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Stepping stone and option value in a model
of postsecondary education

NicHoOLAS TRACHTER
Federal Reserve Bank of Richmond

A stepping stone arises in risky environments with learning and transferrable hu-
man capital. An example is the role played by academic two-year colleges in post-
secondary education: Students, as they learn about the uncertain educational
outcomes, can drop out or transfer up to harder and more rewarding schools, car-
rying a fraction of the accumulated human capital. A theory of education is built
and contrasted empirically to find that (i) option value explains a large part of re-
turns to enrollment, (ii) enrollment in academic two-year colleges is driven by the
option to transfer up, and (iii) the value of the stepping stone is small.

KeywoRrbDs. Stepping stone, investment under uncertainty, academic learning,
postsecondary education, college education, returns to education.
JEL crassiFicaTION. D83, 121, J24.

1. INTRODUCTION

Option value is a feature of environments where an investment, or a decision, needs to
be made under uncertainty, as in Abel (1983). When there is learning and capital is at
least partially transferrable, a stepping stone arises as in Jovanovic and Nyarko (1997).
Notably, academic two-year colleges constitute one of these stepping stones; as they
provide a cheaper learning technology, they act as a safer path toward more reward-
ing and demanding environments, namely, four-year colleges. This paper, by means of
counterfactual analysis, quantifies this stepping stone and the different sources of op-
tion value using a micro-estimated model of education.

Evidence from the National Longitudinal Study of the High School Class of 1972
(NLS-72) is compelling in terms of both transitions and returns. Dropout rates are high
in both academic two- and four-year colleges. Graduation rates are six times higher in
four-year colleges and transfer rates are mostly one-sided from academic two- to four-
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year colleges. For students enrolling in academic two-year colleges, the return to grad-
uation is negligible while that to transferring is large. Academic two-year colleges are
cheaper, easier, and some fraction of the accumulated credits can be transferred to a
four-year college. Students sort across institution types with respect to how uncertain
is their likelihood of success.! For students with low expectations, academic two-year
colleges are an ideal training ground. In the educational ladder, four-year colleges play
the role of the step above academic two-year colleges.

This paper produces a theory of postsecondary education where academic two-year
colleges act as a stepping stone, following from the availability of dropout and transfer
options in both steps of the ladder. A calibrated version of the model is then used to
evaluate the value-added of each option to each step, how substitutable the steps are,
the effect of risk aversion on enrollment and its composition across types of colleges,
and the effect of information acquisition on returns to education.

The model incorporates academic two-year colleges together with four-year colleges
and work. High school graduates are uncertain about their ability to accumulate human
capital. Pessimistic agents join the workforce, optimistic agents enroll in four-year col-
leges, and those who have intermediate beliefs enroll in academic two-year colleges.
During their tenure as students, agents are presented with exams, which govern the ac-
cumulation of credits and provide information that updates beliefs about ability, induc-
ing dropouts and transfers.

Academic two-year colleges are ideal for students with aspirations regarding gradu-
ation at four-year colleges but with low expectations about their ability to accumulate
human capital. Depending on the evolution of their beliefs and accumulation of credits,
students can decide to transfer to four-year colleges and carry with them a proportion of
their stock of credits, implying that academic two-year colleges act as a stepping stone,
similar to Jovanovic and Nyarko (1997), where workers move up in the work ladder once
they acquire the necessary skills. Furthermore, the model has features of bandit mod-
els as students learn about their innate ability to accumulate human capital, similar
to Johnson (1978) and Miller (1984). Jovanovic and Nyarko (1997) evaluate the predic-
tive power of bandit and stepping stone models in terms of job mobility, and find that
there is some evidence favoring a combination of both. Postsecondary education also
presents features of bandit and stepping stone models.

The model relates to Miao and Wang (2007), which studies the problem of an in-
vestor facing two investment projects: one risky and one riskless. The riskiness follows
from uncertainty regarding the true quality of the project. For agents investing in the
risky project, the arrival of information might induce rebalancing the investment port-
folio toward the riskless one. The model developed here has, as a limiting case, a con-
figuration similar to the model in Miao and Wang (2007). When grades provide only in-
formation and graduation is random with Poisson arrival rate, the model can be cast in
a very similar fashion to Miao and Wang (2007), with the only difference being that in
this model, agents face three investment opportunities with two that are not absorbing,

ISimilar to the likelihood of investing by firms facing uncertain demand, as in Leahy and Whited (1996).
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while in Miao and Wang (2007), they only face two opportunities with only one nonab-
sorbing. Even in this simplified setup, academic two-year colleges can be used to learn
in a cheaper and less risky environment.

This paper also relates to Kircher, Manovskii, and Groes (2009). They document, us-
ing a large panel of workers from Denmark, that for a given occupation, high and low
wage earners are more likely to switch occupations—the first to more rewarding occu-
pations and the second to occupations with a lower mean wage. Later, they produce a
theory of learning about the worker’s own ability that explains the sorting and the tran-
sitions. In postsecondary education, and in the model developed here, the same pattern
of sorting and transitions occurs.

This paper is also related to some empirical research that recognizes education as a
sequential process. Altonji (1993) computes internal rates of return for a simple sequen-
tial model where agents are uncertain about future income flows and thus evaluation
of expectations induces dropout behavior. Stange (2012) and ongoing research by Heck-
man and Urzua estimate models of educational choice where students are allowed to
transfer and drop out, and, therefore, are able to produce estimates of their attached op-
tion value. This paper departs from these two in two important dimensions. First, both
Stange (2012) and Heckman-Urzua assume that students learn about their own abil-
ity and nonpecuniary costs of education.? To make the model consistent with the data,
their estimations provide that learning about nonpecuniary costs of education is impor-
tant in explaining dropout behavior. In my paper, students learn only about their own
ability, and the model is still able to capture the main features of the data. The paper
is also related to Pugatch (2012), which evaluates the option value of the re-enrollment
option for students who drop out of school in South Africa, and to Arcidiacono (2004),
which estimates the returns to the major choice in college. Moreover, my modeling as-
sumption is consistent with Stinebrickner and Stinebrickner (2012), which found, us-
ing a panel study, that learning about ability explains dropout behavior in deterrence of
learning about nonpecuniary costs of education. Second, my model is highly tractable,
allowing for a clean characterization of the optimal policy of students.

As briefly commented before, an important feature of the model is its tractabil-
ity, which allows for a characterization of the optimal policy that governs enrollment,
dropout, and transfer behavior. The model is calibrated using data from NLS-72 by as-
suming that observable measures of ability are correlated with the high school grad-
uates’ initial beliefs. The model is consistent with the following facts: (i) among those
initially enrolled in academic two-year colleges, more able agents are less likely to grad-
uate, more likely to transfer, and less likely to drop out; (ii) among those initially enrolled
in four-year colleges, more able agents are more likely to graduate and less likely to drop
out or transfer; (iii) there is a higher concentration of high ability students among trans-
ferees.

Using the calibrated version of the model, a counterfactual analysis of the value-
added of each option (drop out and transfer), the importance of risk aversion, the degree

2This follows a large tradition in structural labor to use nonpecuniary costs of education to explain the
low enrollment pattern observed in college in spite of the high returns to enrollment. See, for example,
Keane and Wolpin (1997).
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of substitutability across college types, and a measurement of the value of the slow ar-
rival of information while in college are performed. To do this, I analyze not only changes
in the enrollment pattern, but also how the return to enrollment, relative to joining the
workforce directly after high school graduation, is affected by each of these options.

The decomposition of returns to enrollment shows that the dropout option accounts
for 31 percent of the full average return to enrolling in an academic two-year college,
while the transfer option accounts for 69 percent. No one would enroll in an academic
two-year college if these options were not available. For four-year colleges, the dropout
option accounts for 87 percent of the full average return to enrollment, while the rest
is explained by simple human capital accumulation that follows from enrollment un-
til graduation. If students were to be risk neutral instead of risk averse, enrollment in
academic two-year colleges would fall from nearly 16 percent to 10 percent, while en-
rollment in four-year colleges would rise from 27 percent to nearly 50 percent. The in-
teraction of risk and option value proves to be an important force in postsecondary ed-
ucation.

This paper then turns to evaluate the degree of substitution between academic two-
year colleges and four-year colleges to find a high degree of substitutability. In accor-
dance with this high degree of substitutability, the welfare effect of the availability of
academic two-year colleges is at most moderate and is primarily driven by an increase
in participation of nearly 7 percent. This result contrasts with the common wisdom that
academic two-year colleges are a key part of the educational system as they train the
students at the margin.

