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Abstract

This thesis develops and tests a varicty of models of symmetric learning in the la-
bor market. Each model is motivated by a different empirical regularity in labor
market data — the wage gap between observationally equivalent blacks and whites,
re-enrollment in school after extended interruption in attendance, and transitions
from part-time to full-time enrollment in college — for which existing theory offers
no accepted explanation. Auxiliary predictions are derived for each of the learning
models and are tested using data from the National Longitudinal Survey of Youth
(NLSY).

The first essay develops and tests a simple dynamic model of statistical discrim-
ination in the labor market. Previous formulations of the statistical discrimination
model, all of which have been static, can rationalize an observed wage differential
between groups but typically offer no additional testable predictions. In contrast, the
present model has a number of empirical implications. Moreover, it improves upon
static versions of the theory by allowing the uncertainty about the productivity of an
employment match (a key assumption in all statistical discrimination models) to be
resolved as the quality of the match is learned by observing on-the-job performance.
The model’s predictions are tested using a sample of black and white mnales from
the NLSY. A majority, but not all, of the evidence is consistent with the theoretical
predictions. However, the model explains several features of the data that cannot be
accounted for by alternative theories. This suggests that the informational disadvan-
tage proposed by the statistical discrimination model — that good job matches are
less apparent ez cnte for blacks than for whites — is a part of the explanation for the
different labor market outcomes of black and white males in the early stages of work
careers.

The second essay presents evidence from the NLSY that, contrary to the pre-
diction of a basic life cycle model of earnings, the transition from school to work
is frequently characterized by extended interruptions in attendance and subsequent
re-enrolilment. An extension of the life cycie model, in which individuals learn about
the value of additional schooling through labor market experience, is developed to



explain this pattern of interruption and re-enrollment. An alternative explanation of
the phenomenon based on borrowing constraints is also presented. The two models
differ in their empirical implications and are tested using data from the NLSY. The
data offer little support for a pure borrowing constraints explanation of interrup-
tion and re-enrollment, but a combination of the learning and borrowing constraints
models is consistent with the findings.

The last essay presents evidence from the NLSY that part-time enrollment in col-
lege and simultaneous enrollment and employment among college students are quite
common. More importantly, it shows that a significant fraction of part-time enroll-
ment spells end with a return to full-time enrollment. An extended life cycle model of
earnings, in which ability is learned through past performance in school, is developed
to explain transitions from part-time to full-time enrollment. An alternative explana-
tion based on borrowing constraints is also presented. The two models yield different
empirical predictions which are tested using data from the NLSY. The evidence offers
support for the learning model, suggesting that part-time college enrollment results,
in part, from the combination of uncertain ability, learning about ability over time,
and the sequential nature of the enrollment decision.

Thesis Supervisor: Henry S. Farber
Title: Professor of Economics
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Introduction

This thesis focuses on learning in the labor market. More precisely, it develops and
tests a variety of models of symmetric learning in the labor market.! Each model seeks
to explain a different feature of labor market data. Consequently, while learning is
a central idea in each of the models, they differ significantly ix their details. Several
auxiliary predictions are derived for each of the models 2nd these are tested using
data from a sample of young workers.

Symmetric learning models are based on two intuitive ideas. First, some of the
fixed characteristics that affect the outcome of labor market exchange are unobserv-
able to the trading parties, at least when the parties first meet. Second, the results of
past exchange allow the parties to make inferences about those fixed characteristics
that affect the outcome of exchange but are not directly observable. Put more suc-
cinctly, not everything is known about an employment match upon its formation, but
more is learned with the passage of time. The assumption that learning is symmetric
rules out strategic behavior. The fixed characteristic that the parties learn about
may be specific to the werker, to the job, or to the match between worker and job.
Regardless, the information contained in the observed sequence of past labor market
outcomes reduces the uncertainty surrounding future realizations. At the same time,
the history of past labor market outcomes causes agents to update their prior beliefs

and, potentially, to change their behavior in the future.

'Hereafter, I often use the generic phrase “learning models” to refer to models of symmetric
learning in the labor market. There also exists a large literature on asymmetric information in the
labor market. Asymmetric information leads to strategic behavior that is not present in symme(ric
learning models. That is, the uninformed party learns by drawing inferences from the behavior of
the informed party, and as a result the informed party takes this into account when deciding on an
action.



Theoretical work on learning in labor markets was originally motivated by the
observed pattern of turnover, job tenure, and wages over the life cycle. Mincer and
Jovanovic (1578) showed that the steep decline in job mobility with age is largely
a reflection of a similar negative relationship between the probability of turnover
and the length of job tenure.? Even after attempting to control for unobserved het-
erogeneity in a sample of workers, the authors found that the negative relationship
between job tenure and mobility is strong. At the same time, Mincer and Jovanovic
found that there i a positive correlation between wages and job tenure, and that the
measured return to Jabor market experience declines once job tenure is included as
an explanatory variable in the estimation of earnings functions.

The learning model proposed by Jovanovic (1979) offers an explanation for these
correlations. Jovanovic postulates that the productivity of a match between a worker
and a job is unknown initially, but is gradually revealed to both worker and employer
as output from the match is generated. Wages rise with tenure in this model because
only matches that are revealed to be sufficiently productive survive. Thus, individuals
with long tenure are a selected sample of those matches that are unusually productive,
other things equal. Job mobility declines with tenure because beliefs settle down as
information about the productivity of the match accumulates. At low levels of tenure,
new information can significantly alter prior beliefs about the quality of the job match.
In particular, many individuals learn that a job that was worth trying is not worth
keeping. In contrast, there is little left to learn about jobs that have survived for
many periods. Consequently, the probability that it is optimal to leave a match that
was optimally continued in the previous period is very small.

The intuitiveness of the basic ideas underlying the learning model has led to
application of the theory to other questions in labor economics. For instance, Miller
(1984) extends the learning framework to the question of occupational choice and
derives predictions about the order in which occupations should be sampled and the

pattern of transition between occupations that one would e pect to observe. Viscusi

2Hall (1982) also analyzes cross-sectional Job tenure data and finds that the probability of a job
separation declines with job tenure.
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(1979) develops a learning model of job safety to analyze the eflect of occupational
hazards on mobility behavior.

At the same time, evidence from a variety of empirical studies suggests that learn-
ing plays a significant role in the labor market. Topel and Ward (1988) analyze wage
growth and turnover behavior for a sample of young men and find substantial support
for the predictions of the Jovanovic model. Farber and Gibbons (1991) consider a
model in which the labor market learns about (worker-specific) ability. Their learn-
ing model makes predictions about the evolution of wages and about how earnings
function estimates should vary with labor market experience. These predictions re-
ceive support in the data set that the authors analyze. Finally, Glaeser (1991) finds
that the absolute value of residuals from wage change regressions are strongly and
negatively correlated with job tenure. To the extent that these (absolute values of)
residuals measure the change in the estimated productivity of a job match, the find-
ing that beliefs are less volatile as tenure on the job increases is consistent with the
learning model.

