj=1

It is immediate that § conflates discounting and altruism. Our theory is not about heterogeneity
in altruism, however. Thus, we assume that w is the same for all types and normalize it to 1. It
follows that the discount factors 8 and § are positively assorted in the pairs by, = (8r,dr) and

b = (BH, ). In short, we do not assume patient individuals are more altruistic.

3.3.1 College decision

Define a, as the ability equating the lifetime incomes of high school and college graduates:
Ihs(c_l) _ ICO(C_Z). (9)

There exists one @ > 0 if and only if w®°D® > wP D", This condition is not guaranteed to hold

for any set of parameters since w and w" are endogenous. We assume it holds, however, since

11
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7
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Figure 1: The college decision

a < 0 implies that any individual would be financially worse off from graduating college. In such

case there would be no college graduates and the model’s solution would be trivial.

Define af, for each i € {L, H}, as the ability threshold such that (a, b;)-individuals are indifferent

between being high school or college graduates:
VS (a5, bi) = V° (af, bi) (10)

First, Lemma 4 (Appendix A) establishes that a] exists, is unique, and that

College decision of ' { college if a > aj, (1)

(a, b;)-adult high school if a < a;.

Second, we establish that a] > a with equality whenever ¢y = 0 (Lemma 5). Thus, when the
utility cost of college is zero, the college decision becomes an income maximizing choice, since
I°°(a) > I"(a) whenever a > a. Figure 1 represents the college decision when the utility cost
of college is positive. Age-1 adults with discount factors b; and ability a € [a,a]] choose to be
high school graduates, even though their income would be higher if they became college graduates,

because the additional income from college does not compensate the utility cost.

Third, we note that a; depends on the discount factor ; but it is independent of the discount
factor §; because the expected utility of children is independent from a parent’s college decision, as
shown in Equations (3) and (10). Furthermore, Equation (10) implies a}; = a} whenever 31, = fg.
Fourth, we establish that a}; < a} whenever ¢ > 0 and 8, < By (Lemma 6).
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In sum, we have established the following properties of the college-decision thresholds:

{ ay < aj whenever ¢ >0 and 31 < By, (12)

k% :
aj = aj otherwise.

It is worth taking stock of these results. The first row of Equation (12) indicates that by-adults, i.e.,
patient adults, are more likely to graduate college than by -adults only if college entails a utility cost
(¢ > 0). Absent the utility cost, by- and br-adults are equally likely to graduate college (second
row of 12). These results stem from the net present value (NPV) criterion, which applies whenever
credit markets are perfect and the cost and benefits of investments are exclusively pecuniary. So,
when 1 = 0, individuals compare I°°(a) and I"(a) and their discount factors are irrelevant for
college decisions. When v > 0, however, the NPV criterion does not apply. There are no markets
from where to “borrow utils.” Individuals must assess whether the future utils afforded by college

are enough to offset the utility cost they bear at age 1. The higher their 3, the more they do.

The utility cost of schooling is necessary to generate the observation that patient individuals are
more likely to graduate college, in the context of our model with prefect credit markets. The utility
cost of college is not necessary in general. If there was a credit constraint, impatient individuals,
who seek to consume more in the early stages of their lives, would be more likely to be finan-
cially constrained and, hence, unable to afford the tuition cost e. Thus, in a model with a credit
constraint, patient individuals would be more likely to graduate college. Just like they are in our
model. It follows that the mechanism we describe here is not orthogonal to the mechanisms relying
on imperfect credit markets in the intergenerational persistence literature. A corollary of these
observations is that the emphasis on credit constraints in the existing literature could be viewed as
an argument in favor of modeling heterogeneity in time preferences (beyond income and wealth)

because time preferences matter for investment decisions whenever credit markets are imperfect.

3.3.2  Education decision

After children are born and their type (a’, b') revealed, parents may decide to change their children’s
discount factors. Recall that doing so imposes a utility cost x on the parents. We establish that
parents would not change their children’s discount factors from b, to b} because it would lower
the children’s welfare and, hence that of the parents (Lemma 7). Consider children born with type

(a',b7). Three cases must be considered, depending on the college decision:

1. d’ < aj; — They will not graduate college. So,

)4% (a/, by s b) = max {5Vhs (a', bH) — x, oV (a/, b’L)} .

13



2. a}; <d < aj — They will graduate college, but only if educated. So,
W (a',b3b) = max {0V (',byr) = x 6V (,0) |
3. d’ > a} — They will graduate college. So,
W (d',b;b) = max {6V (d,by) — x, 0V (d/,b}) } .
Then, it is useful to define

VB (a,bp) — VP (a,by) when a < a¥y,
A(a) = § V° (a,by) — V* (a,br) when aj; <a<aj

Ve (a,bg) —V° (a,br,) when a>aj.

With this notation, parents educates their children when §; A(a) > x. Furthermore, A is continuous

(Equation 10) and monotonically increasing (Lemma 8). Given this, we define the thresholds
Ala) = = (13)

such that b;-parents with (a;, b} )-born children are indifferent between educating their children or

not. Since A is increasing, the decision to educate is

Education decision of ' educate if ' > a;, (14)
bi-parents of (a’,b})-born children do not educate if a’ < ;.
and
apg < ar whenever §r, < dg,
AH AL ‘ L <OH (15)
ayg = ay, otherwise.

Equations (14) and (15) convey two distinct, albeit related, messages. Equation (14) indicates
that parents educate their bz-born children if the children have high enough ability. Equation (15)

indicates that by-parents are more likely than by -parents to educate their children.

The logic of (14) follows from welfare being increasing in both ability and the discount factor. This
implies that when parents educate their children they benefit from the higher future welfare of the
children. The higher the ability of the children, the more likely it is the benefits to the parents offset
the cost of education y. Hence the threshold rule in (14). Naturally, the value of the children’s
welfare to the parents is increasing with the parents’ §, which implies that the ability threshold at
which children are educated is lower when the parents are patient. Therefore, by-parents are more

likely than by -parents to educate their by-born child as indicated in Equation (15).

There is a total of six combinations of the ajs and a;s satisfying a7; < aj and ay < ar. Figure
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Figure 2: The education of (a’, b )-born children

2 illustrates the education decision of parents with (@, )-born children in two cases. Consider
Panel A. The grey bars indicate the set of children getting educated by their parents: a’ > a;. The
pink bar shows the set of by-born children such that by-parents educate them and such that this
education induces them to be college graduate. We denote this set Bz. All children with ability
above ap are educated by by-parents, but only those with ability less than a} are future college
graduates because of parental education. Children with ability above a} become college graduate
with or without parental education. Similarly the green bar shows the set By, of by-born children

such that by-parents educate them and such that this education induces them to graduate college.

In Panel B, children with ability lower than a}; do not graduate college whether or not their
parents educate them. Thus, br-born children with ability between ay and aj;, for example, do
get educated by bp-parents, but do not graduate college as a result of this education. Only the

children with ability between a}; and a7 may be induced by their parents to graduate college.

Formally, the sets By and By, are described as

B, = {a>a;} N {ag <a<al} (16)
—— —_——
educate the child education changes college decision
and their measure is
F(B;) = max(0, min(P;,Cy) — Cp), (17)

where C; is the probability that b;-adults decide to graduate college and P; is the probability that
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they educate their bz-born children:

C; = F({a>aj}),
P = F({a>a)).