Finally, this paper explores how much returns to education are affected by the fact
that, through the learning process, information reveals slowly to the student. Introduc-
ing an exam that fully reveals a student’s ability level increases the annual return to the
availability of postsecondary education by 6.3 percent, from a benchmark of 3.6 percent
in the baseline economy.

An additional appendix and replication files are available in a supplementary file
on the journal website, http://qeconomics.org/supp/326/supplement.pdf and http://
geconomics.org/supp/326/code_and_data.zip.

2. EVIDENCE

This section presents statistics on postsecondary educational patterns based on the
NLS-72. The unit of analysis is high school graduates who join the workforce directly
after leaving school (with no spells of postsecondary education) or join a postsecondary
institution with no discontinuities in their educational spells. NLS-72 follows the educa-
tional histories of the senior class of 1972 up to 1980. A final wave in 1986 was performed
to acquire long-run job market information.

The postsecondary educational system broadly consists of four-year colleges, aca-
demic two-year colleges, and vocational/technical school. Some institutions provide
both academic and vocational programs; in this paper, each of these programs is un-
derstood as a separate entity. The goal of academic two-year colleges is to prepare stu-
dents to transfer to four-year colleges, while vocational schools offer specialized edu-
cation through terminal programs that require either two or three years to complete.
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TaBLE 1. Educational transitions.

Type of School Value
Vocational school (enrollment share: 0.09)
Fraction who drop out 0.88
Fraction who graduate 0.06
Fraction who transfer to academic 2-year college 0.03
Fraction who transfer to 4-year college 0.03
Academic 2-year colleges (enrollment share: 0.15)
Fraction who drop out 0.59
Fraction who graduate 0.05
Fraction who transfer to vocational school 0.04
Fraction who transfer to 4-year college 0.32
4-year colleges (enrollment share: 0.25)
Fraction who drop out 0.41
Fraction who graduate 0.56
Fraction who transfer to vocational school 0.03
Fraction who transfer to academic 2-year college 0.02

In the model, vocational schools will not be present as the model will be a story of a
stepping stone, which will be given by academic two-year colleges. For the calibration
of the model (see Section 4), agents who enroll in a vocational school or program will be
pooled with those who never pursued higher education. It will be clear in this section
that individuals who enroll at a vocational school or program do not transfer to other
types of institutions, and that the opposite is also true. Moreover, individuals who enroll
in vocational schools or programs are sorted below those who enroll in the other types
of institutions or programs.

Table 1 can be used to evaluate the dynamic pattern of postsecondary educational
histories. Individuals are faced with an initial enrollment choice between four-year col-
leges, academic two-year colleges, vocational schools, or joining the workforce. The first
spell of education can end in three different ways. First, a student can drop out and join
the workforce. Second, a student can transfer to a different type of educational institu-
tion. Within-type transfers (e.g., four-year college to four-year college) are not under-
stood here as transfers. Third, a student can graduate and join the workforce. A student
who transfers holding a degree is counted as a transfer.

Only half of the sample pursue higher education directly after high school gradu-
ation (the total enrollment share is 0.49). Among them, nearly 20 percent enroll in vo-
cational school, around 30 percent enroll in academic two-year colleges, and the rest
enroll in four-year colleges. Transitions (i.e., drop out, graduation, and transfer behav-
ior) differ for students depending on their initial enrollment choice. Dropout rates are
high in the three types of institutions, but are higher in vocational schools and academic
two-year colleges than in four-year colleges.® Transfer rates are important in academic
two-year colleges: Approximately 32 percent of students who initially enroll in this type

3Dropout rates at vocational schools are inflated since vocational schools have students who enroll in
particular classes such as pottery and learning to use Excel. Once they acquire the particular skill, these
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of institution eventually transfer to four-year colleges; only four-year colleges graduate
a large percentage of their students.

It is also interesting to evaluate what happens to those students who transfer from
an academic two-year college to a four-year college. Fifty-six percent of them obtain
a degree in a four-year college while the rest (i.e., 44 percent) eventually graduate.*
A straightforward comparison with the results in Table 1 shows that these values are
similar for those initially enrolled at four-year colleges. This fact favors the idea that the
initial enrollment choice does not hinder the probability of graduation at four-year col-
leges.”

Low enrollment and high attrition rates can be associated with the risk (possibly
due to heterogeneity in returns) and costs attached to education. Costs include forgone
earnings (income stream that a student “loses” by attending school) and direct costs of
education that include tuition, fees, and housing. For example, because four-year col-
leges cost twice as much as academic two-year colleges, students might find it optimal
to enroll in academic two-year colleges.®

Students who enroll in two-year colleges have observable measures of ability that
lie between those of high school graduates who join the workforce directly and those
of students who enroll in four-year colleges as noted by Grubb (1993) and Kane and
Rouse (1999). Table 2 presents summary statistics for measures of ability correlated with
enrollment decisions tabulated by initial enrollment choice, extending the analysis of
Grubb (1993) and Kane and Rouse (1999) by splitting two-year colleges between voca-
tional schools and academic two-year colleges. From left to right, the table shows that
there is evidence of an ordered enrollment choice. For example, see the rank in the se-
nior year of high school. The rank decreases monotonically with the enrollment choice.

2.1 Academic two-year colleges as a stepping stone

Ladders have been associated with the growth of skill as discussed in Jovanovic and
Nyarko (1997). Lower steps of the ladder are characterized as stepping stones because
they provide a less risky environment to learn compared with higher steps. As agents ac-
quire the necessary skills, they move upward on the ladder. The process that starts after
high school graduation and culminates with a four-year college graduation is a ladder
with two steps. The first step, the stepping stone, is an academic two-year college; the
second step is a four-year college. But there are also ways to go down the ladder: first,
a student at a four-year college can decide to transfer to an academic two-year college;
second, a student can decide to drop out.

In contrast to the characterization of the ladder discussed above where agents move
on once they acquire the necessary skills, this ladder also presents features of bandit

students leave the school and return to the workforce. These students do not get terminal degrees, so they
are recorded as dropouts.

4The proportion of students who transfer more than once is negligible and, therefore, this analysis is
reduced to account only for students who transfer at most once.

5Similar patterns are present in NELS:88 that correspond to a cohort that graduates from high school in
1992.

6See Table 15 for the tuition cost of the different types of colleges.
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TABLE 2. Summary statistics for ability measures conditional on enrollment.

Work  Vocational School = Academic 2-Year College  4-Year College

Male 0.49 0.4 0.54 0.52
0.5) 0.5) 0.5) 0.5)
Black 0.11 0.13 0.08 0.10
0.3) (0.3) 0.3) 0.3)
Socioeconomic status
Low 0.42 0.29 0.19 0.17
(0.5) (0.5) 0.4) 0.4)
Medium 0.51 0.58 0.55 0.41
0.5) (0.5) 0.5) 0.5)
High 0.08 0.12 0.25 0.43
0.27) (0.33) (0.43) (0.49)
Education of father
Less than HS completion 0.52 0.39 0.29 0.21
(0.5) (0.5) 0.4) 0.4)
HS completion 0.32 0.40 0.34 0.29
0.5) (0.5) 0.5) (0.4)
4-year college drop out 0.11 0.14 0.21 0.19
(0.3) (0.3) 0.4) (0.4)
4-year college graduate 0.05 0.06 0.15 0.31
0.2) 0.2) 0.4) (0.5)
Rank 0.50 0.43 0.39 0.27
0.3) (0.3) 0.3) 0.2)

Note: Rank denotes rank in high school class. Socioeconomic status represents the socioeconomic status of the family at
the moment of high school graduation.

models such as those discussed in Johnson (1978), Miller (1984), and Jovanovic and
Nyarko (1997). Models of skill accumulation imply that agents should enroll first in the
lower step of the ladder, as it provides a less risky environment for learning and exper-
imentation. Bandit models suggest that students should enroll in the harder step—the
last step—since the learning technology provides more information about innate ability.

3. MODEL

The economy is populated by individuals who, upon high school graduation, decide
whether to join the labor force or to pursue a degree at a postsecondary educational in-
stitution. At t = 0, agents graduate from high school endowed with asset level ay. Agents
differ in their ability to accumulate human capital at college, which can either be low or
high. Let u € {0, 1} denote the ability level, with u = 0 denoting low ability. The ability
level w is not observable by the agent. Instead, a high school graduate, at the moment
when the decision to enroll in college is made, inherits a signal about her true type, de-
noted by pg € [0, 1], where pg = Pr(n =1).

At any period in time an agent can either be working, studying at a four-year college
(or C), or studying at an academic two-year college (or A). Let i € I = {4, C} denote
the type of institution. The cost of education per period of schooling is denoted by 7/,
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with 7€ > 74, A student graduates from institution i after accumulating 7" credits, with
TC > T4. The evolution of credits is closely tied to signals that arrive during an agent’s
tenure as a student that are labeled by 7.