The theoretical appeal and empirical success of the learning model suggests that
further application of the approach might be fruitful. The essays in this thesis un-
dertake this task. The first essay expands the learning framework to the question
of labor market discrimination. The second and third essays consider school enroll-
ment behavior from a learning perspective. Each essay is motivated by a particular
empirical finding and a model consistent with each finding is developed. Additional
empirical predictions are derived for each model and these predictions are then tested
using data from the National Longitudinal Survey of Youth (NLSY). Since learning
models make predictions about dynamic behavior, a panel data set is required to test
the theory. Moreover, since learning is apt to be most important among the young,
a data source focused on youth is desirable. Thus, the NLSY is probably the best
available data set for examining the hypotheses that are derived from the models.

The first essay develops and tests a learning model of labor market discrimination.
This effort is motivated by the well-documented empirical finding that blacks earn

less than whites, even after controlling for all observable individual and job charac-
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teristics. Two general classes of discrimination models have been proposed to explain
this finding. The first group of explanations, of which Becker (1971) is the seminal
contribution, relies on tastes. In short, if whites have a “taste for discrimination”,
this drives a wedge between the wages of blacks and whites in (short-run) equilibrium.
The problem with this model is that incentives to segregate and/or competitive mar-
ket pressures should prevent the wage differential from persisting over the long run.
This difficulty has led to a second strand of theory that searches for an explanation
based on imperfect information. The statistical discrimination model of Aigner and
Cain (1977) exemplifies this more recent literature, and the extension proposed by
Lundberg and Startz (1983) succeeds in providing a non-tastes explanation of the
black-white wage differential. A problem with the Lundberg and Startz model, how-
ever, is that it offers no testable predictions beyond the difference in the mean wages
of blacks and whites that motivated the modelling effort in the first place.

I deveiop a dynamic statistical discrimination model that emphasizes learning as
a natural extension of the Aigner and Cain model. At the theoretical level, this model
is appealing because, in contrast to the implicit assumption in the static model, the
uncertainty about the productivity of a job match does not last forever. Instead,
uncertainty about the productivity of a match is only present when a job begins
(for blacks); after a single period of work, the productivity of the match is learned
with certainty. At the empirical level, the model is appealing because it generates
a large number of testable predictions, ranging from the absence of a black-white
wage differential at labor market entry, to differential measured returns to experience
and tenure for blacks and whites, to varying turnover patterns for blacks and whites.
These predictions are tested using a sample of males from the NLSY, with the dynamic
statistical discrimination model receiving mixed support.

In the other two essays in this thesis, the focus shifts to the school enrollment
decision and patterns of school enrollment. Both essays start with the observation
that, in a world of full information and no borrowing constraints, life cycle models

of earnings make the strong prediction that time allocated to school should decrease
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monotonically over the life cycle.* One corollary of this implication is that long
interruptions in schocling, followed by re-enrollment, should not be observed in the
data. A second corollary is that transitions from part-time to full-time enrollment
should not be observed in the data. I deal with these questions in turn in the second
and third essays.

In the second essay, I present evidence that re-enrollment after a lengthy inter-
ruption in school is far from rare in the NLSY data. To explain this phenomenon, I
develop a stylized learning model in which there are two levels of ability, two levels of
education, and two sectors of employment. High education is only attainable for high
ability individuals, but individuals do not learn their ability unless they attempt high
education. One of the employment sectors requires high ability (or high education)
individuals while the other is not selective. Compensation in each sector is the svin of
a component reflecting the average value of education in the sector and a component
reflecting the quality of the match between the sector and the worker. The sectoral
match component is unknown ez ante, but is revealed after working in the sector. In
each period, individuals choose between school and work to maximize the expected
present discounted value of lifetime earnings.

This model generates the prediction that individuals with optimistic beliefs about
ability pursue high education immediately, while those with pescimistic beliefs ini-
tially work in the low education sector. However, after learning their sector-specific
match quality, some low education individuals (those poorly matched to the low edu-
cation sector) may be enticed to attempt higher education, even though their beliefs
about ability are relatively low. This model predicts that those who enroll in school
after an interruption should be less likely to succeed in school, all else equal, and
that individuals earning less than their expected wage, given their characteristics,
should be more likely to return to school, other things equal. These predictions
are contrasted with those of a borrowing constraints model and empirical tests are

performed using data from the NLSY. The evidence is strongly consistent with the

3An increasing and concave earnings function is sufficient to generate this result. An assumption
of finite lifetimes reinforces it. See Weiss (1986) for more details.
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existence of learning-induced interruption and re-enrollment, although it might be
possible to construct a borrowing constraints model that would generate these same
predictions.

In the third essay, I show that transitions from part-time to full-time enrollment
also are not rare in the NLSY data. I then develop a stylized learning model that is
consistent with this behavior. The model assumes that in every period an individual
must choose one of three school-work options: full-time work and no school, part-time
work and part-time school, or no work and full-time school. Individuals know that
the optimal level of education rises with ability, but ability is unknown ez ante and
is learned only gradually as a by-product of previous enrollment outcomes. That is,
individuals update their estimates of ability after each new outcome from enrollment
in school. In each period, individuals select the option that maximizes the expected
pre...nt discounted value of lifetime earnings.

This model implies that it is optimal to increase the time devoted to school as
the estimate of ability rises. More importantly, part-time to full-time enrcllment
transitions can occur if beliefs about ability improve sufficiently after a successful
ouicome in school. Similarly, full-time to part-time transitions can occur when beliefs
become more pessimistic in response to a negative outcome in school. A prediction
from this learning model, then, is that stronger school attachment in any period
should be indicative of better academic performance in the previous period, all else
equal. I then show that, for students who were enrolled full-time in the previous
period, a borrowing constraints model predicts that weaker school attachment in a
given period should be indicative of better academic performance in the previous
period, ceteris paribus. I test the opposing predictions of the models using data from

the NLSY and find support for tke predictions of the learning model.
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Chapter 1

Statistical Discrimination and
Black-White Differences in Wages
and Mobility

1.1 Introduction

Blacks earn less than whites, even after contrelling for observable individual and
job characteristics. This differential has been observed in a wide variety of data
sources, and it remains today, despite the substantial progress towards economic
equality made by blacks in the past half-century.! Spurred by this empirical regularity,
several theories of labor market discrimination have been developed to explain the
phenomenon of different average wages for members of presumably equally productive
(on average) groups. However, no single explanation has gained general acceptance.
In his review of the discrimination literature, Cain (1986) argues that this lack of
consensus exists both because these theories offer few unambiguous predictions and
(perhaps as a result) because very little of the extensive literature on black-white

differences has actually tried to test the theories.

1Cain (1986) surveys the extensive work documenting the black-white earnings differential, while
Smith and Welch (1986, 1989) and Card and Krueger (1990) review the evidence on the long-run
economic progress of blacks.

17

e o T



This essay seeks to address Cain’s criticism by developing a modified version of
the standard model of “statistical discrimination”, deriving several new empirical
predictions from this model, and confronting these predictions with data. I mecdify
the traditional statistical discrimination model in two ways. First, I assume that
a worker’s productivity is match-specific rather than individual-specific. Second, I
extend the model by replacing the static framework with a dynamic framework in
which match productivity is learned over time. This extension generates endogenous
job mobility as optimizing behavior, a realistic feature absent from the static models.
Equally important, the model generates several new and testable empirical predic-
tions. I test these predictions using data from the National Longitudinal Survey of
Youth (NLSY).