The sets By and By, are of first-order importance in our analysis. On the one hand, Panel A of
Figure 2 show that by-parents, who are more likely to have a college degree (Lemma 6), are also
more likely to induce their children to become college graduate. Thus, the difference between F'(By)
and F(By) creates intergenerational persistence in educational attainment. On the other hand, in
Panel B, the measure of children for whom parental education matters for college attainment is

independent of the parents’ type. This is conducive to an absence of intergenerational persistence.

3.4 Equilibrium

Let Pr(b, x, da) denote the stationary measure of adults with discount factor b € {br, by}, gradua-
tion status x € {co, hs}, and ability in the interval da C R:

by-born by -born, b;-parents, educated

Pr(bH7 Co, dCL) = (1 - M)F(da)ﬂdag[a}{,oo] + Z Pr(bi)F(dG’)HdaQ[max{a’;I,di},oo]7 (18)

The first element is the measure of by-born individuals (probability 1—u) with ability in the interval
da. They become college graduates if their ability exceeds a}; (Equation 11), hence the indicator
function. The second element sums the measures of by-born individuals (probability p) with b;
parents (probability Pr(b;)) and ability in the interval da. They become bg-college graduates if
their parents teach them patience, i.e., their ability exceeds a; (Equation 14), and if college is

optimal, i.e., their ability exceeds afq.‘l The expressions below have similar interpretations:

by-born br-born, b;-parents, educated
Pr(by, hs,da) = (1 — p)F(da)lgaco,az,) +MZ Pr(b;) F(da)lgac(a; a3, (19)

by, -born, b;-parents, not educated

Pr(br,co,da) = p Z Pr(b;)F(da) Hdaqabai], (20)

and
by -born, b;-parents, not educated

(bL7 hs, da Z PI“ da ]IdaC[O min{a} ,a;}] - (21)

“In Equations (18)-(21) we use the convention [z,y] = () whenever z > y.
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Note that (18)-(21) define Pr(b, x, da) implicitly since Pr(b) = > [ Pr(d,x,da) is a marginal (for
lack of a better term) of Pr(b,x,da). In Appendix A.4 we derive the marginal distribution of

endogenous state variables,

Pr(b,x) = /Pr(b,x, da),

and show that it is stationary across generations (Lemma 9). Since the distribution of ability is

stationary by assumption, it follows that Pr(b,x, da) is stationary.

Let cj(a,b) and s7(a,b) denote the consumption and asset holdings of these adults at age j, re-
spectively.® In any period, there are J — S cohorts of working college graduates and J cohorts of

working high school graduates. Thus, the labor market clearing conditions are
L°=(J-9) / aPr(b,co,da) and L' =J) / aPr(b, hs, da). (22)
b b
Capital is held by individuals, so the market clearing condition for savings is

> / s¥,1(a,b) Pr(b,x, da) = K. (23)
b,x,7

Finally, the aggregate resource constraint is

> / ¢(a,b) Pr(b,x, da) + 55 K + e | / Pr(b,co,da) = F(K, L, L"), (24)
b

b,x,j

where the first element on the left-hand side is aggregate consumption, the second element is
aggregate investment, and the third is aggregate educational spending. The right-hand side is

gross domestic product.
Stationary equilibrium: An equilibrium consists of allocations for individuals, {c}(a,b), s3(a, )}
and {a},a;}, allocations for the representative firm, {K, L, L'}, prices {r, w®, w"}, and a mea-
sure Pr(b,x, da), such that:

1. The firm optimizes given prices: {K, L%, L’} solve problem (1).

2. Individuals optimize given prices: {c}(a,b),s}(a,b)} and {a;, G;} solve problem (2).

3. The measure Pr(b, x, da) is consistent with individual choices: Equations (18)-(21) hold.

4. Markets are in equilibrium: Equations (22)-(24) hold.

®The sequence of period budget constraints associated with the lifetime budget constraint of Equation (4) are

x=co : ¢ (ab)+sii1(a,b)+elj=1 = aw 55 + (1 +1)s;°(a,b),

x=hs : P(a,b)+s5%1(a,b) = aw™ + (1 +7)s7%(a, b).
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3.5 Intergenerational persistence

We now discuss the persistence of discount factors and college attainment across generations. We
adopt the following terminology. We use the term “upward mobility” to refer to the probability
that adults are patient given that their parents are not, Pr(b%;|br), and to refer to the probability
that adults are college graduates given that their parents are not, Pr(co’|hs). Similarly, we use
the term “horizontal mobility” to refer to the probability that adults are patient given that their
parents are also patient, Pr(b;|by), and to refer to the probability that adults are college graduates
given that their parents also are, Pr(co’|co). Persistence is the difference between horizontal and

upward mobility.® So,

Persistence in discount factors = Pr(by|by) — Pr(V4|bL),

Persistence in college attainment = Pr(co’|co) — Pr(co’|hs).
Recall that P; is the probability that b;-adults educate their children. It follows that

Pr(bylbi) = 1—p+pP;, (25)
Pr(bp|b;) = w(l—P). (26)

The first equation indicates that children of b;-adults become bp-adults if they are either bg-born
(probability 1 — u) or if they are by-born (probability p) and receive education (probability F;).
The second equation indicates that children of b;-adults become by -adults if they are by-born and

not educated. Since ay < ar, it follows that Py > P, and
Pr(by |br) — Pr(bylbr) = p(Pu — Pr) >0, (27)

Thus, patience is a persistent trait across generations.

Our main interest, however, is in the persistence of college attainment. We derive the transition
matrix mapping the distribution of endogenous states for adults of a given generation, (b,x), into
the distribution of endogenous states for adults of the next generation, (V/,x’), which we denote
Pr(V/,x|b,x), in Equations (A.11)-(A.14) of Appendix A.4. The probability that children graduate

college given their parents’ states are

Pr(co’|b,x) = Z Pr(b', co’|b, x).
b/

The horizontal mobility of college is then

Pr(co, co) _ > Pr(cd’|b, co) Pr(b, co)
Pr(co) Pr(co)

Pr(co’|co) =

S A proof of this statement is available upon request.
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and the upward mobility of college is

Pr(co’,hs) >, Pr(co’|b, hs) Pr(b, hs)
Pr(hs) Pr(hs) ’

Pr(co’|hs) = (29)

where Pr(co’,co) is the proportion of families where adults and their parents are both college

graduates, Pr(co’,hs) is the proportion of families where adults are college graduates and their

parents are not, and Pr(x) is the proportion of x-graduate, that is Pr(x) = >, Pr(b, x).

3.6 Discussion

Proposition 1 — College persistence

Pr(co’|co) — Pr(co’|hs) = [F(BL) — F(By)] x negative number > 0. (30)

negative or zero
Proof — See Lemma 11.

Proposition 1 is our main result: The children of college graduates are at least as likely to graduate
college as the children of high school graduates. In other words, college attainment is persistent

across generations.

Proposition 2 — Patience persistence is necessary for college persistence
Pr(co’|co) > Pr(co’|hs) = Pr(Vy|bm) > Pr(by|bL).

Proof — Equations (17) and (30) imply that Pr(co’|co) > Pr(co’|hs) = Py > Pr. The result
follows from Equation (27).

Thus, in data generated by our model, an observer of educational attainment (not observing pa-
tience) would note that college attainment is frequent in some families that cannot be distinguished,
based on observable variables, from other families where college attainment is less frequent. The
observer would then conclude that a family fixed effect matters to account for variations in college
attainment. The fixed effect would, in fact, be the families’ persistent discount factors. Thus, we

interpret patience in the spirit of Cameron and Heckman (1998) who wrote

“It is (...) long-run family factors and not short-run credit constraints that play a

decisive role in explaining schooling attainment.”