Work is assumed to be an absorbing state with constant wage function 4(GS, i, n),
where the first argument accounts for the graduation status (GS) of the agent, the second
for the type of institution the agent graduated from (highest degree), and the third for her
true ability level. Furthermore, the wage function 4(GS, i, u) is specified as

hv ifGS=0,

h(GS, i ) = { hi(w) ifGS=1,

with hi(1) > h(0) > h¥ for all i and A€ (u) > h“1(u) > A for all w. That is, for any ability
level, graduation from a four-year college implies higher wage profiles than graduation
from an academic two-year college and, for any institution i, wage profiles of graduates
are increasing in their ability level.

The evolution of the asset level a is given by

G = { A+ra—1—¢ if enrolled at i,
) A+ r)ay + h(GS, i, w) — ¢, if working,

where no borrowing constraints are present.’
During their tenure as students, agents receive signals in the form of exams labeled
as 7. Let n denote the signal with probability density function (PDF) given by fi(n|uw).

fitnlu=1)
fi(nlu=0)

property (MLRP); that is, for any n1 > ny, Lile=D ¢ el defined (full support) and

fi(nlu=0)
filtnilp=1)  fi(nolu=1)
fitnIu=0) = fi(nolu=0)"

AssumpTION 1. The ratio of densities satisfies the monotone likelihood ratio

The assumption states that high ability students are prone to receiving better signals
than low ability students.

The evolution of credits is a function of current signal » and amount of accumulated
credits s,

s'=s+0(n,s),
with
~ Q(n) ifs<Ti
Q(n,s)= . 1
(m,5) {0 ifs> T (0

This equation states that, while the amount of current credits is less than the necessary
amount for graduation, accumulation of credits is only a function of the received sig-
nal 0, which is positively correlated with a student’s ability level through Assumption 1.

"The assumption of no borrowing constraints is consistent with several empirical studies. See, for exam-
ple, Cameron and Taber (2004) and Stinebrickner and Stinebrickner (2008).
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Moreover, it is assumed that 2(n1) > (n;) for any n; > 7;. This assumption guaran-
tees that, conditional on a level of previously accumulated credits, a student receiving a
high grade accumulates at least as many credits as a student receiving a low grade.

Students are allowed to transfer across different types of schools and can carry with
them part of the credits earned in the current institution. Let 6’ denote the operator that
maps credits s in institution i to credits s in institution j, j # i. Formally, 6'(s): R+ x [ —
[0, T7], where it is assumed that 6/(s) is nondecreasing in credits s.

A high school graduate, endowed with her initial belief py and initial asset level ay,
chooses her consumption stream {c;: ¢ > 0} and whether to enroll, drop out, or transfer
in 4 or C, so as to maximize her time-separable expected discounted lifetime utility
derived from consumption,

(1 N\ e —1
{3 (r) (75) 1)

where Fy = {pg, ap} and v is the coefficient of constant absolute risk aversion (CARA),
and where I assume that ¢, > 0 for all . The consumption profile being bounded be-
low is a standard technical assumption. The utility function specification choice is a
subtle one. A known result is that with exponential utility functions, the ordering of
risky projects is independent of financial wealth; this simplifies the model solution
considerably as the optimal policy of students will be independent of their current
wealth. Another way wealth can affect the optimal policy of students is by introduc-
ing credit constraints. In my model, students do not face a credit constraint moti-
vated by the evidence in Heckman, Lochner, and Taber (1998), Cameron and Heckman
(2001), Keane and Wolpin (2001), Cameron and Taber (2004), Foley, Gallipoli, and Green
(2009), and Nielsen, Sorensen, and Taber (2010), which find no (or little) effect of credit
constraints in shaping postsecondary enrollment, and Stinebrickner and Stinebrickner
(2008), which finds no effect of credit constraints in explaining dropout behavior.8 In the
end, the combination of exponential utility function and no credit constraints simplifies
the model considerably.

Let Vi(a,s, p) denote the value for a student currently enrolled in institution
type i with asset level a, amount of credits accumulated s, and belief p. Also, let
W (a; h(GS, i, u)) = —%6*7(’”"(“”3“)) + % denote the value for a worker with as-
set level a and wage profile 4(GS, i, u).? Finally, let A(ag, py) denote the value for a high
school graduate with asset level ay and belief pg. This value equals

A(ag, po) = max(W (ag; h), V.4(ag, 0, po), Vc(ao, 0, po)),

8Furthermore, Belley and Lochner (2007) and Lochner and Monge-Naranjo (2011) find little evidence of
credit constraints affecting enrollment in NLS-79 and strong evidence in NLS-97, which they use to suggest
a tightening of the credit constraint. My data set, constructed from NLS-72, is prior to the NLS-79, so my
assumption of no credit constraints is also consistent with these papers.

9The value function for a worker is the solution to the problem W (a; h) = max, '
wherea' = (1+r)a+h—c.

L 4 Wb,
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as the agent chooses whether to join the workforce or to pursue higher education (either
in academic two-year colleges or four-year colleges) by comparing the value of each
alternative.

Let R;(p) denote return to enrollment at institution i relative to joining the work-
force,

Ri(p)=7—""—

where A;(p), which solves V;(a — A;(p), 0, p) = W(a; i), describes the payoff of the

. . 147 . . . . . .
education option and 4" describes its price (i.e., the opportunity cost of becoming a
student).

3.1 The problem of a student

The student’s beliefs are updated by the stream of information that arrives through the
signal 0. Let p’ = b(n; p) denote the posterior that depends on the prior p and the sig-
nal n. For a given institution i, Bayes’ rule is

b(n; p) = !
(n’p)_1+fi(nlu=0)1—P'
fimlu=1) p

The evaluation of expectations about future income flows depends on the likelihood
of the signals. Any new signal can be produced by either f;(n|u = 1) or fj(n|x =0) so
that expectations about the governing cumulative distribution function (CDF) have to
be accounted for. Define

Hi(n,p)=pFi(nlp=1)+ 10— p)Fi(nlp=0)

as the CDF that accounts for this uncertainty.
The problem faced by a student in institution type i can be written as
e v -1 1

Vi(a,s, p)zcrél(%);/_—,y-l- Trr nVi(a/, s, p/)H,'(d’r], P> 2)

with

d=1+ra—1—c,
s'=s5+0(n,s),
p' =b(n; p).
In any given period, a student who accumulated s’ credits faces alternatives. If

s’ < T, she can decide to stay in the current institution, transfer, or drop out. If s’ = T",
the graduation option is available and, thus, the options are reduced to graduation or
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stay
via,s',p)if s'<T'

graduate

consume take exam p’W(a’; hli )+ (1 - p')W((l';hé) iFs'= Ti

n
| ] l drop
| ] I. 1. LW
V;(a,s,p) a S'=S+Q(n,s) W(a,h )
p'=blr: p)
transfer
V_I_(av’g(sv)’ p')

FiGure 1. Time line. At the beginning of the period, V;(a, s, p) denotes the value of enrollment
at institution type i with wealth level a, accumulated credits s, and prior p. The student chooses
her consumption level, producing the accumulated wealth for next period «’. Later, she takes an
exam, receiving grade 7. This produces a reevaluation of beliefs p’ = b(n; p) and accumulation
of credits s’ = s + £2(n, s). The student then chooses between staying in institution type i (or
graduating if enough credits where accumulated), transferring, or dropping out.

transfer, as dropping out is dominated. Let I = 1 if s’ < T and = 0 otherwise. The func-
tion Vj(d', s', p’) is equal to

max{W (da’; k"), Wi(d’,s', p') + (1 = D[ p'W (d; hi(l))
. . 3)
+ (1= pYW(d'; K (0))],V_i(d’, 0'(5'), P) }.

The timing of the problem, presented in Figure 1, is as follows. For a given institu-
tional choice i at the beginning of a period, a student chooses her consumption and level
of assets for the next period given her expectations about future income streams. Next,
she receives the signal i, producing Bayesian updating of her belief, p’ = b(n, p), and
the amount of credits accumulated for the next period s’. When the new period begins,
the student chooses whether to drop out or remain a student, and whether to transfer to
another institution.

The solution to the problem of the student is

1+r 1+7r

Vi(a,s, p) = — e~ Ylratvi(s,p)) , (4)
yr yr
with
, _ —y(h=rth) =y i(0'(s), pH=rTh)
—yvi(s, p) = ln|:/ — max{—e~" ,—e ,
147 n
—(1( ple Y =rr) 4 (1— p/)ef«/<h"<0>fr7">) (5)

+ (1 =Te Wi POV H (d, p)}
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being the utility flow of being enrolled in institution type i, with accumulated credits s,
and current belief p. Also, to ease notation, p’ = b(n, p) and s’ = s + £2(n). The details of
the derivation can be found in Appendix C.