The remainder of the chapter is organized as follows. Section 1.2 considers the
original statistical discrimination model and some more recent extensions based upon
it. I argue that these static models, although useful, are not fully satisfying at either
the empirical or the theoretical level. In Section 1.3, I develop a simple dynamic
statistical discrimination model and highlight its empirical predictions. Section 1.4
discusses the data used in the statistical analysis and presents the results. Finally,
Section 1.5 evaluates the model in light of the results and considers directions for

future research.

1.2 Statistical Discrimination

Most recent theoretical work on discrimination has considered how differential infor-
mation about members of different groups might generate between-group differences
in average wages. Such models represent a departure from Becker’s (1971) seminal
work on discrimination, in which tastes are the driving force. Becker’s model is ap-
pealing in several ways, not the least of which is that it is one of the rare economic
models of discrimination in which prejudice plays a role. However, as was noted by
Arrow (1973), the tastes model has difficulty generating the black-white wage differ-

ential which it seeks to explain—at least as a long-run equilibrium in a competitive
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and fully-informed labor market. Rather, the existence of “tastes for discrimination”
gives incentives for segregation in the workforce, and this purposive sorting of work-
ers prevents the discriminatory tastes from manifesting themselves as a racial wage
gap. It is this failure of the tastes theory, at least when coupled with the traditional
assumption of competitive labor markets, which led to the development of models of
discrimination emphasizing the role of information.

Among the informational models of discrimination, the statistical discrimination
model is the best known.? The standard rendering of this model (Aigner and Cain
(1977)) posits two groups (which I will call black and white) with identical known
Normal distributions of productivity (4 ~ N(m,o?)). Productivity, however, is as-
sumed to be unobservable and instead the market observes only an unbiased signal
equal to true productivity plus a Normal error (¢ ~ N(0, 0?)). The assumption
that defines this model is that the noise has greater variance for blacks than whites
(02p > o) so that the signal is less informative for blacks. Assuming individuals
are paid the conditional expectation of productivity given the signal, one can show

that the worker’s wage is

w= A m+ o (u+¢)
" \o?+0? ot +g2) T

Immediately, two things can be noted. First, because olp > oy, the individual

signal carries less weight (and, hence, group mean productivity is given more weight)
in the wage determination process for blacks than for whites. But, second and more
importantly, blacks and whites earn the same on average (provided that blacks and
whites are on average equally productive) because, for any choice of o2, E(w) = m.
Thus, without further adornment, the most basic model of statistical discrimination
cannot explain different average wages for different groups.

Various authors have extended the basic model so that it does generate the

?This is not to suggest that there are not other informational models of discrimination. Examples
include Arrow (1973) and Milgrom and Oster (1987). Interestingly, the sharp dichotomy in the latter
paper concerning what the market knows about “Visibles” versus “Invisibles” is very similar in spirit
to the informational assumptions made in the model developed in the present paper.
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between-group wage differential that is observed empirically. Lundberg and Startz
(1983) assume that workers can make an unobservable productivity-enhancing invest-
ment in human capital prior to entering the labor market. Such an investment raises
the worker’s signal (and true productivity), but, because a black worker’s individual
signal receives less weight in the wage setting equation, blacks have less incentive
to invest. As a result, blacks invest less, are less productive, and earn lower wages
than whites in equilibrium. While the Lundberg-Startz model is an important con-
tribution, convincing tests of the model do not seem possible since the mechanism
generating the wage gap is, by assumption, unobservable (to both the market and
the econometrician). Thus, as Lang (1986) points out, the most obvious pre-market
investment, (years of) education, cannot be the investment since it is observable to
employers. More generally, none of the explanatory variables commonly found in an
earnings regression can represent the unobservable investment. Furthermore, to the
extent that employers can observe, say, school quality and school performance (even
if the econometrician does not), these cannot be the unobservable investment either.
But, then one is left to conclude only that the investment is “something unobserv-
able”. More importantly, the model’s only “prediction” — that blacks earn less than
observationally equivalent whites — is the very finding which the model was built to
explain. Since the model makes no auxiliary predictions, it ultimately is not testable.

Lang (1990) takes a different approach by assuming that a worker’s pre-market
investment (education) is observable and partially reveals “innate ability”. Thus, em-
ployers usefully distinguish workers by both race and educational attainment. Labor
market productivity now is assumed to be the sum of two terms: a function of school-
ing and innate ability plus a second term representing the ability component which is
unobserved by both the labor market and the individual. Since a worker’s schooling
choice does not perfectly reveal productivity, wages remain a convex combination of
the average productivity of the (race-schooling) group to which the individual belongs
and the individual’s specific signal. In this model, additional schooling increases pay
in two ways: first, by directly increasing productivity and, second, by signalling that

the individual belongs to a high productivity group. It turns out that this second
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effect is larger. Thereiore, since average group productivity still receives more weight
(and the individual signal correspondingly less weight) in the wage setting equation
for blacks than for whites (since 625 > 02,,/) blacks now have a greater incentive to
invest in education than do whites of equal ability.

This model generates two interrelated empirical predictions. First, blacks get
more education than equally able whites, and, second, blacks have a lower measured
return to education than whites. Thus, at any given level of education, blacks are
less able and consequently lower-paid than whites. The evidence regarding these
predictions is mixed. Unconditionally, it is well known blacks get less education
than whites, but, after controlling for observable family background variables, blacks
appear to get more educatior. than equivalent whites (Griliches, Hall, and Hausman,
1978). Conditioning on observable background, though, it seems quite plausible that,
on average, blacks would be more advantaged in terms of unobservable background,
since historical barriers must have made it more difficult for blacks to achieve a given
level of “success” than otherwise equal whites. Thus, conditional on (observable and
unobservable) background, it is not clear whether blacks get more education than
whites.

Turning to the returns to education, the recent evidence (Smith and Welch (1986,
1989), Card and Krueger (1990)) suggests that blacks and whites have similar returns.
This finding is in contrast to much of the earlier work on this subject (for example,
Welch (1967)). TLe persuasive and well-documented argument that these authors
advance to reconcile the disparate evidence is that the lower returns to education
that previous cohorts of blacks earned were owe in large part to the lower quality
schooling that they received. In recent cohorts, the quality of education received by
blacks has converged towards that received by whites with the apparent consequence
that blacks no longer have a lower return to education than whites. Thus, while
Lang’s model of statistical discrimination generates testable predictions, the relevant
empirical findings, drawn from elsewhere in the labor economics literature, do not
provide definitive evidence, either for the theory or against it.

In summary, then, very few testable models of statistical discrimination have been
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proposed and no direct tests of the model have been attempted. However, scarcity
of empirical content is not the only weakness of this class of models. At the theo-
retical level, the static formulation of the model is somewhat troubling. The crucial
assumption in the model involves information — how much is known about which
groups — yet it makes no allowance for the acquisition of information over time.
However, in Cain’s words, one would expect “that the employer’s uncertainty about
productivity of workers may be inexpensively reduced by observing the worker’s on-
the-job performance” (1986, p. 727). More generally, the parties to an employment
relationship should learn its quality as time passes and respond to the newly available
information. Indeed, recent theoretical work on life cycle wage growth and turnover
(Jovanovic (1979a, 1984)) has emphasized exactly this dynamic aspect of the employ-
ment relationship. In sympathy with this idea, the model of statistical discrimination

that I develop below attempts to address, as simply as possible, this consideration.