A combination of two mechanisms yield persistence in our model: First, more patient individuals
are more likely to graduate college (a}; < aj ) and, second, more patient individuals are more likely
to educate their children to be patient (ag < ar). The first mechanism arises because of the utility

cost of college, 1. Since utility cannot be traded intertemporally, the timing of utility flows matter
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and, hence, patience matters. The critical aspect of the theory, however, is not the utility cost itself;
it is the impediment to intertemporal trade that it represents. Any other type of impediment to
intertemporal trade, such as credit constraints, would similarly imply that more patient individuals
are more likely to graduate college. The second mechanism arises because parents are altruistic and
value the future welfare of their children. This implies that patient parents have more incentives
to educate their children to be patient. Critically, the mechanism is that parents are altruistic and

not that patient parents are more altruistic than others.

In Section 2, we reviewed the literature documenting that patient individuals do indeed achieve
higher levels of education, and that patience persists from parents to their children. Thus, there

exist direct evidence of the mechanism that we emphasize in our model.

It is worth discussing the “special cases” in which there is no persistence, that is whenever F'(By) =

F(Bpg). There are four cases.

1. Suppose that there is either no utility cost of college, that is 1 = 0, or no heterogeneity in
Bi, that is B, = By = . Equation (12) implies aj = aj;. It is then trivial, from Equation
(16), that B; = 0 and that F(Bz) — F(Bg) = 0.

Patience is irrelevant to the college decision. Some parents may care more about their children
than others, that is d > dr. Such parents are more likely to educate their children, but this
education has no bearing on the future educational attainment of the children. The by-born
children receiving parental education enter adulthood with discount factors (3, ) while the
others enter adulthood with (3,dr). The former will care more about their own children
(the 3rd generation in this discussion) than the latter, but both will make the same college

decision (conditional on ability). Hence, the absence of persistence.

2. Suppose that there is no heterogeneity in ¢;, that is 0, = dg = 0. Equation (15) implies
ar, = ag. Then Equation (16) implies By, = By and F(Br) — F(By) = 0.

All parents are equally altruistic toward their children, even though some parents may be
more impatient than others about their own lifetime utils. Equal altruism toward children
imply that the incentives to educate children to induce them to be college graduates are the

same for college and high school graduate parents. Hence, the absence of persistence.

3. Suppose that aj, < aj;. That is the case represented in Panel B of Figure 2 and in the fourth
column of Table 4. It is immediate that F'(Br) — F(By) = 0.

In this instance, the costs x/J; are low enough that parents with the lowest discount factors
educate even children that they know will not graduate college because of their low ability.

The same is then necessarily true for parents with the high discount factors. It follows that
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the set of children that are induced to graduate college by their parents’ education is the

same regardless of the parents’ type. Hence, the absence of persistence.

4. Suppose that ay > aj. That is the case represented in the first column of Table 4. Here,
Bi = @ and F(BL) —F(BH) = 0.

In this instance, the costs x/d; of educating children are so high that only children who would
have graduate college regardless of their discount factors receive parental education. Hence,

the absence of persistence.

Our analysis, to this point, has characterized patience and college persistence and established that
the former is necessary for the latter. Next, we investigate the model’s quantitative properties. We
investigate whether the model can be in line with observed persistence as well as other pertinent
moments such as the overall rate of college attainment and earnings dispersion within and between

college and high school graduates.

4 QUANTITATIVE ANALYSIS

4.1 Calibration

We calibrate the model to U.S. data. Our estimates of horizontal and upward mobility are from
Ernst et al. (2024). We focus our calibration on their last available cohort which was born in the
mid 1980s. We only consider individuals with a high school degree. We label those who completed

a bachelor’s degree “college graduates,” and the others “high school graduates.”

We set a period to last one year, childhood to last 20 years (A = 20), the working life to last 40
years (J = 40), and college to require four years (S = 4). Following Cooley and Prescott (1995), we
set the rate of capital depreciation to 4.7% (dx = 0.047) and the capital share to 40% («a = 0.40).
Following figures reported by Goldin and Katz (2007), we set the elasticity of substitution between
college and high school labor to 1.5 (p = 0.33).

We assume that parents value their children’s future utility as their own:
0i=p{"" i€ {L,H}.

There is evidence that patience increases with age, and particularly during childhood (e.g., Harrison
et al., 2002, Andreoni and Sprenger, 2012). We take this evidence to the limit for the sake of
simplicity and assume that children are born impatient (1 = 1). Becker and Mulligan (1997) make
a similar assumption in their model of endogenous time preferences. Finally, the ability distribution
is log-normal with mean 1:

Ina ~ N(—02/2,02).
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This implies nine remaining parameters,

_ h
0: Zcoazs7eaaa7¢7X7a7/BL75H )

which are calibrated to match nine moments:

1. Pr(co): The proportion of college graduate workers for the mid-1980s cohort.
We use census data from IPUMS.” Among employed individuals of age 28-32 in 2014 (born
1982-1986) that have at least a high school degree, 42% of them are college graduates.

2. Pr(co’|co): The horizontal mobility of college attainment for the mid-1980s cohort.
We use 64% from Ernst et al. (2024, Table 19).

3. Pr(co’|hs): The upward mobility of college attainment for the mid-1980s cohort.
We use 24% from Ernst et al. (2024, Table 19).

4. CP: The (lifetime) college premium

w® D  FE(alco)
CP =
whs Db X E(alhs)’

where D" and D are defined in Equations (7) and (8).
Using cross-sectional census data from IPUMS, we construct lifetime earnings for employed
workers ages 24 to 65 in 2004 (when the mid-1980s cohort is 20 years-old). Using r» = 3% to

compute the present value of earnings at 20 implies a college premium of 1.79.

5. CC: The cost of college relative to lifetime earnings is

e
cC = .
w x D x E(alco)

Lifetime earnings are calculated using the earnings data from IPUMS. The cost of college
is calculated assuming a tuition rate of $15,000 per year for four years, taken from Digest
of Education Statistics. We find that tuition represents 4.8% of the present value of college

earnings.

6. CV: The coeflicient of variation of earnings for college graduates.
We use CPS data in the year 2014 for employed college graduates aged 25 to 35. We find a
target figure of 0.60.

7. CVPS: The coefficient of variation of earnings for high school graduates.
We use CPS data in the year 2014 for employed high school graduates aged 25 to 35. We find
a target figure of 0.55.

"IPUMS USA, University of Minnesota, www.ipums.org
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8. B: The average discount factor in the adult population
/B = ZPr(bz)/Bz

We target a standard value 3 = 0.95 (Cooley and Prescott, 1995).

9. KY: Capital-output ratio: We target a value of 3.3 (Cooley and Prescott, 1995).

Define ) )
Pr(co)/0.42

Pr(co’|co)/0.64
Pr(co’|hs)/0.24
CP/1.79
) = | €C/0.048
CV /0.60
CVh/0.55
3/0.95
KY/3.3

and calibrate the model by solving
mein [e) -1 [6(0) —1].

Even though the calibrated parameters are determined simultaneously, some targets are particularly
informative for specific parameters. For instance, the variance of ability, o2, has a first-order effect
on the dispersion of income and, hence, it is informed by cross-sectional inequality-related moments
such as the two coefficients of variation and the college premium. The variance of ability is also
informed by intergenerational college persistence. Suppose there was no heterogeneity in ability.
Then, the model would trivially imply 100% college persistence because all adults would make the
same education and college decisions. The adult population would be composed either of only
college graduates or only high school graduates. It follows that o2 is informed, simultaneously by

cross-sectional earnings heterogeneity and intergenerational persistence.