Notice that the solution to the value function Vj(a, s, p) is such that differences in the
income level simply shift up and down the value for the student. This follows from the
absence of financial constraints and the assumption of constant absolute risk aversion.
A similar argument implies that student finds it optimal to consume the flow value of
her wealth, ra, which results from a standard permanent income argument. The term
e~ i(s:P) accounts for the discounted expected value of all possible states the student
can face tomorrow net of the current flow cost of enrollment, »7'. This can be seen in
equation (5), which shows that the flow value today of being enrolled in institution type
i with credits s and belief p, v;(s, p), equals the certainty equivalent value of all possible
flow values faced tomorrow by the student net of the enrollment cost.

I now impose some restrictions on the model parameters to analyze a particular pat-
tern of education: Students with high beliefs enroll in four-year colleges and those with
average beliefs enroll in academic two-year colleges, while those with low beliefs join
the workforce directly. Later on, for the quantitative exploration of the model, none of
these restrictions is imposed. The next assumption is useful to describe the enrollment
pattern.

AssuMPTION 2. The primitives of the model are such that (i) vc (0, 0) < v 4(0,0) < A and
(i) vc(0,1) > v4(0,1) > A™.

The assumption states that high school graduates with low ability to accumulate hu-
man capital are better off joining the workforce and, in the eventuality of enrollment,
they are better off in academic two-year colleges than in four-year colleges. The oppo-
site idea applies for high ability agents. They are better off pursuing higher education,
and the best enrollment choices for them are four-year colleges. Satisfying the assump-
tion depends crucially on four objects. First, it depends on the wages expected to be re-
ceived upon graduation. High wages helps satisfy (ii) but make (i) harder to be satisfied.
Second, it also depends on the wage differential between high skilled and low skilled
agents upon graduation. Given high expected wages upon graduation, high dispersion
in wages as a function of skill implies high incentives for high ability agents to enroll and
low incentives for low skill agents. Third, it depends on the learning technology. If stu-
dents would learn faster in academic two-year colleges than in four-year colleges, even
students with high beliefs would find it optimal to enroll first in an academic two-year
college. Fourth, it also depends on the tuition cost.

Assumption 2 has an interesting interpretation. Under this assumption, the exis-
tence of academic two-year colleges in this model is driven by the learning mechanism
and the option value attached to it. If students were to be certain about their skill level,
no one would enroll in an academic two-year college. An implication of the assump-
tion is that high school graduates with low beliefs join the workforce, those with average
beliefs enroll in an academic two-year college, and those with high beliefs enroll in a
four-year college. As students accumulate credits and their beliefs are updated, some of
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them will find it optimal to drop out, others will find it optimal to transfer, and others will
find it optimal to stay in their current institution type until graduation. Because of the
higher returns upon graduation, students with high beliefs will naturally sort into four-
year colleges eventually. Students with low beliefs who accumulated few credits will not
find it optimal to remain in school and will drop out. Characterizing the optimal dropout
and transfer policy depends on the specifics of the model and its parameterization; thus,
I'will discuss this later on once the model is calibrated to its empirical counterpart. Nev-
ertheless, notice that the closer to graduation a student is, that is, the higher the amount
of accumulated credits, the lower should be her incentives to drop out or transfer. This
happens because the terminal payoff is closer and so its importance increases in terms
of the continuation value of the student. This means the dropout and transfer bands
should widen out as credits accumulate, making students less willing to drop out and
transfer as they advance in their educational careers.

4. CALIBRATION

The model explores the dynamic interaction of academic two-year colleges and four-
year colleges. The evidence obtained from NLS-72 shows that vocational school (ex-
cluded from the model analysis) can be merged with the workforce, as little interac-
tion occurs between vocational school and other types of institutions (see Table 1) and
the sorting in initial enrollment, presented in Table 11 and Table 12, places vocational
school below academic two-year colleges. Version B in all of the tables accounts for the
case where work and vocational school are merged. Furthermore, as in the model, the
second column in the tables accounts for the cases where increases in wages only occur
upon graduation.

The operator that maps credits s in institution i to credits that remain after transfer-
ring 6(s) is simplified to be of the multiplicative form

ois if0is < T,

m@>={ e »
T ifg's>T"

Unfortunately, information on credits is not available in the data set, complicating the
calibration of 6'(s). The procedure followed in the paper for the calibration of this func-
tion is one of direct imputation, following some observations on the timing of trans-
ferred students and their time to graduate. Students who initially enroll in an academic
two-year college and transfer later on to a four-year college do so, on average, after the
completion of the first year of education (see Figure 9).!° Then ¢ is chosen to be 1. The
evidence for students who transfer from four-year colleges to academic two-year col-
leges is less revealing as the fraction of students who transfer is very low (see Table 1).

10Students transfer before obtaining a degree or completing the course work at academic two-year col-
leges. Only 12.5 percent of students who transfer from academic two-year colleges to four-year colleges in
the NLS-72 sample hold a degree and usually transfer around one year later than those who do not hold a
degree.
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Figure 9 shows that students transfer during their first year of education. Among aca-
demic two-year college graduates, those who started their educational career at four-
year colleges spend more time in school prior to graduation (4.5 years vs. 3.84 years).
Then 6¢ = 0.

The signal 7 plays two different roles in the model. First, it updates beliefs p as the
signal conveys information regarding the likelihood of the ability level of the student.
Under this definition, the signal n accounts for grades in exams, subjects, problem sets,
overall experience as a student, and so forth. The second role of the signal 7 is to gener-
ate accumulation of credits through the function (2;(7), which suggests that the signal
is closely tied to grades in subjects. To simplify the model, think that the signal 7 is the
mean of the grades in a quarter obtained by a student. The set of possible values of 7 is
simply the set of possible grades. For simplicity, assume three possible grades: {F, N, E}.
That is, a student can fail, get a neutral grade, or excel in a particular exam. Let qL(n)
denote the probability of each event. Further, assume that qf‘(F )= qg (E) =0. That is,
high ability students never fail an exam at academic two-year colleges and low ability
students never excel at four-year colleges. The function (2(n), which maps grade 7 into
credits s, is chosen to be

0 ifn=F,
On)=11 ifn=N,
1 ifn=EF,

so that only students who fail in an exam do not accumulate credits. Overall, the as-
sumptions on the different signals and accumulation of credits imply that, indepen-
dently of the college type, the grade E is weakly better than the grade N, which is also
weakly better than the grade F.

The time period is chosen to be a quarter; therefore, T = 8 and T = 16 (a student
needs to accumulate 7" quarters of accumulated credits at institution i to graduate). The
risk-free interest rate r is set to be 0.45 percent, which implies a yearly interest rate of 1.8
percent and a yearly discount factor of 0.982. All the monetary values in the model are
measured in logs and further standarized by the wage of agents with no degrees 4", so
that 2% = 1.!! Academic two-year colleges are located in every city and town, while four-
year colleges are scarce. This way, the cost of education includes housing for four-year
colleges and does not include housing for academic two-year colleges because students
there can live with their parents. The standardized cost of education is then 74 = 0.1152
for academic two-year colleges and 7€ = 0.3205 for four-year colleges (see Table 15). The
risk aversion parameter, v, is chosen to be equal to 8.2

The remaining parameters, ‘IL(’?) and hi(w), are calibrated using a two-stage
method. In the first stage, an ordered probit regression on the initial enrollment choice is

'The mean wage in 1985 (in 1984 dollars) for agents with no degrees was $17,740.63.

12The risk aversion parameter v is hard to identify and the literature did not spend much time estimat-
ing risk aversion parameters using CARA utility functions (for natural reasons). There is a whole string of
literature in asset pricing that argues that the constant relative risk aversion (CRRA) parameter o lies be-
tween 4 and 10. Using the definition of relative risk aversion, it is possible to relate o and vy, yc = o. Here,
the consumption level ¢ has a lower bound given by ra + A" > 1, so y < 10.
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used to produce estimates of the initial belief py. In the second stage, conditional on the
distribution of beliefs obtained in the first stage, average enrollment, transition choices,
and wage outcomes are constructed and then matched to a set of moments through the
means of a calibration exercise.