1.3 The Model

1.3.1 Assumptions and Discussion

In this section, I set out the model of statistical discrimination upon which the em-
pirical analysis is based. Several features distinguish the model from its predecessors:
individuals are infinitely-lived, rather than (implicitly) living for a single period, and
maximize expected present discounted lifetime earnings; new job offers arrive ran-
domly over time generating endogenous mobility as optimizing behavior; and, produc-
tivity is specific to the worker-job pair (“match quality”) rather than worker-specific
(“ability”). In this dynamic setting, I modify the classic statistical discrimination
assumption in a simple way to allow for learning abcut match gquality over time.

I operationalize the notion that individuals learn the quality of an employment
match as time on the job accumulates by assuming that, after working on the job for
one period, all individuals know the quality of an employment match with certainty.

Thus, uncertainty about match quality is only present when a match is initially
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formed. Statistical discrimination models posit that this uncertainty is greater for
blacks than whites (625 > o2y). For the sake of tractability, I make the further
assumption that o?g = oo and o2y, = 0. Thus, for whites, jobs are pure “inspec-
tion goods”; the quality of any match is known with certainty (the signal is perfect)
immediately upon arrival of an offer. Conversely, for blacks, jobs are pure “expe-
rience goods”; nothing can ever be ascertained about match quality er ante (the
signal is pure noise) but, after a single period of work on any job, match quality is
fully revealed.® Given a random stream of offers and the (race-dependent) informa-
tional content of those offers, individuals move from job to job so as to maximize
the expected present discounted value of lifetime earnings, thereby determining the
evolution of observed wages and job tenures.

One might criticize the assumptions on information and learning as both specific
and extreme. Nevertheless, they capture two basic features that should be present in
any dynamic statistical discrimination model: first, the initial assessment of a worker’s
productivity is more noise-ridden for blacks than whites, and, second, observing on-
the-job performance improves the estimate of (and perhaps ultimately reveals) any
worker’s productivity. The utility of the specific assumptions made here is that they
simplify the analysis considerably. However, the hypotheses which are tested in the

empirical section do not appear to hinge on these specific assumptions.*

3In terms of the existing literature, the model’s informational assumptions are essentially like
Burdett (1978) for whites and a simplified (discrete-time, “one-shot” learning) version of Jovanovic
(1979a) for blacks.

4As will be seen below, the “limiting case” assumptions on ¢? lead to very simple mobility rules.
In the intermediate case, 0 < n;" < oo, with a continuum of match qualities, the mobility rule
becomes more complicated. Added complexity arises because (as in the case where 0? = 0o) there is
uncertainty about the quality of a new offer but, because the offer is now partially informative about
the underlying true match quality, an individual’s mobility decision depends on both the value of
the current match and the value of the new offer. Unfortunately, deriving the comparative static
implications for observable labor market outcomes of changes in o? appears exceedingly difficult.

If, however, one is willing to restrict the set of possible true match qualities and signals to be finite
(rather than a continuum), thea for any given choice of 02 (and the other parameter values) one
can determine the optimal mobility decision for each {true match quality on current job, signal for
new job offer} pair by iterative techniques on a computer. The solution can be arrived at iteratively
because the dynamic programming problein is a contraction mapping and because there are only &
finite number of such pairs. In limited experimentation, the empirical predictions (obtained from
analyzing data generated by computer simulation) of the intermediate model with a finite number of
“states” are qualitatively the same as those that | derive below under the limiting case assumptions.
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Before proceeding more formally, it may be useful to discuss the assumption of
greater error variance for blacks than fer whites (625 > 62)y) in some detail. As
Lang (1990) notes, the statistical discrimination literature has provided little jus-
tification for this key assumption. To fill this gap, Lang offers the following two
defenses. First, evidence from sociolinguistics (discussed in Lang (1986)) indicates
that miscommunication, broadly construed, is more common across (racial) groups
than within them. If employers are (disproportionately) white, then this evidence
on between-group communication suggests that it makes sense to model the signal
as being noisier for blacks than for whites. Of course, if communications difficulties
are the source of black workers’ disadvantage, they have an incentive to segregate
themselves into black-owned or black-managed firms. However, the combined effects
of past discrimination and credit market rationing conceivably could have inhibited
the emergence of a black managerial and/or entrepreneurial class large enough to
employ the population of black workers. In any case, a look at the data suggests
that it would be difficult for blacks to fully segregate themselves into black-owned or
black-managed firms, even if they wanted to. For instance, Meyer (1990) presents evi-
dence that blacks are much less likely to own businesses than whites, and black-owned
businesses tend to have fewer employees. In addition, blacks are disproportionately
less likely than whites to be in managerial occupations.

The second defense relies on Holzer’s (1987a, 1987b) evidence that blacks are less
likely to find their jobs through “connections”. It has long been speculated that
one role of connections might be to provide up front information about the quality
of a prospective match. More recently, Staiger (1990) has found empirical evidence
consistent with this conventional wisdom. Taken together, these findings suggest that,
on average, there is more initial uncertainty about the quality of new employment
matches for blacks than whites. This provides a second justification for the statistical

discrimination assumption.

3For example, in the NLSY data that [ analyze in this paper, the proportion of blacks in man-
agerial occupations is only half as large as the comparable fraction for whites. In the population at
large, this difference is probably even larger since older generations of blacks were presumably more
disadvantaged than more recent cohorts.
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The crucial and distinctive assumptions of the model are those regarding the ini-
tial information content of jobs (different for blacks and whites) and learning. The
remaining assumptions are quite familiar. It is assumed that individuals are infinitely-
lived, discount the future, strictly prefer work to nonemployment, and maximize the
expected present discounted value of lifetime earnings. Associated with every poten-
tial worker-job match is a distinct match quality, denoted (suppressing subscripts) p,
which reflects the productive capacity of the match. Match qualities are independent
and identically distributed for whites and blacks according to the same (stationary
over time) distribution, F(-), which has expectation E(u) = m. The quality of any
match is constant over its duration; match-specific human capital accumulation is ig-
nored to highlight the implications of the information and learning assumptions. For
each individual in each period, a single new job offer arrives with exogenous proba-
bility p, 0 < p < 1.° In a period in which an offer is received, mobility occurs or not
as maximization of expected lifetime earnings requires.”

The final assumption concerns compensation contracts, or, in other words, how
match qualities are translated into wages. Following Jovanovic (1979a, 1979b, 1984)
and others, I assume that the worker captures all of the rent that the match generates;
firms earn zero (expected) profits. This assumption, which guarantees that all job
mobility is efficient, relies on either explicit contracts or reputational considerations
on the part of the firm as an enforcement mechanism.® In Jovanovic’s model, this

assumption still does not uniquely determine the form of the wage contract. Possi-

6Thus, search effort plays no role in the generation of new job offers. This assumption is consistent
with the evidence in Clark and Summers (1982) that, for young workers, job-finding is a fairly passive
process.

7 A slightly more genera! analysis would include inobility costs. Introducing mobility costs compli-
cates the notation and analysis somewhat, without essentially changing any results. Consequently,
I proceed with the analysis under the assumption of costless mobility.