The college cost, e, is informed by the proportion of college graduates as well as the relative cost
of college. The utility cost of college, 1, is also informed by the proportion of college graduates.
The level of discount factors, 57, and Sy, is informed by 5. This target ensures that our model is
broadly consistent with the macroeconomics literature. It is worth noting that the figure 8 = 0.95,
used in Cooley and Prescott (1995), is determined in such a way that their representative agent
model yields a capital-output ratio consistent with data, i.e., 3.30. Our model, however, is not a
representative agent model, and the unique Euler equation used by Cooley and Prescott (1995)
to calibrate their discount factor does not exist in our model. Instead, our model has as many

Euler equations as there are combinations of age, ability, graduation status, and discount factor. It
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follows that using the same depreciation rates, capital share, and average discount factor as Cooley
and Prescott (1995) does not imply that our model’s capital-to-output ratio should be consistent

with data. It is for this reason that the capital-to-output ratio is added to the list of targets.

Finally, the utility cost of education, x, and the difference between Sy and Sy have first-order
effects on the intergenerational persistence in educational attainment. Specifically, we have shown
(Equation 30) that when the discount factors are equal, the persistence in college attainment is
zero. Thus, the horizontal and upward mobility in college attainment inform the discount factors

and the utility cost of education.

4.2 Results

Table 1 shows the calibrated parameters and Table 2 shows the model’s fit to the calibration target.
The model’s ability to capture the observed persistence in college attainment, Pr(co’|co)—Pr(co’|hs),
is of first order importance. Here the model generates mildly more persistence than in the data:
44.5% (i.e., 67.8 —23.3) v. 40% (i.e., 64 — 24). The ranking of ability thresholds in the calibrated
equilibrium is

ag < ay <ay <ar,

which is represented in Figure 3, and corresponds to the sixth case in Table 4 (Appendix A.5).
In this configuration, by-parents do not affect the college decision of their children: The ability
thresholds at which they educated their children, ay,, is higher than the ability thresholds at which
the children, even with the low discount factor, would choose college, a}. Thus, bz-parents only
educate children that would have gone to college regardless. Formally, By, = (). In contrast, by-
parents affect the education decision of some of their children: Children with ability in the interval
[}, a} ] become college graduates only if their parents teach them patience. That is the case since

ag < ayy. It follows that By = [a};, a}).

The literature on intergenerational persistence is often concerned with earnings persistence. We
assess our model’s implication for earnings persistence by computing the rank-rank correlation
between the earnings of parents and children in model-simulated data.® We find persistence to be
5.3%. Ernst et al. (2024, Table 10), our data source for college persistence, report a persistence
of 18% for the same mid-1980s cohort. Thus, our Baseline generates about 30% of the observed

earnings persistence in the U.S. data.

8The traditional approach to measuring earnings persistence (e.g., Solon, 1992, 1999) consists in estimating the
slope of a regression of (log) children’s earnings on (log) parents’ earnings. This slope, however, confounds intergen-
erational correlation and changes in the variability of earnings from one generation to the next (Chetty et al., 2014).
The rank-rank correlation avoids this drawback.
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Table 1: Calibrated parameters

Parameters  Value Description

o 0.938 CRRA preference parameter
6L, 0.950 low discount factor

Br 0.978 high discount factor

P 1.436 utility cost of college

X 75.286 utility cost of education

e 1.757 good cost of college

2% 1.515 college-biased productivity

2bs 0.940 high school-biased productivity
o2 0.401 variance of ability

Table 2: Model fit

Moment Source Data Model Notation
1 College graduates, % a 42.0 42.0 Pr(co)
2 Horizontal mobility, % b 64.0 67.8 Pr(co’|co)
3 Upward mobility, % b 24.0 23.3  Pr(co’|hs)
4  College premium a 1.79 1.82 CPp
5 Cost of college, % a & d 4.80 4.76 CcC
6 Coef. of var.: col. earnings ¢ 0.60 0.55 Ccvee
7 Coef. of var.: hs earnings ¢ 0.55 0.57 cvhs
8 Average discount factor 0.95 0.97 B
9 Capital-output ratio 3.30 3.06 KY

Source: (a) IPUMS USA; (b) Ernst et al. (2024, Table 19); (c) CPS; (d) Digest of Education Statistics.
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Figure 3: Ranking of ability thresholds in the calibrated model

Next, we calibrate a version of our model allowing for persistence in cognitive ability:

2
o
Inagyg = (7 — 1)?‘1 + mn aparent + €/ 02(1 — 72),
e ~ N(0,1).

This process implies that the stationary distribution of ability is Ina ~ N(—c2/2,02), i.e., ability
has a mean of one and a variance dictated by o2. We add a target of 18% for earnings persistence to
the targets in our Baseline and refer to this augmented model as Model B. Our results are displayed
in Appendix B. We find 7 to be 14.5% and conclude that ability persistence accounts for 80% (i.e.,
14.5/18) of earnings persistence; the remainder is due to the endogenous transmission of patience
and the implied persistence in college. In the literature emphasizing parental transfers, investments,
and borrowing limits, the contribution of ability persistence to earnings persistence is of first-order
importance as well: Restuccia and Urrutia (2004) find that ability persistence accounts for half
of earnings persistence, and Lee and Seshadri (2019) find that it accounts for two-third. Cordoba
et al. (2016) require ability persistence to exceed that of earnings because their model features

endogenous fertility and investment in children, a combination that dampens earnings persistence.

Having established the role of ability persistence for earnings persistence, we turn to the role of
ability persistence for college persistence. In Model B, the calibrated preference parameters differ
from their Baseline values because they determine the part of college persistence not due to ability
persistence, while the latter is disciplined by earnings persistence. To assess how large that part is,

we compute Model C: An equilibrium using the parameters of Model B, but with 7 = 0, such that
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Table 3: College persistence and its components across models

Baseline Model B Model C

Horizontal mobility, % 67.8 70.0 67.1
Upward mobility, % 23.3 22.6 24.6
Persistence, % 44.5 47.4 42.5

Source: Authors’ calculations.

a is iid across generations and drawn from the stationary distribution of Model B.

Table 3 reports persistence figures for the three models. It is worth noting that the stationary
distribution of ability is the same in all three models by construction. Thus, they all feature similar
cross-sectional inequality. Unsurprisingly, removing ability persistence implies a decline of college
persistence from Model B (47.4%) to Model C (42.5%) due to a decline in horizontal mobility and
an increase in upward mobility. Persistence in Model C is also less than in the Baseline: On the
one hand the Baseline ascribes all college persistence to persistence in patience by design; on the
other hand, Model C ascribes only the fraction of college persistence not due to ability persistence

to persistence in patience.

The main lesson from Table 3 is the magnitude of the decline of college persistence from Model B
to C: about 10%. In other words, through the lenses of our model, ability persistence accounts for
10% of college persistence whereas it accounts for 80% of earnings persistence. These figures do
not add up to 100% since there is a positive interaction between the persistence of patience and
that of ability: Under ability persistence, high ability parents are more likely to have high ability
children whom, they are more likely to educate (see Equation 14) to become patient. These results

indicate the quantitative relevance of our mechanism.