Let

po=(1+e B~ o LN, 1), ©6)

where X is a vector that includes all the observable characteristics of high school grad-
uates that are correlated with the ability level of the agent and B is the vector of factor
loadings, identified by an ordered probit regression for the initial choice of agents. The
estimates for B are presented in Table 11. It is assumed that the value of the random vari-
able ¢ is observed by the agent but unobserved by the econometrician. Still, by observ-
ing the initial enrollment choice of the agent, the econometrician can compute bounds
to the value of ¢ consistent with the enrollment choice of the agent. This is useful in
computing the distribution of beliefs, which are needed to calibrate the model through
indirect inference, that are consistent with the vector of observable characteristics X
and initial enrollment choice of each agent.

I now turn to explain how I compute the initial distribution of beliefs. Students with
high beliefs join four-year colleges, with average beliefs join academic two-year colleges,
and with low beliefs join the workforce. The thresholds are those of the optimal policy
considered above for s = 0, as agents who graduate from high school did not acquire
any credits yet. Furthermore, monotonicity of the belief pg as a function of X' + ¢ im-
plies that B can be estimated by an ordered probit regression on the initial choice (Ta-
ble 11, Version B), and then bounds for £ can be computed using X’ B and the enrollment
choice of the agent.!® Notice that the particular functional form chosen for the belief p
is irrelevant for the estimation of 8 and the bounds for the unobserved variable &, as
the only requirement is that the function mapping characteristics to the space of beliefs
(i.e., [0, 1]) is monotonic and, therefore, invertible.

Conditional indirect inference is used to calibrate the remaining ten parameters
(the six learning parameters and the four wages). The calibration process attempts to
match the average educational histories of the individuals in the sample, each of them
characterized by an educational history, a long-run wage, and a distribution of possible
initial beliefs py that were produced using an ordered probit regression as previously
discussed. Because for each individual there is a distribution of possible initial beliefs
that, ulteriorly, define the individual’s educational history, I compute the average edu-
cational history for each individual, which allows me then to compare it with the unique
educational history observed for this individual in the data. In the end, the calibration
procedure computes the enrollment choice, the long-run wage, and the probability of
dropout, graduation, and transfer for each agent. It then computes averages across stu-
dents and contrasts these averages with their empirical counterpart. Because the educa-
tional histories greatly differ across students (see Section 2) and I have 3462 individuals
in the sample, the model is overidentified.

13Therefore, for each individual in the sample, I have a distribution of possible beliefs py.
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TaBLE 3. Calibrated wage differentials.

Estimate
Academic 2-year colleges
Low ability WOk 0.03
High ability B h® 0.08
4-year colleges
Low ability s 0.04
High ability 0= 0.22

TABLE 4. Calibrated learning parameters.

Academic 2-Year Colleges 4-Year Colleges
Low Ability High Ability Low Ability High Ability
n=0 n=1 n=0 n=1
Fail 0.23 0° 0.2275 0.01
Neutral 0.695 0.87 0.7725 0.81
Excel 0.075 0.13 0* 0.18

Note: “ By assumption.

Before presenting and discussing the estimation results, it is important to point out
that neither Assumption 1 nor Assumption 2 is imposed in the estimation process. How-
ever, both assumptions are satisfied by the calibrated model.

Table 3 shows the wage differential of graduation at both academic two- and four-
year colleges relative to joining the workforce without holding a degree. These wages in
the data are measured in 1985, around eight years after the average graduation time, so
that the estimated wages account for part of the premium due to experience in the labor
market. For high ability graduates, the differential is almost three times larger in four-
year colleges than in academic two-year colleges, suggesting that students with high ex-
pectations currently enrolled in academic two-year colleges should be eager to transfer
to four-year colleges. As students can transfer credits, many enroll in academic two-year
colleges as individuals are risk averse and, therefore, care about the high volatility of
wages.

Table 4 shows the estimated learning parameters. Trivially, by assumption, failing
an exam at academic two-year colleges signals low ability, while excelling at four-year
colleges signals high ability, as the probability of failing an exam at academic two-year
colleges was set to be zero for high ability students and the probability of excelling in an
exam at four-year colleges was set to zero for low ability students. The likelihood of ob-
taining a neutral or an excellent at academic two-year colleges is higher for high ability
students and, thus, receiving these signals improves the expectations about innate abil-
ity. A similar idea happens for a neutral grade at four-year colleges, while a fail lowers the
expectations. Overall, notice that exams at four-year colleges produce more informa-
tion than academic two-year colleges: Academic two-year colleges are easy and, thus,
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provide information in the left tail, while four-year colleges are hard and, thus, provide
information in both the left and right tails.

Table 5 aggregates the educational histories implied by the model and compares
them with the data counterpart. The model does a good job fitting most of these ag-
gregate moments, but underestimates the number of dropouts in academic two-year
colleges.

The evolution of thresholds as a function of accumulated credits is presented in Fig-
ure 2. In a broad way, as previously discussed, the inaction region in both academic two-

TaBLE 5. Average value of educational histories in the data and the model.

Data Model

Percentage of high school graduates who

Join the workforce 59.4 56.9

Enroll in 4 15.2 15.7
Percentage of those initially enrolled in 4 who

Drop at A4 (1st spell) 63 48.6

Transfer from A to C (1st spell) 32 43.6
Percentage of those initially enrolled in C who

Drop at C (1st spell) 41 42.2

Graduate at C (1st spell) 57 57.7
Mean wage differential for

Graduates from A4 0.045 0.045

Graduates from C 0.212 0.148
Moments to discipline priors

FOCs from ordered probit (for 8) Yes

Distribution of X Yes

Transfer

FIGURE 2. Regions at academic two-year and four-year colleges. Left panel: academic two-year
colleges. Right panel: four-year colleges. The dropout and transfer thresholds at both academic
two- and four-year colleges are a function of amount of accumulated credits s.
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and four-year colleges increases with credits. The nonmonotonicity of the inaction re-
gion is a result of signals being discrete, which implies that the amount of credits s can
only take a finite amount of values.

To evaluate the fit of the model, in Appendix D I compute the distribution of
dropouts, transferred students, and graduation rates for both academic two- and four-
year colleges implied by the parameterized model and contrast it with its empirical
counterpart. I find that the transition patterns implied by the model resemble those in
the data.

5. RISK AVERSION AND OPTION VALUE

High dropout and transfer rates are features commonly associated with risk; thus the
availability of transfer and dropout options should be highly valued by agents as they
provide lower bounds to the risk of the investment. In terms of risk, keeping the primi-
tives unaltered, the model is solved again by letting y tend to zero. Comparing the base-
line model (i.e., y = 8) with the risk-neutral case provides insights regarding the inter-
action of risk with the optimal policy and returns in this economy. A similar strategy is
followed to evaluate the size of the option value. Still keeping the primitives unaltered,
the model is solved two more times. The first time discards the transfer option, and the
second time eliminates both the transfer and dropout options. The value added of each
option is then evaluated using a decomposition of returns.

5.1 Risk aversion

For a high school graduate with any given belief p,, Figure 3 presents the returns to
enrollment for the baseline model, where y = 8, and the model under risk neutrality,

1 . -
0 - = -risk neutral e
.

— baseline ’

0.08- ‘ B

Return
A Y

0.02F s 4

0 I 2 I I I 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Po

Ficure 3. Risk aversion and individual returns. The vertical lines define the indifference belief
for enrollment between work and academic two-year colleges, and between academic two-year
colleges and four-year colleges.
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TABLE 6. Risk aversion and average measured returns.

Academic 2-Year College 4-Year College
Baseline, y =8 0.4% 3.1%
Risk neutral, y — 0 0.3% 3.4%

TABLE 7. Risk aversion and enrollment.

Workforce Academic 2-Year College 4-Year College

Baseline, y =8 56.9% 15.7% 27.4%
Risk neutral, y — 0 39.8% 10.4% 49.8%

where vy — 0. When risk aversion decreases, the enrollment thresholds shift to the left
as the risk implied by education is discounted less heavily by agents. The fact that the
shift to the left is stronger in the threshold between four-year colleges and academic
two-year colleges than for the one between academic two-year colleges and work is not
casual: Enrollment at four-year colleges is more risky than enrollment at academic two-
year colleges (simple comparison of the ratio of wages). It follows that a decrease in risk
aversion has a stronger effect on four-year colleges than on academic two-year colleges.
Figure 3 also shows that risk aversion hinders the returns to education in an important
way, and the effect is stronger the more uncertain is the belief.

Table 6 presents the mean return for the cross section of agents who initially enroll
at either academic two-year colleges or four-year colleges for both the baseline and the
risk-neutral models using the estimated distribution of priors for the NLS-72 data. Lower
risk aversion implies higher returns unambiguously for every prior py but decreases
measured returns in academic two-year colleges through the compositional change in
the enrollment pattern.