8At the other extreme, one could assume that firms held all the bargaining power, and presented
workers with take-it-or-leave-it offers. This assumption appears to have some different implications.
For instance, giving firms all of the bargaining power (and assuming that contingent contracts are
not possible), would appear to imply that black workers face a wage ceiling at the mean of the match
quality distribution. The reason is that the employer of a well-matched black worker need only pay
marginally above average wages to prevent job mobility since any other potential employer (who is
completely uninformed about the quality of the prospective match) will be unwilling to offer a wage
in excess of the mean.
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ble compensation schemes include paying the worker the conditional expectation of
productivity given past history (“wages in advance”), paying the worker the value
of current period output (“piece rates”), or any weighted average of the two. In the
simple model of the present paper, these alternative payment schemes only differ for
blacks in the first period on a job. For whites in all periods and for blacks who have
been with a job for at least one period, match quality is known with certainty and all
of these payment schemes reduce to the worker being paid this known match quality.
Nevertheless, certain predictions arise only for a particular contract form. Since the
model does not uniquely specify the form of the wage contract for blacks in the first
period on a job, I will be interested in those predictions that are robust across the
possible wage contracts. As a necessary preliminary to deriving these predictions, I

now examine the model’s implications for mobility behavior.

1.3.2 Optimal Mobility Rules

Whites

Consider first the mobility decision of a white worker. Because the value of both the
current job and any new offer are known up front with certainty, in the absence of
mobility costs a white worker moves to a new job if and only if its match quality
exceeds match quality on the current job. Thus, a white worker who receives an offer

in period n + 1, observes the following simple mobility rule:

Move if and only if w¥ < pny1,

where
Hay1 = realized draw on match quality in period n + 1,
w? = wage earned on job held in period n

= wage would earn in period n + 1 if stay on current job

= maximum of all match quality draws received previously.
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Blacks

Now, consider a given black worker’s optimal mobility behavior. In any period (after
the initial period in the labor market) in which an offer is received, the worker is faced
with the choice between staying on the current job, in which match quality is now
known, or moving to a new job of completely unknown quality. The key point to note
is that if the worker optimally rejects an offer in the current period, no offer will ever
be accepted. This result obtains because all offers look identical (since the signal is
uninformative) and because the worker’s time horizon never changes (since workers
are infinitely-lived). Furthermore, it implies that the worker’s optimal mobility rule
is a reservation wage rule. That is, there exists some unique mzich quality, u*, such
that, when the current job pays u*, moving and behaving optimally in all future
periods yields exactly the same payoff, in expectation, as does staying on the current
job forever and collecting u® each period. Therefore, if the black worker receives an

offer in period n + 1, the following optimal decision rule is observed:

Move if and only if u2 < p=,

where
p#* = constant reservation match quality,
uP = match quality on job held in period n

= wage would earn in period n + 1 if stay on current job.
Deriving the reservation wage result, and an implicit formula for x* for a given

worker, is fairly straightforward. Let

1, if a new offer has ever been rejected while on current job

d =
0, otherwise,
VS |d) = valuation of staying on current job which pays u, given d,
VM = valuation of moving to a new job of unknown quality.

Now,
p

s = = —_——
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because rejecting an offer once implies that the worker will always reject (identical)

future offers. Also,

Viuld=0) = u+B{(1-p)V(u|d=0)+pmax(VS(x|d=1),VM))

I Bpmax(VS(p | d = 1), V™)
1-B(1-p) 1-4(1-p) '

The first term on the right-hand side represents the expected discounted carnings on
the current job until a new offer is received. The second term on the right-hand side
represents the expected present discounted value of optimal behavior when a new

offer is ultimately received. Finally,
VM = m + B{(1 - pE(VS(u | d = 0)) + pE(max(VS(u | d = 1), VM))}.

This term is completely analogous to the expression for V5(u | d = 0), except that
now expectations are taken over the distribution of possible match quality realizations
on the new job to which the individual moves. One can see that VS(u j d = 1) is
monotonically increasing in p, while VM is a constant. Consequently, a reservation
match quality, below which the worker prefers to move to a new job and above which
the worker prefers to stay on the curzent job, must exist. Using the expressions for
VS(p|d=0), V5(u|d=1), and VM, and working through some algebra, one can

show that the reservation match quality, u*, solves

(1= B)(u" —m)— Bp(1 — F(p*))(E(p | p > p") — p") = 0.

That a single value of u* satisfies this equality can be argued as follows. The term
furthest to the left, (1 — 8)(u* — m), is monotonically increasing in x*. In contrast,
1 — F(p*) is monotonically decreasing in 4*, with a lower limit of zero. Furthermore,
in the usual case, E(u | u > u*)— u* is also monotonically decreasing in 4*, again with

a lower limit of zero.? Therefore, putting these pieces together, the entire term on

>The condition which guarantees that E(u | p > p*) — p° decreases monotonically in u° is log-
concavity of F(:). All of the standard continuous univariate distributions are log-concave. Heckman
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the left-hand side of the equality is monotonically increasing in u*. It is also obvious
upon inspection that for low enough values of u* this terrn will be negative, while for
high enough values it will be positive. Consequently, there exists a unique value of
£° that solves the above equation.

The previous analysis considers the optimal mobility decision of a single worker.
Wthile y® is unique at the individual level, cross-section variation in 8 or p will imply
a non-degenerate distribution of reservation match qualities in the population. In par-
ticular, blacks who discount the future less (higher values of 8) will be more selective
about settling on a “lifetime™ job (i.e., will have higher values of x*). Similarly, higher
offer arrival probabilities (higher values of p) cause workers to be more selective. Such
population heterogeneity in u* seems quite likely. Nevertheless, to keep the presen-
tation simple, the empirical implications of the model are derived below under the
assumption of no heterogeneity. Allowing for heterogeneity does not substantively
alter the predictions of the model. I discuss this extension in the Appendix. Finally,
it is evident from the above expression that u* > m for all # and p. The intuition
for this result is that a black worker could on average earn m per period simply by
changing jobs each time an offer was received. Thus, for a black worker to stay on a
job permanently, it must pay wages in excess of m.

In summary, then, blacks and whites have distinct mobility rules. Whites change
jobs whenever match quality on the current job is less than the match quality of the
new job offer. In contrast, blacks move (given the arrival of a new job opportunity)
whenever match quality on the current job falls below some constant threshold value.
This cutoff value always exceeds the mean of the match quality distribution. These
different mobility rules arise because the quality of a prospective match is completely
unobservable ez ante for blacks, but fully observable for whites. Having determined

the optimal mobility rules, I now turn to their empirical implications.

and Honore (1990) provide an extended discussion on log-concavity and its implications. Note that
E(u|p > p") — p* decreasing monotonically in p* is a sufficient, but not a necessary, condition for
the existence of a unique reservation match quality, u°*.
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1.3.3 Empirical Implications — Whites

Recall that the optimal mobility rule for a white worker is simply to move if the match
quality of a new offer exceeds the match quality of the current job. This mobility rule
has implications for a variety of observable labor market outcomes. I now develop

these implications in detail.

Wages at Entry

For whites, the average wage in the initial period after labor force entry is simply the
expectation of a single draw from the match quality distribution. Thus, the mean

wage at entry for whites is just m.