In model B, we are agnostic about the source of ability persistence. Even though we represent
ability as an exogenous process, we do not interpret it as innate since age-1 adults are of college-
going age. Ability persistence is better interpreted as a reduced-form representation of the combined
effects of “standard mechanisms:” innate persistence, parental investments in early (i.e., pre-college)
childhood, and the credit constraints that may impair such investments. Hence, our findings
regarding the role of ability persistence for earnings persistence align with the literature emphasizing
the standard mechanisms. Therefore, the contributions of our quantitative work are that (i) the
standard mechanisms contribute little to college persistence once patience heterogeneity is modeled
while, in line with the literature, they account for most of the earnings persistence; and (ii) patience

persistence accounts for most of college persistence.

Modeling the standard mechanisms explicitly, instead of via a reduced-form, would reveal interac-

tions with patience worth contemplating but out of the scope of this paper for the sake of simplicity
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and clarity. To see what these interactions would be, it is worth noting the distinction between
credit constraints at early ages and at college-going ages (e.g., Lochner and Monge-Naranjo, 2012,
Caucutt and Lochner, 2020). Consider early constraints first. That is, imagine a version of our
model where parents can invest in their child’s cognitive ability (not just their patience) prior to
the child becoming an age-1 adult. These investments could be hiring tutors, sending children
to quality preschool programs, enrolling them in quality private schools prior to college, moving
to expensive neighborhoods with quality pubic schools, sending children abroad to learn foreign
languages, etc. Imagine also that parents face a credit constraint. Conditional on ability, impa-
tient parents are more likely to be constrained and thus unable to achieve the optimal investment
in their child’s cognitive ability. This mechanism differs from that emphasized in the literature
where the low-income (i.e., low ability) parents are more likely to be constrained out of investing
optimally in their child’s cognitive ability. The interaction arises because low-income parents are
simultaneously low-ability and impatient parents. Regarding late constraints, imagine a version of
our model where young adults face a credit constraint at the college-decision stage. Conditional
on ability, impatient young adults are more likely to be constrained out of college. Again, this
mechanism differs from one where low-income families are constrained out of sending their children

to college and the interaction arises because low-income families are also impatient families.

Because of the interactions we just described, the motivation for incorporating the standard mech-
anisms explicitly into our model cannot be to perform a decomposition of the form “the role of
patience versus that of credit constraint.” In the models we sketched above, removing the credit
constraints would not yield an orthogonal decomposition since it would remove a channel via which
patience operates. The motivation for explicitly modeling the standard mechanism could be, how-
ever, to evaluate policies alleviating credit constraints in order to promote college attainment and
reduce its intergenerational persistence. Below, we propose a step in this direction. We return
to our Baseline model without persistence in cognitive ability and evaluate the effects of a college

subsidy financed via a flat labor income tax.

4.3 Policy experiment

Our model is suited to study the implications of government policies toward college attainment.
We analyze a college subsidy, 0, financed via a proportional tax, 7, levied on all wages. In this
experiment college graduates pay only (1 — #)e instead of the full tuition e. We determine the tax

rate such that, in equilibrium, the government’s budget constraint holds:
T (wCOLCO + whSLhS> = fe Z / Pr(b, co, da).
b

We compute equilibria for values of the college subsidy ranging from 0 (the baseline) to 20%. Figure

4 shows the resulting intergenerational mobility and college attainment. The main findings are the
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Figure 4: The effect of college subsidies on college persistence and attainment

rise of college attainment for those whose parents are college graduates (Panel A), the reduction of
college attainment for the others (Panel A), and the rise of overall college attainment (Panel B).

In sum, persistence increases.

To understand the increase of intergenerational persistence, recall, from Equation (30), that
Pr(co’|co) — Pr(co’|hs) = [F(Br) — F(Bg)] x negative number.

We find that the increase in Pr(co’|co) — Pr(co’|hs) is entirely driven by the term F(By) — F(Bg).
So, we concentrate the remainder of the discussion on this term.” We also find that the ranking
of the a}s and ;s in the equilibria with subsidy remains the same as in the baseline (recall that it
is ag < aj; < aj < ar). That is, only patient parents affect the college decision of their children
when these children have ability in the interval [a};,a}]. Thus, the increase in persistence results

from the widening of this interval.

So, why does the interval [a};,a}] widen? Let € = e(1 — 6) represent the college cost net of the
subsidy, and let @* = w*(1 — 7) represent after-tax wages. As the subsidy increases, recall that
college attainment increases as well. General equilibrium forces imply that (i) W decreases because

h

w decreases with the rise in college attainment and because 7 increases; (ii) @W" increases because

w" increases enough with the rise in college attainment to offset the effect of 7; (iii) the interest

rate decreases negligibly.

We define I'(a, b) = V°(a, b) — V15(a, b) such that a} satisfies

T(ak,b;) = 0,

9 As the subsidy increases from 0 to 20%, the first term in Pr(co’|co) — Pr(co’|hs) changes by 10% while the second
term changes by 1% in the opposite direction. Thus, the changes in the second term is of negligible magnitude and
acting in the direction opposite the increase of Pr(co’|co) — Pr(co’|hs).
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and analyze it in Lemma 3. We then approximate the effect of the policy as the direct effect of the
subsidy (i.e., dé < 0) plus the equilibrium effects of wages (i.e., dw*® < 0 and d@" > 0), abstracting
from the negligible effect of the interest rate (i.e., dr ~ 0):

dl(al, b)) o< —I®(a})™%dé  +a} x [I°(a}) "7 D®dw® — I"(a}) = D™ .
N

Direct subsidy effect > 0

Equilibrium lifetime income effect < 0

We make several observations. First, the subsidy effect is positive: It shifts the I" schedule upward
and, hence, tends to reduce a; because I' is monotonically increasing in a (Lemma 3). Second,
the equilibrium effect is negative: It shifts the I' schedule downward and, hence, tends to raise a;.
That is because, in equilibrium, the after-tax wage rate of college graduates decrease while that of
high school graduate increase. So, the policy makes college cheaper on the one hand, but relatively
less rewarding on the other hand. It follows that it may induce or deter individuals close the af
threshold to become college graduates, depending on which one of the two effects dominate. Third,
the subsidy effect is relatively negligible when a; is large while the equilibrium effect is relatively
negligible as a; approaches zero. That is because the subsidy affects income in a manner unrelated
to ability, while wages affect incomes in a manner proportional to ability. Put differently, the
negative effect of the policy dominates at high enough ability while the positive effect dominates
at low enough ability. Recall now that aj; < a} (Lemma 6) and so, it is possible (and indeed the
case in our quantitative exercise) that dI'(aj;,by) > 0 and dI'(a},br) < 0, implying that the policy

wers ay; and raises a7 and, therefore, raises persistence.

The economics of these mechanisms can be summarized as follows. High-ability marginal individuals
are impatient, i.e., a} is “high”. As a result, the reduced lifetime income benefit of college offsets
the reduction in tuition, leading to a decline in the graduation rate of impatient individuals. Given
the persistence of discount factors, these individuals are likely to have impatient parents, who are
themselves often high school graduates. Consequently, upward mobility decreases. Conversely,
low-ability marginal individuals are patient, i.e., a7; is “low”. For this group, the reduced tuition
offsets the lower lifetime income benefit of college, increasing their graduation rate. Since their

parents are likely patient college graduates, horizontal mobility increases.