Lower risk aversion not only implies higher returns for every prior, but also affects
enrollment decisions (this can be seen in Figure 3 where the vertical dotted lines de-
note the enrollment thresholds). Table 7 computes the distribution of initial enrollment
for both cases. As expected, under risk neutrality, total enrollment increases by nearly 40
percent and enrollment in four-year colleges—where risk matters the most as the wedge
in wages and cost of education are higher, and time until graduation longer—by around
81 percent. Finally, the mass of students still enrolling in academic two-year colleges un-
der risk neutrality highlights the importance of the learning channel as a feature of aca-
demic two-year colleges. Risk affects the enrollment distribution both at the extensive
and intensive level. At the extensive level, lower risk aversion increases total enrollment.
At the intensive level, lower risk aversion affects the composition of enrollment as risk,
tuition, and wages upon graduation differ across types of institutions.

5.2 How much option value?

The model is solved again to evaluate the size of the option value, this time reducing the
amount of options. First, the transfer option is discarded and, therefore, the only avail-
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able alternative after the initial enrollment choice is to drop out. Second, the dropout
option is discarded, thus no action, other than consumption decisions, is possible dur-
ing tenure as a student. Let RETP+T (py), RETP (py), and RE (py) denote the value of en-
rollment at institution i with both options available to the agent, with only the dropout
option available, and with no dropout or transfer options available, respectively. The
following decomposition of returns applies:

| REP (o)~ REP(po)  REP(po) ~RE(po)  RE(po)

The first term in the right hand side is the value-added to total returns Rf+D +T( Po)
by the transfer option, the second term provides the value-added by the dropout option,
and the third term accounts for the value accrued through enrollment. Figure 4 shows
that returns at four-year colleges are explained by the dropout option and by simply
having the enrollment choice, in accordance with high graduation and dropout rates
observed for four-year college students at NLS-72. Also, Figure 4 accounts for the im-
portance of the transfer option in explaining returns to academic two-year college en-
rollment. As the figure shows, the value-added by the enrollment option that accounts
for the simple human capital accumulation story has zero share of the returns.

Table 8 produces the same decomposition, but this time for the mean return of the
population distribution of beliefs py. The transfer option is very valuable in academic
two-year colleges, accounting for 69 percent of total value. The dropout option is valu-
able in both types of institutions, but more so in four-year colleges.

09 q

0.8

071 Transfer Option 7

06

Dropout Option

041
0.3F
Enrollment q

0.2

0.1

Transfer Option

0 I I I I I I L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
prior

F1GURE 4. Decomposition of returns. The vertical lines define the indifference belief for enroll-
ment between work and academic two-year colleges, and between academic two-year colleges
and four-year colleges.
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TABLE 8. Average value-added of each option.

Academic 2-Year College 4-Year College
Enrollment option 0% 13%
Dropout option 31% 87%
Transfer option 69% 0%

TaBLE 9. The effect of tuition on the enrollment pattern.

Baseline 74 %0.85 7c %0.85 A 7€

Percentage of high school graduates that

Join workforce 56.9 56.1 55.9 59.7

Enrollin 4 15.7 26.6 8.1 0.15

Enroll in C 27.4 17.3 36 40.15
Percentage of those initially enrolled in A4 that

Drop at A4 (1st spell) 48.6 41.6 46.1 100

Transfer from A to C (1st spell) 43.8 53.5 42.8 0
Percentage of those initially enrolled in C that

Drop at C (1st spell) 42.1 34.8 46.6 53.6

Graduate at C (1st spell) 57.8 65 53.3 46.4

6. How SUBSTITUTABLE ARE COLLEGES?

The main purpose of enrollment in academic two-year colleges is to learn in a less de-
manding and cheaper environment, and eventually transfer to four-year colleges with
a fraction of the already accumulated credits. Still, agents have the choice to enroll at
four-year colleges. Given that a set of agents prefer to enroll in academic two-year col-
leges, the question that arises is how much value academic two-year colleges provide to
these agents relative to initial enrollment at four-year colleges. That is, how close of a
substitute are these institutions?

To explore the degree of substitutability across college types, in Table 9 I explore the
effect on the enrollment distribution of changing the tuition at either academic two- or
four-year colleges. To aid in the comparison, the second column reports statistics for
the baseline economy. The third column of the table shows the effect of decreasing tu-
ition in academic two-year colleges by 15 percent, while the fourth column shows the
effect of decreasing tuition at four-year colleges, also by 15 percent. As the comparison
of these and the baseline case show, even though total enrollment responds little to the
changes in tuition, the distribution of enrollment changes considerably. When academic
two-year colleges are cheaper, a large fraction of students who in the baseline econ-
omy enroll in four-year colleges now enroll in an academic two-year college. Because
these students have high beliefs relative to the other students enrolling in an academic
two-year college, the dropout rate at these colleges decreases, while the transfer rate to
four-year colleges increases, both in a considerable way. Furthermore, because those
students who remain in a four-year college after the tuition change have high beliefs,
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they are less likely to drop out and more likely to graduate. Finally, notice that an oppo-
site pattern is observed when four-year colleges are subsidized. This occurs because the
pool of students who enroll in a four-year college have, on average, lower beliefs and,
therefore, are less likely to graduate and more likely to drop out. That is, even though
the decrease in the attendance cost at four-year colleges implies an increase in college
participation, graduation rates at four-year colleges fall because of the compositional
change in the beliefs of enrollees.

The last column of Table 9 explores the effect of increasing tuition in academic two-
year colleges up to the level at four-year colleges. The comparison of the results of this
experiment with those of the baseline case are useful in underpinning the importance of
academic two-year colleges. Students enroll in the latter because (i) academic two-year
colleges are cheaper than four-year colleges, and (ii) the learning technology available at
academic two-year colleges is better suited to marginal students as it reveals low ability
at a faster pace (see Table 4). Because in this experiment (i) is shut down, the compari-
son of the experiment with the baseline case identifies the importance of (ii) to explain
enrollment at academic two-year colleges. Surprisingly, the table reveals that if tuition
differences were to be eliminated, total participation in postsecondary education would
decrease marginally, with the fraction of individuals joining the workforce directly after
high school graduation increasing from 56.9 percent up to 59.7 percent. Also, after the
tuition increase, most of the students enrolling in an academic two-year college now en-
roll in a four-year college. This shows that once we control for tuition differences across
colleges, the learning technology at academic two-year colleges is not sufficiently good
so as to maintain a large enrollment. Away from a very small fraction of students who
still enroll in an academic two-year college after the tuition change, those who do not
enroll in a four-year college now join the workforce directly after high school graduation.
These are the marginal students, those with low beliefs and, therefore, with low expec-
tations of graduation. Because of their marginal status, they were also the most likely
dropouts prior to the tuition hike, so their expected payoff of college education was very
small. As a result, their welfare loss due to the change in tuition is minimal. Overall, this
analysis shows that the main reason high school graduates find it optimal to enroll in an
academic two-year college is because these colleges are cheap. The learning technology
they provide, although better suited for discovering low ability, does not provide enough
value by itself to motivate students with low beliefs to enroll.

Given the apparent high degree of substitutability across college types, a natural
question is whether academic two-year colleges are an important source of value for
students. With this in mind, Figure 5 evaluates how the elimination of academic two-
year colleges affects the return to enrollment for an agent with belief py. For students
who enroll in four-year colleges in the baseline model, the availability of academic two-
year colleges provides no value since the transfer option has no value for them. For stu-
dents who enroll in academic two-year colleges in the baseline model, what happens
when academic two-year colleges are eliminated is that (i) most students simply enroll
in four-year colleges and the difference in value is very small, and (ii) the rest join the
workforce.
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F1GUure 5. The value-added of academic two-year colleges.

TaBLE 10. The effect of academic two-year colleges on enrollment and returns.

Total Participation Return
Academic 2- and 4-year colleges 43.11% 2.12%
4-year college 40.3% 2.25%

To characterize the welfare effect of academic two-year colleges, an analysis of pop-
ulation aggregates is needed. Specifically, it is important to evaluate how participation
in postsecondary education and welfare change due to the availability of academic two-
year colleges. Recall that R;( p) is a monotonous transformation of v;(0, p) thatin turn is
the certainty equivalent of enrollment at institution i abstracting from the wealth level a.
Asaresult, R;(p) is a good measure of utility and, therefore, a comparison of returns pro-
vides a good approximation for welfare losses or gains. Table 10 compares total partici-
pation and measured returns for the baseline model where academic two-year colleges
are available and the only enrollment options are four-year colleges. The availability of
academic two-year colleges increases participation by nearly 7 percent and generates a
drop in measured returns of around 6 percent due to the compositional change in total
participation.