Measured Returns to Experience and Tenure

Consider the wages of a white worker in period n + 1, or, in other words, with
experience n. Because offers arrive each period with probability p and whites are
always employed on the highest draw received from the time of entry to the present,
the conditional distribution of wages given experience (n) and tenure (r,0< 7 <n)

" F('-”o){Z:.:o .v(n-.)g(pF(wO)) (1 = )"-'(H-l)}
:‘.0 '(n—l)'p (1 - )"-'(IH ‘

Pr(w" < wp|n,7)=

The denominator represents Pr(r | n); it takes the same value for all 7,0<7<n,
reflecting the fact that the highest offer is equally likely to have arrived in any period.
Thus, if 7 other offers in addition to the current job have arrived since entry, the ez
ante probability that the offer which arrived r periods ago (the current job) would
turn out to be the highest is —}=. The numerator, similar in form to the denominator,
is the joint probability Pr(w, T | n), so that the quotient gives the desired conditional
probability.

Given the conditional distribution of wages, the conditional expectation of wages
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is given by

im0 moeiP (1 = p)" (57 )E[max(u, - ., pinr)]

o P (L — P ()

E(w" |n,7)=

Examination of the expression for E(w" | n,7) indicates that conditional expected
wages are only a function of experience and not a function of tenure.!® Wages rise with
experience because the expected number of offers received (np) rises with experience
and the expected value of the maximum draw rises with the number of draws. This
is most obvious in the special case when a single offer is received with certainty in
every period, p = 1. In this case, E(w¥ | n,7) = E[max(uy,...,tns1)]. Here, it
is clear that average wages rise with experience but not tenure. Intuitively, after
already conditioning on the number of draws received, knowing when the highest
draw occurred (tenure) does not alter the prediction about the value of the highest

draw. Thus, in a cross-section, wages rise with experience, but not tenure, for whites.

Wage Growth

Because match quality is known up front and wages on any job are constant through
time, wage growth only occurs with job change for whites. Thus, at all levels of ex-
perience and tenure, white job stayers have zero wage gains. Conversely, job mobility
yields positive returns for whites. In fact, because whites only leave the current job in
response to an even better offer, the theory predicts that job mobility should always
lead to wage growth for whites. Moreover, this prediction holds regardless of the
worker’s experience or tenure.

Investigating the average wage gain for a white mover is somewhat more complex.

10This claim presumes that the worker begins accruing experience immediately upon labor force
entry, regardless of whether or not a job is held at the time of entry. If instead one begins counting
experience from the time that the first job is held, as is done in the empirical section, then in a
cross-section wages actually decline with tenure, after controlling for experience. The reason is that,
in this case, longer tenured workers of a given experience level have on average reccived fewer job
offers.

Anticipating the empirical work, though, it should be pointed out that the hypothesis that I test
is only that blacks have a higher return to tenure than whites. Since the model predicts that blacks
should have a positive return to tenure, the prediction that blacks have a higher return to tenure
than whites holds whether the return to tenure for whites is zero or negative.
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Let W denote the wage on the job that the worker just left, and let u be the value of
the new match that attracted the worker from the previous job. Thus, W is simply
the maximum of all the draws received prior to the most recent draw. Given W, the
expected wage gain from moving is simply E(u | 4 > W)= W. So, for any population
of white movers, the average wage gain is simply E(z | ¢ > W) — W integrated
over the distribution of wages, W, for this population; in other words, the expected
wage gain is Ew(E(u | p > W) — W). Except in very special cases, this expectation
cannot be calculated analytically because of the complexity of the probability density
function for W. Nevertheless, one can say a few things about this expression. F irst,
it is always positive because E(u | p > W) — W is always positive; this just restates
the fact that whites always move from worse to better matches. Second, under { ¢

mild additional assumption that the match quality distribution is log-concave, an

immediate consequence is that d‘m‘ﬂfﬁ,w)'w) < 0. That is, the expected wage gain
from moving declines as the wage on the previous job rises. If instead (as is usual)
one conditions on experience and tenure, but not the wage, then the average wage
gain for white movers should fall with experience but not tenure. This just follows

from the fact that wages rise with experience but not with tenure for whites.

Turnover

Not surprisingly, the simple mobility rule followed by white workers has straightfor-
ward empirical implications for turnover. For any given white worker, the probability
of turnover before the next period is simply the product of the probability that a new
offer arrives in the current period and the probability that the match quality of this
new offer exceeds the current wage. Thus, for a worker earning wage w, the probabil-
ity of turnover is p(1 — F(w)). Several things are clear from this expression. First, the
probability of turnover declines as the wage on the current job increases. In fact, the
probability of turnover is only a (nonlinear) function of the wage; after conditioning
on the wage, turnover should be unrelated to experience and tenure. If, on the other
hand, one conditions on experience and tenure but not on the wage, then the proba-

bility of turnover falls with experience but does not depend on tenure because wages
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rise with experience but not with tenure. Finally, for a cohort of white new entrants
to the labor force, the average frequency of turnover is £, since E[l — F(w)] = } when

the wage, w, is just the outcome of a single draw from the match quality distribution.

Summary of Predictions

Taken as a whole, the model makes the following major predictions for whites.
1. Average wages at entry are m.
2. Wages rise with experience, but not tenure, in a cross-section.
3. Wage growth always accompanies job change.
4. The probability of turnover immediately after entry is £.

5. Not controlling for the wage, the probability of turnover falls with experieuce

but not tenure.

1.3.4 Empirical Implications — Blacks

Having considered the model’s predictions regarding whites, I now analyze the case
of blacks. Recall that the black worker’s optimal mobility rule is a reservation rule: if
the current match quality is less than some cutoff value, x°*, then mobility occurs as
soon as a new offer is received, but if the current match quality exceeds u*, then the
worker never moves. This rule has several implications. For ease of exposition, these
implications are developed in detail only for the case where blacks are paid “piece

rate” wages.!!

1Al of the predictions which are emphasized in the discussion and which are tested in the empir-
ical section hold whether wage contracts are assumed to pay “piece rates” or “wages in advance”.
In general, the empirical iraplications turn out to be very similar for both wage contracting assump-
tions. Discussion of differences in the implications of the two contracting assumptions, where they
arise, is relegated to footnotes.
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Wages at Entry

The wage of a black worker, like a white worker, in the first period after entry is just
the outcome of a single draw from the match quality distribution. In expectation,

this wage is just m, the mean of the match quality distribution.!?

Measured Returns to Experience and Tenure

For blacks, wages rise with tenure, but not with experience, in a cross-section. This
correlation stems from the fact that, for blacks, job tenure is a measure of the proba-
bility that match quality on the current job surpasses the reservation value, u*. Jobs
that do not attain this cutoff value are left at the first opportunity. Since new of-
fers arrive with constant probability independent across periods, the longer a job has
lasted the less likely it is that its match quality falls short of the reservation level.
Moreover, since every move to a new job represents a return to the same initial state
of no information, a black worker’s experience level provides no information about
the probability that the current match exceeds u*, after controlling for tenure. For
this reason, expected wages for a black worker rise with tenure but do not vary with
experience. Demonstrating this claim formally simply requires deriving the condi-
tional expectation of wages given experience (n) and tenure () for an individual

black worker. Letting

1, if no offers have been received since on current job

0, otherwise,

it follows that

Pl'(d= 1 I n"ril‘.) = (l __p)'r'

Prd=0]|n,7pu") = 1-(1-p),
1
E(w?|n,7,p") = Y Pr(d=i|n,7,p")E(w? |n,r,u",d= i)
=0

12If blacks are paid “wages in advance”, then their wage in the initial period after entry is identi-
cally equal to m.
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= (1=p)'m+(1~(1=p))E(p|p>n)

Clearly, E(w® | n, 7, ") rises with tenure but not with experience.'?