Our results differ from those reported in Restuccia and Urrutia (2004, Table 8) and Lee and Seshadri
(2019, Figure 13). These authors find that subsidies can reduce intergenerational persistence by
alleviating budget constraints. In our model, subsidies increase college attainment in equilibrium;
however, they also increase college persistence. Parents with a college degree are more likely to
have children with a college degree and parents with only a high school diploma are more likely to

have children with a high school diploma. Thus, inequality in college attainment increases.

The exercise above should not be interpreted as an assessment of actual policies since, as we
indicated earlier, such assessment would require to explicitly incorporate credit constraint into

the model. Instead, the value of the exercise is to point out a mechanism arising from patience
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heterogeneity, which may operate in a direction opposite to the goal of the policy.

5 CONCLUSION

We present a novel theory of the persistence in college attainment. Unlike in most of the existing
literature, ours does not hinge on either exogenous cognitive ability persistence, parental invest-
ments, or credit constraints. Instead, we emphasize the role of non-cognitive traits, namely time
preferences, and their transmission. Specifically, our theory is guided by two well-documented em-
pirical regularities. The first is that patient individuals are more likely to be college graduates, The
second is that patience persists across generations because parents choose to transmit it to their

children, among other non-cognitive traits.

Ours is a standard neo-classical overlapping generations model with a college decision. We assume
that there is a utility cost of college, that parents are altruistic toward their children, and that they
have a technology to teach patience to their children at some cost. Under these assumptions, the

aforementioned empirical regularities are endogenous outcomes implying college persistence.

Our main theoretical results describe the conditions under which patience is persistent, the con-
ditions under which college is persistent, and establish that the former is necessary for the latter.
This last result implies that the empirical literature (i.e., the empirical regularities we described)

has already documented direct evidence of the fundamental mechanism of our model.

Quantitatively, our baseline model without cognitive ability persistence matches the observed per-
sistence in college attainment and other moments pertaining to income inequality. It generates 30%
of the observed earnings persistence, however. This finding is consistent with most of the literature
(with the exception of the work of Gayle et al., 2022) where significant exogenous persistence in

cognitive ability is needed to generate the observed earnings persistence.

An augmented version of the model, with exogenous persistence in cognitive ability, reveals that
ability persistence accounts for 80% of earnings persistence and 10% of college persistence. The
remainder of college persistence is accounted for by endogenous persistence in patience. We in-
terpret ability persistence as a reduced-form representation of the combined effects of “standard
mechanisms”: innate persistence, parental investments in early childhood, and credit constraints.
Thus, the importance of persistence in cognitive ability for earnings persistence is in line with the
findings of the literature emphasizing the standard mechanisms. One of our contributions, there-
fore, is to indicate that, once patience heterogeneity is modeled, the standard mechanisms explain

little of college persistence while patience persistence accounts for most of it.

Policy experiments show that a college subsidy to reduce the pecuniary cost of college does increase
total college attainment, but it does so while increasing persistence and, hence, inequality at the

same time. This finding differs from findings in the previous literature where college subsidies
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alleviate credit constraints and, hence, reduce college persistence. The value of this exercise is
to point out that, with patience heterogeneity, there exists a mechanism which may operate in a
direction opposite to one of the stated goal of the college subsidy, i.e., that of improving social

mobility.

There are interesting avenues for future research since our mechanism would interact in non-trivial
ways with the standard mechanisms often considered in the literature: First, credit constraint
would interact with heterogeneity in patience since impatient individuals would be more likely to
be constrained than patient individuals. Second, patient parents would have higher incentives to
invest in their children than impatient parents, and these incentives would be even higher if the

children were patient themselves.
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A MODEL SOLUTION

A.1 Setup and utility maximization

Lemma 1. The ratio I°°/I" Assume e > 0. Then,

Ico(a) - wco/whs
Ihs(a) Dhs/Dco

Proof Immediate from Equations (7) and (8):

Ico(a) e awcoDco wco/whs

1hs(a) - _Ihs(a) + awhs Dhs < Dhs/Dco'

Standard calculations yield the following solution for problem (4)

_ plje /o1
U(a,b) = A(B) (@)= where A(B) = — 1-570+r) . (A1)

l=o |y _ [51/fr (1 +r)1/“‘1} !

Lemma 2. The functions A and &#4* Assume o € (0,1). Then,

A(B) > 0, U(a,b) > 0, DA(B)/dB > 0, and dU*(a,b)/0B > 0.

Proof Since U is positive, U*(a, b) is positive as well. Then, since income is positive, Equation (A.1) implies A(S)
is positive. Furthermore,

X J .
T = U 0s ) = g

J
where the middle-term is positive. The first equality follows from the envelope theorem. The second equality follows

from Equation (A.1). Since income is positive, the results follow. |

A.2 College decision

The college decision, Equation (2), is characterized by a; such that

[(a},bi) =0 where TI'(a,b) =V(a,b) —V"™(a,b) = 0.
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Lemma 3. The function I' Assume o € (0,1). Then,

T (a,b)/da > 0.

Proof

Using Equation (A.1)
I(a,b) = AB)I(a)' ™7 = A(B)T™(a)' ™7 — ¢,

Note that

dl'(a,b)
da

= AB)(1 = 0) [I°(@) "w* D™ — 1"(a) "™ D"],

= AB)(1 ~ 0)I"(a) "w"* D™ [(ICO(G) ) T wefut 1} ,

Ihs(a) Dhs/Dco

where the expression in brackets is decreasing in I°°(a)/I"(a). Since the ratio I°°(a)/I"™(a) is bounded above by

(w /w) /(D" /D) (Lemma 1), the expression in brackets attains a minimum

l—0o
wco/whs
w /v -1
<Dhs/Dco) >0

where the inequality follows from w®D® > w"D". (An equilibrium that does not satisfy this condition would

feature no college graduates.) Thus,

—1>0 foralla.

(o) " ol

The results follow from A(8) > 0 (Lemma 2). [ ]

Lemma 4. The decision rule for college Assume o € (0,1) and let a; solve I (aj,b;) = 0. Then, a] exists,

it is unique and the college decision for an individual with ability a and discount factor f; is

college if a>a;,

high school if a < a;.

Proof Note that lim,—,0I'(a,b) < 0 because of the utility cost of college. Note also that

lim I°°%a)'™" —I"(a)'"7 = lim I°(a)"° <1 - (Ihs(a)» = 400

a—+oo a— 400 ICO(U,)

because I (a)/I°°(a) < 1 for a large enough. So, by the intermediate value theorem, there exists a value a} such
that I'(aj, b;) = 0. Uniqueness follows from I"’s monotonicity (Lemma 3). Furthermore, since dI'(a, b)/da > 0, college

is optimal for all @ > a]. |
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[ Lemma 5. The role of ¢p If ¢ = 0 then a; = a. If ) > 0 then a; > a. ]

Proof Recall that I" (aj,b;) = 0 implies
1 (@) - 1 ()7 = /A ().

Then, I°°(a}) = I™(a}) whenever ¥ = 0 and, hence, a} = @ When 1 > 0 the right-hand side is positive. Then, the

left-hand side is positive too. Since the left-hand side is increasing in a (Lemma 3), aj > @ when ¢ > 0 follows. W

Lemma 6. Patient people are more likely to graduate college Assume o € (0,1). Then,

ay < aj, whenever v >0 and aj = aj, whenever ¢ = 0.