7. THE VALUE OF THE SLOW ARRIVAL OF INFORMATION

In the model, students sort across college types because they have different beliefs re-
garding their ability level. While enrolled in a college, the arrival of information gener-
ates a reevaluation of beliefs, and motivates dropout and transfer behavior. Notice that
the process of reevaluation of beliefs is a slow process, something that follows from the
inability of students to take more than one exam per period and signals not being per-
fectly revealing. The slow arrival of information hinders the returns to postsecondary
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education. It follows that a natural experiment is to measure how much returns are hin-
dered by this slow-moving process. I investigate this by comparing the return to the
availability of postsecondary education in the baseline economy with that of a coun-
terfactual economy where high school graduates obtain a fully revealing signal about
their ability level prior to making the decision of college enrollment. The comparison of
returns in these two economies allows me to gauge how much the slow-moving process
of information acquisition hinders the value of education.

For concreteness, I now describe the counterfactual economy. Consider a high
school graduate with belief py. With probability 1 — py, the individual is of low ability
and, therefore, given that in the calibration low ability students gain nothing from post-
secondary participation, she finds it optimal to join the workforce. However, with prob-
ability py, she is of high ability and finds it optimal to enroll in a four-year college and
remain enrolled until graduation. I refer to this economy as a revealed-type economy.

Figure 6 compares the returns to enrollment in both economies. As the figure shows,
the fact that information arrives slowly does not affect the return of students with low
beliefs (i.e., po = 0) and high beliefs (i.e., pg = 1), as individuals with these levels of be-
liefs are fully informed about their types. As the initial belief departs from the limits of
the support, the two returns start to differ, with the return in the revealed-type econ-
omy always dominating. This occurs because enrollment is costly, as the student has
to forgo her work earnings in addition to paying tuition and the only return to enroll-
ment happens after graduation. Therefore, a signal that fully reveals the student’s type
reduces considerably the expected cost of education, as only students who are certain to
graduate would pursue higher education. Moreover, notice that the largest differences
in returns occur when pg =~ 0.3, the belief at which, in the baseline economy, individ-
uals are indifferent between joining the workforce and enrolling in an academic two-
year college (this can be seen in the left panel of Figure 2). That the excess return of the
revealed-type economy is the largest here follows, as the gains of education occur after
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graduating from a four-year college, something that a student enrolling in an academic
two-year college with the lowest belief is very unlikely to attain.

Taking the difference between the returns for the two economies provides a measure
of the excess return of the revealed-type economy with respect to the baseline economy
for each initial belief p(. Using the estimated distribution of beliefs for the NLS-72 data,
I compute the average excess return. I find that a signal that fully reveals the type of
high school graduates increases returns quarterly by 1.5 percent, which is a large excess
return given that the quarterly return in the baseline economy is 0.9 percent. The an-
nualized excess of returns is 6.3 percent. The large gains in returns that follow from the
availability of fully revealing signals show that the persistence of uncertainty that follows
from the slow arrival of information hinders in a considerable way the returns to educa-
tion. An obvious policy implication of this result is to provide better screening prior to
enrollment, for example, by having an admission examination.

8. CONCLUDING REMARKS

This paper proposes a simple, highly tractable model of postsecondary education that
incorporates the work decision and attendance at academic two- and four-year colleges.
In the model, students are allowed to drop out and transfer to more/less rewarding in-
stitutions as credits are accumulated and expectations are adjusted. The decision is not
a trivial one. Higher rewards imply higher costs of education and more risk.

The parameterized version of the model is consistent with the data in terms of transi-
tions, sorting, and returns. Therefore, it sheds some light on the role played by academic
two-year colleges. These institutions act as a stepping stone toward more rewarding, and
demanding, environments, namely, four-year colleges.

In line with the literature of investment under uncertainty, the dropout and trans-
fer options, and the availability of academic two-year colleges have an attached option
value. A novel feature of this paper is that it presents structural estimates of the differ-
ent option values. The dropout option explains a large share of ex ante returns on both
academic two- and four-year colleges. In fact, very few students would pursue higher
education if dropping out is not allowed. The transfer option is not valued at four-year
colleges, but explains nearly 70 percent of ex ante returns at academic two-year colleges,
consistent with the idea of a stepping stone. Interestingly, academic two-year colleges
as a whole are not highly valued, even though there are four students enrolling in these
institutions per ten enrolling in a four-year college. Their value comes mostly from a
modest increase in participation by the marginal students. All the others would simply
enroll in a four-year college given that they are still allowed to drop out.

An interesting extension would be to introduce credit constraints into the model
and evaluate the importance of the stepping stone argument with respect to credit con-
straints explaining the high enrollment rate observed in academic two-year colleges.
Although an interesting exercise, it would require a complete reevaluation of the cali-
bration exercise, as the whole point of the exercise would be to do a horse race between
the two alternative mechanisms. As a result, external identification of the parameters
would be needed, or at least finding some data that help distinguish the two stories. An-
other worthwhile extension would be to allow for different types of institutions within a
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college type; for example, different four-year colleges. Through the lens of my model, if
different colleges charge different tuition and have different learning technologies, stu-
dents would also sort across the different institutions, even within a college type. This
extension would be particular suitable to relate to the results in Hoxby and Avery (2012),
which finds that students with high grades in high school but from poor families do not
apply to selective universities. Because the income of the student’s father is positively
correlated with the student’s initial belief, I conjecture that a model like mine could ex-
plain the documented empirical regularity.

APPENDIX A: INITIAL ENROLLMENT CHOICE

Ordered returns to enrollment together with the evidence presented in Table 2 suggest
that the initial enrollment choice is ordered as follows: work, vocational school, aca-
demic two-year colleges, and four-year colleges. Table 11 presents the results of an or-
dered probit regression of the initial enrollment choice on a vector X of observable mea-
sures of ability. Let B8 denote the vector of factor loadings. Relative to Kane and Rouse

TaBLE 11. Ordered probit regression.

Variable Version A Version B
Male 0.183 0.234
(0.041) (0.044)
Black 0.358 0.365
(0.069) (0.073)
Socioeconomic status
Low —0.901 -0.9
(0.088) (0.093)
Medium —0.600 —0.609
(0.072) 0.074)
Education of father
Less than HS —0.366 —0.381
(0.072) (0.076)
HS graduate —0.120 —0.115
(0.065) (0.068)
4-year graduate 0.324 0.352
(0.084) (0.086)
Rank -1.317 —1.41
(0.073) (0.078)
Cut 1 -1.133 —0.893
(0.078) (0.079)
Cut2 -0.877 —0.368
(0.071) (0.078)
Cut 3 —0.354 —
(0.076) —
Number of observations 3462 3462

Note: Ordered probit estimation of the initial enrollment choice on observable
measures of ability. Version B merges vocational school with work. Source: NLS-72.
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TABLE 12. Measure of ability X’ .

Version Work Vocational School Academic 2-Year College 4-Year College
A —1.380 —1.249 —0.993 —0.631
(0.548) (0.531) (0.583) (0.627)
B —1.426 -1.013 —0.633
(0.572) (0.609) (0.654)

Note: Constructed from ordered probit estimation (see Table 11). In Version B, work and vocational school are collapsed
together. Source: NLS-72.

(1999), the analysis is extended here to consider vocational school and academic two-
year colleges as separate institutions. The reference column in Table 11 is Version A (Ver-
sion B pools vocational school and work together).

The value X’B is a composite measure of ability, consistently estimated by X’. To
evaluate a measure of the degree of sorting in initial enrollment, Table 12 produces the
mean and standard deviation (in the cross section) of X’g across the different alterna-
tives. See Version A in the first row of the table. The measure of ability X’ is unit-less, as
it is just an ordinal representation of ability measures. Start with high school graduates
who join the workforce—labeled as work in the table—and move upward across enroll-
ment options. The mean value for the measure of ability increases monotonically with
the enrollment options.

APPENDIX B: WAGE PROFILES

The typical Mincer regression evaluates the effect of educational histories on lifetime
earnings by estimating a wage regression on years of education and work experience.
There is significant ongoing literature that accounts for nonlinearities in years of edu-
cation (see, for example, Grubb (1993), Heckman, Lochner, and Todd (2008), and Kane
and Rouse (1995)). The typical example in favor of nonlinearities is the graduation pre-
mium. This literature has treated years of education (or amount of credits earned) in
different types of institutions as perfect substitutes. Instead, it is now assumed that dif-
ferent educational histories affect lifetime earnings in different ways. Furthermore, as
has been already discussed in the literature, this analysis breaks the additive form (in
the log version in the Mincer regression) of years of education and experience by esti-
mating a growth equation.