Wage Growth

Under the assumption that wage contracts pay piece rates, black job stayers, like
whitee, have zero wage gains. While the strong prediction of zero wage gains with job
change is specific to this form of the wage contract, under no wage contract is there
a strong prediction of wage growth for black job stayers.!® Thus, the possibility of
wage gains for ;ob stayers depends entirely on arbitrary assumptions about the form
of the wage contract.

For black job switchers, the model yields somewhat crisper predictions. Black
movers are a selected sample of those matches revealed to fall short of u*, the reser-
vation match quality. However, unlike whites, who only move to better matches, a
black mover just takes a job drawn at random from the match quality distribution,
F(-). Sometimes these random draws will turn out to be worse than the previous job,
in which case the worker will have a negative wage change. Thus, the model’s clearest
prediction for black movers is that some of them receive negative (non-positive) wage
changes, regardless of experience or tenure.!s

While the model predicts that some black movers will experience wage declines,

13A relevant issue at this point is that E(w® | n, 7), and not E(w? | n,, u*), is the expectation
of interest. If blacks are heterogeneous in u* (because of, say, heterogeneity in discount rates), then
these two expectations will not generally be equal. The eflects of introducing heterogeneity are
considered in the Appendix. The basic conclusion is that the empirical implications of the modei
which are ultimately tested do not change when one allows for heterogeneity.

14If wage contracts pay wages in advance, then black job stayers can experience a one-time wage
change. On average, this wage change will be positive because stayers are composged of two groups:
(i) those who did not receive an offer, stay because they have no alternative, and on average receive
zero wage gains, and (ii) those who did receive & wage offer, stay because the current match exceeds
the cutoff level, and receive wage increases. Still, these wage gains from staying could be quite smali
(if stayers are predominantly of the first type), and, in any case, are a one-time phenomenon.

18This prediction holds when blacks are paid wages in advance as well. In this case, wages on
the new job are always m, but since u* > m, some black movers leave above average matches and
therefore experience wage declines. Even consecutive period movers, who receive m in both periods,
receive zero wage gains. This contrasts sharply with the positive wage changes with job change
which the model predicts for whites.
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on average blacks will have positive returns to mobility. Since each mover is leaving a
job with match quality less than that individual’s reservation match quality in favor
of a randomly drawn job, the expected wage gain for a black mover with reservation
match quality u* is m—E(u | p < p*), which is clearly nonnegative.'® This expression
is not, in general, directly comparable to the expression (derived earlier) for average
wage gains for white movers. Nevertheless, it is not hard to come up with examples
(distributions) where one expects the average wage gain to be smaller for blacks than
for whites. The results of computer simulations also indicate that the average wage
gain for white movers exceeds that of blacks. This is hardly unexpected since the
theory predicts that whites always move to better matches while blacks often do not.
Furthermore, it is clear that the expression for the average wage change with job
change for blacks is not a function of experience or tenure. The intuition for this
result is that, at every experience-tenure combination, jeb change indicates the same

thing—that the old job did not attain the cutoff match quality.

Turnover

The probability of turnover for an individual black worker follows directly from the
mobility rule. In particular, the probability of turnover for a black worker with current

wage w is

p  fw<y’,

0, otherwise.

Thus, as is true for whites, for any single black worker the probability of turnover
is solely a function of the wage (match quality) on the current job, albeit a highly
nonlinear function (specifically, a step function, with a discontinuous drop in the

probability of turnover at w = u*).!” However, it is clear that at entry (tenure =

16If one allows heterogeneity in u®, then for the population of movers the average wage gain is
Eye(m — E(p | p < p*)) which is simply m — E(u | 4 < p*) integrated over the distribution of p*
for movers.

"The result that the quit probability should depend only on the current wage is not unfamiliar
in matching models. See MacDonald (1988).
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experience = 0), the average frequency of turnover among blacks should exceed 2, the
average frequency for whites at entry. For all blacks, 4* > m, but match quality on
the initial job is, on average, only m. Thus, most (in particular, more than half) who
receive offers in the second period (a proportion p of the population) change jobs.
Finally, if one conditions on experience and tenure, but not the wage, the probability
of turnover falls with tenure but not experience, since wages rise with tenure but not

experience.

Summary of Predictions

Taken as a whole, the model makes the following major predictions for blacks.
1. Average wages at entry are m.
2. Wages rise with tenure, but not experience, in a cross-section.
3. Wage declines sometimes accompany job change.
4. The probability of turnover immediately after entry exceeds £.

5. Not controlling for the wage, the probability of turnover falls with tenure but

not experience.

1.3.5 Empirical Implications — Blacks and Whites Together

The two previous sections outline the model’s separate predictions for blacks and
whites. In testing the model, however, 1 examine the predictions in “differenced”
form. For instauce, rather than separately test whether the measured return to
experience is zero for blacks and positive for whites, I simply focus on whether blacks
have a lower measured return to experience than whites. Similarly, I look at the other
predictions in differences. There are at least three justifications for this strategy.
First, to the extent that the model leaves out factors that affect the outcomes of
blacks and whites similarly, looking at the predictions in differenced form will net

out these factors. Of course, if the left out factors affect the two groups differently,
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then differencing will not remove the influence of these factors. Second, retreating
from the extreme assumptions on information (6?5 = 0o and o2, = 0) to the more
general case (0 < oy < 02g = 0o0) would appear to deliver the predictions in
differenced form directly, although the complexity of the problem in the more general
case precludes a full analysis of the comparative static properties.!®

Third, and perhaps most compelling, if one generalizes the model in simple and
natural ways even within the current informational structure, the predictions arise in
differenced form. So far, I have assumed that all job endings result from cptimal mo-
bility decisions. Also, I have assumed that all individuals are alike in their underlying
characteristics, apart from race. It would he natural, however, to allow for the possi-
bility that matches dissolve for exogenous reasons. Likewise, allowing for individual
heterogeneity in the key parameters of the model (discount factors, offer arrival prob-
abilities, match dissolution probabilities) would be a reasonable extension. I explore
the effects of these theoretical extensions in detail in the Appendix. The key finding
is that, in this richer setting, the model’s predictions naturally emerge in differenced
form. The strong predictions derived separately for blacks and whites above depend
on specific assumptions. In contrast, the predictions in differenced form appear to be
robust to (indeed, appear to be the predictions which flow directly from) a variety of
natural extensions of the model.

Having offerred a justification for looking at the predictions of the model in dif-

ferences, a catalog of these predictions now follows:

1. Blacks and whites should earn the same wages at labor force entry.
2. Blacks should have a lower measured return to experience than whites.
3. Blacks should have a higher measured return to job tenure than whites.