Proof It is convenient to think of a* and 8 as two continuous variables such that
P (ab) = A(B) [I° (@) 77 = 1" (@)™ ] —v =0,

Totally differentiating yields
da*  OI'(a”,b) /OB

dg ~—  9r'(a*,b) /0a

where

oL (a*,b)  OA(B) [;c0 , wvi—o  ths, s\1-a] _ OA(B)
= o [1 (@)= — I (a%) }*Tﬁ ok
Thus,
da* 4 9A(B)/0B
dp A(B) OT (a*,B) /Oa’

Since A(B) > 0 and OA(B)/9B > 0 (Lemma 2) and since 9T (a,8) /0a > 0 (Lemma 3) it follows that da*/dB < 0.

Then, B, < Bm implies af; < a] with strict equality whenever ¢ = 0. |

A.3 Education decision

Lemma 7. bg-born children Parents of bg-born children do not educate them.

Proof From Equation (A.1)

NV*(a,b 9 < 1o O .y
% = 8—61\(5)1 (a)'7 + %E W (a',b';b)]

where the first element is positive (Lemma 2). Furthermore, V (a, b) is either V°°(a, b) or V**(a, b) and so, 0V (a, b) /98 >

0. It follows that parents of by-born children do not change their children’s discount factor to by,. | ]

The education decision is characterize by

Aa:) =0
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where
VS (a,by) — V™ (a,b) when a < ajy,

A(a) = { V° (a,bg) — V™ (a,br) when ajy <a<al >

Ve (a,bg) —V (a,br) when a > aj.

Lemma 8. The function A

0A(a)/0a > 0.

Proof From Equation (A.1)

[A(Br) — A(BL)] Ihs(a)_aw when o' < ajy,
aA(a) 1 co 1S
Ja 1—o A(»BH)ICO(CL)_U% - A(ﬂL)Ihs(a)_“% when a}; <a' <aj
[A(Br) — A (BL)] Ico(a)ig% when o > aj.

The first and last rows are positive because A(Bx) > A(Br) (Lemma 2). The middle row is

0A(a) 1
da 1—o

= A(Br) I°(a)” 7w D = A (B1) I"(a) """ D"

_ hs a —o _ hs nhs A(BH) ICO(a) - wCO/whS _
*A(BL)I ( ) w"D |:A(ﬁL) (]hs(a)> Dhs/Dco 1:|

From the proof of Lemma 3 and the fact that A(8x) > A(Br) (Lemma 2), the expression in brackets is positive. The

result follows. ]

A.4 Stationary distribution

Define
E® = F({a>a}rn{a>ay})=min(P;,Crx), (A.2)
EY* = F({a>a}n{a<ay})=max(0, P, — Cn), (A.3)
Ni® = F({a<a}n{a>ai}) =max(0,Cr — P,), (A4)
N* = F({a<a}n{a<aj})=1-max(P;,CL). (A.5)

Thus, ES° is the probability that the bz-born children of b;-adults are educated and graduate college. Similarly, NP
is the probability that they are not educated and graduate high school, etc.

To simplify notations, it is convenient to refer to the proportion of by -adults as M:

M =Pr(br),
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and to note that when M is stationary, it satisfies

M = pM(1 = Pr) 4+ p(l = M)(1 = Pr),

(A.6)

where the first element on the right-hand side is the proportion of bz-born children not educated by br-parents. The

second element is the proportion of bz-born children not educated by bg-parents. We derive the marginal distribution

of the endogenous state variables (using Equations (A.2)-(A.5) throughout). From Equation (18),

Pr(bg,co) = /Pr(bH,co,da),

— (-w) [ )+

—  (1—p)Cu +u[ME + (1 - M)Eg).

From Equation (19),

PI‘(bH,hS) =

From Equation (20),

/Pr(bH,hs7 da),

)

(1— M) /HH F(da) + M/H F(da)

(1-n) [ Fda)+

(1—p)(1 —Cr)+ puMEF + (1 — M)EF).

Pr(br,co) = /Pr(bL,co, da),

Finally, from Equation (21),

Pr(br, hs)

,u(l—M)/:H F(da)-l—,uM/:L F(da),

HIMNE® + (1 - M)NE].

/Pr(bL,hs,da),
min{a} ,apg} min{a} ,ar}
(1- M)/ F(da) + M/ F(da)

= p[MN® + (1 - M)Ny).

= u

Note that M is indeed the stationary proportion of bz adults implied by Pr(b, x, da):

ZPr(bL,X

where the second row follow from Nf° + NP =1 — P;, as can be seen from Equations (A.4) and (A.5).

) = nIMNP+ (1= M)NF]+p [MNE + (1= M)N]

= uM(1—Pp)+p(l — M)(1— Pg),

= M,

(1— M)/ F(da) + M/ F(da)
max{aj;,apm} max{a};,ar}

(A.10)
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Let Pr(b,x), the distribution of the endogenous state variables for a given generation of parents, be represented by
the 4 x 1 vector S :
S = [Pr (bu, co) , Pr (bs, hs) , Pr (br, co), Pr (br, hs)] T,

and let Pr(b’,x'|b,x) be represented by the 4 x 4 transition matrix T, mapping the distribution of states for adults

of a given generation into the distribution of states for adults of the next generation:

Pr (bYy,co|br,co)  Pr(by,co’ |bm,hs) Pr(bly,co’|br,co) Pr(bly,co’|br,hs)
T — Pr (b4, hs'|ba, co)  Pr(by,hs’'|bm,hs) Pr (b, hs'|br,co) Pr(by,hs'|br, hs)
Pr (b}, co’|bmg,co) Pr(by,co’|bm,hs) Pr(by,co’|br,co) Pr(by,co|br,hs)
Pr (b}, hs'|br,co)  Pr(by,hs'|bp,hs)  Pr (b, hs’|br,co) Pr (b, hs’|br, hs)

Using Equations (A.2)-(A.5), the elements of T are

Pr (b, co'|bi,x) = (1—p)Cu+ pEs®, (A.11)
Pr (b, bs'|bi,x) = (1—p) (1 —Cr)+ pBr®, (A.12)
Pr (b, co’|bi,x) = uN;°, (A.13)
Pr (b, hs'|bi,x) = upN;®, (A.14)

for each i € {L, H} and each x € {co,hs}. Thus, Pr (b’y,co’|b;,x) is the probability that b;-adults with graduation
level x have children that become bg-adults and graduate college: Either the children are born with by (probability
1—p) and they graduate college (probability C'ir), or they are born with by, (probability ) and they become educated
and graduate college (probability Ef°). Equations (A.12)-(A.14) have similar interpretations.

Lemma 9. The distribution of endogenous state variables is stationary

S =TS.

Proof Note, from (A.11)-(A.14), that Pr(b’,x’|b,x) is independent of x. It follows that
> Pr(b', ¥ [b,x) Pr(b,x) = Pr(t',x'|ba, co) (1 — M) + Pr(¥,x'|br, co) M
b,x

Then,

Z Pr(by,co’|b,x) Pr(b,x) = Pr(by,co |bm,co)(l — M) + Pr(by,co’|br,co)M
byx

= (1= WCx + B (1 = M) + [(1 - )Crr + pES°| M
— (1= p)Ci + p[ME® + (1 — M)ES),

= Pr(bu,co),

43



where the last equality follows from Equation (A.7).

> Pr(by, hs'|b,x) Pr(b,x) = Pr(by,hs'[bm, co)(1 — M) + Pr(bjy, hs'|br, co) M

= (A=W - Cn)+uB | (1= M)+ [(1 = )1 = Cn) + uBE| M

(1= ) (1 = Cr) + u |[MEY + (1= M)E}; ],

= Pr(bu,hs),
where the last equality follows from Equation (A.8).