Table 13 presents the results of the extended mincer regression, accounting for the
different types of education and graduation premium; see Version A. Graduation in both
vocational schools and four-year colleges is associated with higher wages relative to
dropping out. The same idea does not apply to academic two-year colleges, as the re-
turn to becoming a dropout is higher than the return from graduation. The low number
of students who graduate at academic two-year colleges raises questions about the sig-
nificance of the difference. The significance test presented in Table 13 shows that there
is not enough evidence to reject the idea that the return to graduation is similar (or even
higher) to the return to dropping out.
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TaBLE 13. Mincer regression.

Version B
Description Version A 1) 2)
0.24 0.22
wlc) Drop at 4-year college (0.042) (0.041) -
0.09 0.077
w’j Drop at acad. 2-year college (0.045) (0.044) -
0.072
w{,’ Drop at vocational school (0.046) - -
0.304 0.286 0.2122
wg Graduation at 4-year college (0.04) (0.04) (0.037)
0.015 0.0149 0.0445
w(j Graduation at acad. two-year college (0.1) (0.104) (0.104)
0.284
wg Graduation at vocational school (0.15) - -
Prob. > F Prob. > F
Test: w§ = ) 0.5698 0.5735 -
Test: wl = w{ 0.9092 - -

Note: Dependent variable: log of wages in 1985. Independent variables: graduation and dropout dummies for each type of
institution, and controls for ability measures. Version B collapses vocational schools and workforce together. Source: NLS-72.

APPENDIX C: THE VALUE FOR A STUDENT

In this section, I discuss how to derive the value function for a student. The sketch of the
proof is as follows. I start by (i) guessing that consumption is strictly greater than zero
and (ii) guessing a value function that is separable in the sense that the value function
can be expressed as the combination of two different value functions: one depending on
wealth level a, and the other depending on the other states {i, s, p}; I refer to the latter
as vj(s, p). This guess is natural given the assumption of exponential utility function.
I then go on to construct v;(s, p). Finally, I check that consumption is, in fact, strictly
above zero, confirming the guess.

I now construct the value function that solves the student’s problem. I conjecture
that consumption is strictly positive so that the lower bound for consumption is not
binding. The first order condition reads

1 d/ Vi(d,s', p'YHi(dn, p)
n

:1+r da’

e ¢
Substituting it back into equation (2) provides the maximized value function

L@ / Vid,s', p)H(dn, p)
n

Vi _
+ 1 V(a’ s', p')H(dn p)+l
1+r n 1 b b b y'
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I conjecture that

/ Vid,s', p)H(dn, p) = L Lemvra+iits.p) 4 ﬂ
n r

yr
Under this conjecture, the evolution of the asset level reduces to a’ = a — 1:', — ’j"l(i;” ),
Then substituting into the maximized value function and using that v;(s, p) = %)r_”l,

I obtain

VA7 —yvoaruipn 14T
yr yr

Vi(a,s, p) =—
where v;(s, p) solves the recursive equation
—yvi(s, p) = (1 +7)" ln[/ —max{—e_y(hw_”i), — e~ Y0 ), P17
7
_(H(p/efwhi(l)fw’) +(1- p/)efwhi(mfr#))
+ (1= e 72D i (d, p)}

for any i, with ' = s + Q(n) and p’ = b(n, p).

Finally, recall that I constructed a solution to the value functions under the guess
that ¢ > 0. It follows immediately that the guess for consumption is verified and that
Vi(a,s, p) = —%e‘V(’““i(W’)) + 17#, with v;(s, p) solving the system of recursive equa-
tions described above, solves the student’s problem.

APPENDIX D: FIT OF MODEL

The prior py is positively correlated with the measure of ability X’ obtained from the
ordered probit regression (Table 11 and Table 12) so that the enrollment pattern gener-
ated by the model fits the empirical distribution obtained from NLS-72.

The model also has predictions regarding the dropout, transfer, and graduation
behavior of students. In particular, conditional on the initial enrollment choice, the
model produces probabilities of different educational patterns as a function of the ini-
tial prior pg, as shown in Figure 7. The initial prior p, affects the decision making of the
student and the dynamic pattern in two different ways. First, it affects the likelihood of
different educational histories, as the distance to different threshold values changes with
the prior. Second, the value of the prior is related to the likelihood of different signals,
as po = Pr[u = 1]. In fact, the estimation of the model attempted to match the empiri-
cal marginal density of dropouts, transfers, and graduation at both academic two- and
four-year colleges.

Figure 7 has three different regions (the straight vertical lines separate the differ-
ent regions). The first region, given for low values of the prior p, is for agents who join
the workforce directly. The second region, the middle one, is for agents who enroll in
academic two-year colleges (average values for the prior) and the third region, the top
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FIGURE 7. Probability of drop out, transfer, and graduation. The probabilities are computed ac-
cording to the initial enrollment choice of an individual with initial prior py. The plot has three
regions (from left to right). The first region is empty, as individuals with low priors join the work-
force. The second region is for individuals enrolling in academic two-year colleges, while the
third region is for individuals who enroll in four-year colleges.

one, is for agents who enroll in four-year colleges. Conditional on the initial enrollment
choice, Figure 7 presents the likelihood of each of the three possible events (i.e., drop
out, transfer, or graduate) in the first spell of education for a student with a given initial
belief py. The likelihood of graduation and dropping out in academic two-year colleges
are decreasing functions of the initial belief py, while the likelihood of transferring to
four-year colleges is increasing. For students who initially enroll in four-year colleges,
the likelihood of graduation increases with the initial belief, while the likelihood of drop-
ping out decreases with the prior. Another interesting aspect observed in Figure 7 is that
students who transfer from four-year colleges to two-year colleges have above average
beliefs (relative to students who enroll in four-year colleges).14

To evaluate the predictions of the model regarding the transition probabilities, Ta-
ble 14 shows students by behavior (i.e., drop out, transfer, graduate) in the first spell
of education and size of the measure of ability X’3. For students initially enrolled in
academic two-year colleges, the pattern observed for dropout and transfer probabili-
ties is similar to the model’s predictions. A similar thing happens for the dropout and
graduation probabilities for students initially enrolled in four-year colleges. Graduation
probability in academic two-year colleges and transfer probability in four-year colleges
are less revealing due to the low number of students included in these cells. Still, the
evidence in these two cases does not conflict with the model’s predictions.

14The shape of the figure is robust to different calibrations of the model. In particular, calibrations that
match more closely drop outs and transfers (in detriment of enrollment moments).
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TABLE 14. Proportion of agents initially enrolled in i with particular history.

Academic 2-Year College 4-Year College
Drop Transfer Graduate Drop Transfer Graduate
Low X'8 77.3% 17.6% 5.1% 51.7% 1.7% 46.6%
Med X' 66.1% 29.4% 4.5% 45.4% 2.4% 52.2%
High X' 44.9% 50% 51% 35.6% 2.4% 62%
Number of obs. 332 192 26 392 47 474

Note: These proportions are conditional on the initial enrollment status of the student. X’ 8 denotes the estimator of the

observable measures of ability. Recall that py = and that a student enrolls in four-year college if her prior is high

[ S
14e—(X'B+e)’
enough and in an academic two-year college if it is average (so that she compares her initial prior with thresholds). Then the
enrollment problem can be estimated using an ordered probit regression from where g is estimated.
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Ficure 8. Empirical density of drop out, transfer, and graduate. NLS-72 cohort. As a function
of ability measure X’ [§ and conditional on initial enrollment choice. First, a conditional (on the
initial enrollment choice) nonparametric estimation of each event was performed. Next, each
density was weighted by its share in initial enrollment. Finally, for every level of X’ 3, the propor-
tion of each event was constructed.

An alternative and more involved way to evaluate the results on Figure 7 would be,
conditional on the initial enrollment choice of agents, to do a nonparametric estimation
of the densities of each of the different educational histories. Weighting these densities
accordingly, it is possible to produce the empirical counterpart of Figure 7. First, the
density associated with a given history is weighted by its share on initial enrollment in a
given institution. For a given measure of ability X', it is now possible to compute the
proportion of agents who eventually end their first spell of education either by dropping
out, transferring, or graduating. Figure 8 presents the results. Notice how the patterns in
Figure 7 (model) are very similar to those in Figure 8 (data).
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APPENDIX E: OTHER SELECTED TABLES AND FIGURES

TaBLE 15. Average cost of education.

Tuition Tuition + R&B
Vocational school 3803.84 5904.74
Academic 2-year college 1811.36 2729.65
4-year college 3420.73 5038.8

Note: R&B denotes room and board. Missing values were imputed by running
a cost regression and imputing missing values through observables. The values
are measured in 1984 dollars. Source: NLS-72.
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