ZPr(b'L7 co'|b,x) Pr(b,x) = Pr(by,co’|br,co)(1l — M) + Pr(b,co’|br, co)M
b,x

= p[MNg +(1-M)Ny],

Pr (br,co),
where the last equality follows from Equation (A.9).

> Pr(by,hs'|b,x) Pr(b,x) = Pr(bl,hs'[bu,co)(1 — M)+ Pr(by, hs'|br, co) M

b,x

w [ MNE + (1= M)N]

= Pr(br,hs).
where the last equality follows from Equation (A.10). ]
A.5 Persistence
Define
EX = ME} + (1 — M)E} and N* = MN} + (1 — M)Nj;. (A.15)

Lemma 10. Conditional graduation probabilities The probability of college-graduate children given college-

graduate parents is

2 [N5° 4 B N°°
Pr (co)

[Ni + B3] Cn 2 [Ni7 + ER] E*
Pr (co) s Pr (co) ’

Pr(co’|co) = (1 — p) Cu + p +p(1—p)

and the probability of college-graduate children given high school-graduate parents is

2 [NE° + ] K™
Pr (hs)

[N + EF]1 (1L —Cr) | 2 [N + Eif] E*
Pr (hs) K Pr ()

Pr(co|hs) = (1 — ) Cir + +u(l—p)
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Proof From Equations (A.7)-(A.10), derive

Pr (co) = Pr (bm,co) + Pr(br,co) =

Pr (hs) = Pr (ba, hs) + Pr(br,hs) =

From Equations (A.11)-(A.14), derive

(1= 1) o+ (B + N°),

(1= p) (1= Cr) + p (B + ™).

Pr (co’|bL7co) = Pr (b'L,col\bL7 co) + Pr (b}{,co'|bL, co) ,

= uN 4+ (1 —p)Cr + pEy,

Pr (co'|bu,co) = Pr(bL,co’|bu,co) + Pr (b, co|bu,co) ,

= uNg +(1—p)Cy +puEgR,

and

Pr (co/|bL,hs) = Pr (b'L,co/\bL,hs)JrPr (b/H,CO/|bL,hS),

— uNE 4+ (1 - p) C + B,

Pr (c0'|bH,hs) = Pr (b/L7 Co'\bH,hs) + Pr (b'H7 Co'\bH,hS) ,

= uNg +(1—p)Crn + pEy.

Combining,

Pr (co’|br, co) Pr (br,, co) N Pr (co’|br, co) Pr (ba, co)

Pr(co’|co) = Pr (co)

Pr (co) ’

Pr (co)

[N + (1 = ) On + pER uN® | [uNip + (1 = 1) Cr + pE37] (1 = ) Cr

Pr (co)

[uNEF + (1 — p) Cr + pER pB*°

Pr (co)

- (1—
(1=p)Cu+p Pr (co)
JINE + B3] B
Pr (co) ’

and

2 [NE° + 57 N°°

)

[Ng? + B Cr

tu(l—p) =5 )

Pr (co’|br, hs) Pr (br, hs) n Pr (co’|ba, hs) Pr (b, hs)

Pr(co’'lhs) = Pr (hs)

Pr (hs) ’
[uNE + (1= 1) Cr + pEF] (1 — p) (1 = C)

Pr (hs)
[UNF + (1 — p) Cu + pBF] pE™
Pr (hs)
2 [NF° + B N
Pr (hs)

= (1-w)Cu+p

o [NF + Ef] E™

o Pr (hs)

[NE + (1= p) Cu + pERF] pN™

)

+u(l—p)

Pr (hs)

[N + Ex] (1 = Cx)
Pr (hs)
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Lemma 11. Intergenerational persistence of educational attainment

Pr(co’|co) > Pr(co’|hs)

Proof From Lemma 10

N7 CO AThs
Pr(co'|co) — Pr(co'|hs) = 2 [(N§® — N52) + (B — E)] <% - %) .

B

A

Our goal is to show that A x B > 0. There are 6 arrangements of the P;s and C';s respecting Py > Pr, and Cyg > CL.
These arrangements are indicated in Table 4. It is immediate that A = F(Br) — F(Bx) < 0. To sign B, note that

the numerator of B is
numerator of B = N Pr(hs) — N" Pr(co) = N° — M Pr(co)/p.
From Table 4, the highest possible value for N is in case 1:

N = Cp—MP,—(1—M)Py
= CL—(1—-MQ1-Py)—(1-M)(1-Py))

— - (1-M/p)
where the last row follows from Equation (A.6). Thus,
N <Cp—(1—-M/p).

Table 4 also indicates that Cy > E°° + N > Cr. Recall that Pr(co) = (1 — u)Cyr + p(E + N°°) from Equations
(A.7) and (A.9). Thus, Pr(co) > Cf, and hence

—M Pr(co)/p < —MCL/p.
Adding these inequalities yields
numerator of B = N°> — M Pr(co)/u < (Cr —1)(1 — M/u) <0

where the last inequality follows from Cr < 1 and M/ < 1. Hence, the numerator of B is negative and, therefore,

AxB>0. |
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Table 4: Arrangements of P;s and C;s

C;s and P;s ranked by decreasing order

Cu,Cr,Pu,PL Cu,Py,CL,PL Py,Cu,PL,CL Py, Pr,Cu,CL Cu,Py,PL,CL Py,Ch,Cr, PL
Ef° Pr Pr Pr Cy Pr Pr
B Py Py Cu Cu Py Cu
E°° MPL—I—(I—M)PH MPL+(1—M)PH MPL+(1—M)CH Cy MPL+(1—M)PH MPL—I—(I—M)CH
Ni° CL — Pr, CL — Pr, 0 0 0 CrL — Pr,
]\[ﬁ,o Cr — Py 0 0 0 0 0
N°©° Cr—MPr —(1—M)Py M(Cr — Pr) 0 0 0 M(Cr — Pr)
A 0 Cp — Py P, —Cy 0 P, — Py Cp —Cy
Eco—l—NCO CL MCL+(1—M)PH MPL+(1—M)CH Cy MPL+(1—M)PH MCL+(1—M)CH
F(BrL) 0 0 PL—-CL Cu—CL PL—CL 0
F(Bx) 0 Py —Cy Cu—Cr Cu—CL Py —Cp Cu—CL

Note: Recall E5° =

min(P;, Cg), Ni° = max(0,Cr, — P;), and F(B;) = max(0, min(FP;, Cux) — Cr).



B CALIBRATION WITH PERSISTENT ABILITY

Source: See Table 2.

Table 5: Calibrated parameters with persistent ability

Parameters  Value

Description

o 0.951 CRRA preference parameter

6L, 0.950 low discount factor

Bu 0.978 high discount factor

P 1.349 utility cost of college

X 90.217 utility cost of education

e 2.519 good cost of college

z%° 1.732  college-biased productivity

Zhs 1.044 high school-biased productivity

o2 0.401 wvariance of ability

T 0.145 ability persistence

Table 6: Model fit with persistent ability
Moment Data Model

1 College graduates, % 42.0 42.4
2 Horizontal mobility, % 64.0 70.0
3 Upward mobility, % 24.0 22.6
4  College premium 1.79 1.84
5  Cost of college, % 4.80 4.76
6  Coef. of var.: col. earnings  0.60 0.55
7 Coef. of var.: hs earnings 0.55 0.57
8  Average discount factor 0.95 0.97
9  Capital-output ratio 3.30 3.05
10 Earnings persistence, % 18.0 17.8
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