4. Blacks should have lower average wage gains with job change than whites.

18If 2 is positive but finite, then the worker's reservation match quality depends on both the
value of the current match and the value of the new offer. However, the greater is o2, the greater is
the worker’s option value from moving. One consequence of this fact is that, given the value of the
current match, higher values of 02 make it more likely that & worker takes a chance on a job that
looks worse than the current job. But this just says that workers with high 2 (blacks) are more
likely to have negative wage changes, which is the current model’s prediction in differenced form.
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5. Negative (non-positive) wage changes with job change should be more common

for blacks than whites.
6. Blacks should turn over more frequently than whites at labor force entry.

7. If one does not control for the wage, the negative effect of experience on turnover

should be weaker for blacks than for whites.

8. If cne does not control for the wage, the negative effect of tenure on turnover

should be stronger for blacks than for whites.

These predictions are examined in the empirical analysis which follows.

1.4 Data and Empirical Analysis

1.4.1 Sample Composition

To test the predictions of the theory, I analyze a data set constructed from the
National Longitudinal Survey of Youth (NLSY). The NLSY contains labor market
panel data, collected on an annual basis, for a sample of 12,686 individuals who were
aged 14-21 on January 1, 1979. The data set that I use spans the period 1979-1988.
For a variety of reasons, the NLSY is a particularly useful data source for examining
the questions suggested by the theory developed in Section 1.3. Recall that the theory
predicts that, at the time of labor force entry, observationally identical blacks and
whites should earn the same wages. Any black-white wage differential should only
emerge over time. Additionally, the theory predicts that blacks and whites should
have different measured returns to experience and tenure. Finally, the model has
implications for wage changes with job mobility. Examining these questions, then,
requires accurate dating of labor force entry, longitudinal data covering the post-entry
period, and reliable measures of experience 24 tenure.

Because the NLSY is a longitudinal data set focused on youth, it is uniquely suited
to addressing these questions. The availability of detailed data on essentially all

jobs that each sample member ever held allows one to date (at least approximately)
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the point of transition to full-time participation in the labor market. This same
information also enabies one to construct more accurate measures of labor market
experience and job tenure than those that are usually available. Both the panel
structure of the data source and the focus on youth are essential. The typical cross-
section data set does not afford the opportunity to examine the strength of a worker’s
labor force attachment at a point in time by retrospective analysis of his past work
history. Furthermore, only a panel that follows individuals from the start of their
work life allows the construction of actual measures of experience and tenure. In
contrast, researchers using cross-sections, or panels other than the NLSY, typically
must use a potential measure of experience (age — education — 6), while reliable
measures of job tenure are often unavailable. Finally, a cross-section data set makes
an analysis of wage changes impossible.

Despite the advantages that the NLSY offers for the present purposes, one still
faces several sample construction decisions in taking the model to the data. First, one
must decide which individuals to include in the analysis. To sharply focus on black-
white differentials, I restrict the sample to black and white males from the civilian
(representative and low-income supplemental) subsamples of the NLSY. The military
sample is dropped both because the available data for this group is more limited
and because these individuals are likely to differ significantly (both in observables
and unobservables) from the rest of the sample. Dropping women from the sample
places attention squarely on racial differences, at the expense of differences by gender.
Gender-based differentials, while significant and much-studied, seem less well-fitted to
the statistical discrimination story. At the least, other theoretical explanations for the
gender differential, usually emphasizing the differential importance of the non-market
sector for men and women, aiready exist. Analogous explanations for wage differen-
tials by race seem less plausible. While one could compare black and white females
to examine racial wage differentials, it still would be necessary to deal with questions
concerning the importance (possibly different across races) of the non-market sector.
To avoid these issues, I focus exclusively on black and white males. Finally, I exclude

Hispanics from the sample, both because a Hispanic could be either black or white,
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and because including Hispanics could conceivably introduce complicating issues of
immigration and language. Making these cuts leaves panel data on 4,632 individuals
from which to fashion a data set.

Given the model’s predictions, it is clear that the empirical analysis should focus
on the initial period of work immediately following labor force entry. While stan-
dard economic theory suggests that this transition to work should be unambiguously
identifiable, the empirical reality is more complex. As a result, one must adopt some
criterion for deciding what constitutes the point of transition to “full-time labor force
participation”. Of course, any such rule for identifying this transition point is, in the
end, arbitrary. Determining the date cf entry only can be done retrospectively, after
observing a “sufficient” amount of continuous “strong” labor force attachment. In

% as working

this study, I define strong labor force attachment in an “interview year™?
in at least half the weeks since the date of the previous interview and averaging at
least 30 hours of work per week in those weeks. The start of the first three consecutive
interview year period of strong labor force aitachment, following at least one observed
interview year in which the individual was not strongly attached to the labor force, is
marked as the date of transition.?® Thus, this criterion rejects individuals who never
had three consecutive interview years of strong attachment during the sample period
(1979-1988). Also rejected are individuals who had strong labor force attachment in
the first year in which they were observed. Members of this latter group are dropped
because there is no way to tell how long this period of strong attachment had been
ongoing.

It should be noted that this sample qﬁaliﬁca.tion rule (i.e., the definition of transi-
tion to full-time labor force participation) tends to eliminate blacks and whites from

the sample for different reasons. Table 1.1 highlights this point. Although blacks and

whites are about equally likely to qualify for the sample, blacks are much more likely

1%An “interview year” is the tim= elapsed between consecutive year interviews.

20Both the definition of strong attachment and the rule for dating full-time transition are identical
to these used by Farber and Gibbons (1891) in their analysis using this same data source. The
authors also present evidence that the make-up of the sample is not highly sensitive to changes in
either the definition of strong attachment or the rule for dating full-time transition, provided that
the changes are not “too large”.
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than whites to be rejected for never having a spell of three consecutive years of strong
attachment. By implication, blacks are much less likely to be disqualified for having
had strong labor force attachment in the first year in which labor market data was
available.?’ While, among NLSY males, whites are very slightly older than blacks
on average, the primary explanation for Table 1.1 is that, especially among youths,
blacks have much lower employment rates than whites (see, for example, Ballen and
Freeman (1986)). Because young blacks have significantly weaker labor force attach-
ment than their white counterparts, the blacks who do qualify for the sample may
be more “exceptional” than the whites, potentially raising issues of sample selection.
If anything, though, by selecting the most exceptional blacks the qualification rule
tends to understate black-white differences. Furthermore, since the qualification rule
only admits individuals with strong employment histories, one can be sure that any
average differences between blacks and whites are not attributable to between-group
differences in the use of “temporary” jobs or in the rate and stability of employment.

These cuts reduce the sample of individuals to its final size of 566 blacks and 1321
whites. In addition, because the empirical implications of the model are strongest
for the early years following labor force entry, I restrict attention to just the first
five years of labor force experience. Thus, the number of observations per sample
individual ranges between three and five. As a result of the definition of transition
to full-time labor force participation, the initial year of data for the individuals who
qualified for the sample ranges between 1980 and 1986. Summary statistics on key

variables for the final sample are presented in Table 1.2.

1.4.2 Estimation Strategy

The approach which I employ to test the model is straightforward. To test the hy-
potheses concerning initial wage levels and the returns to experience and tenure, I
estimate (by OLS in levels and random effects GLS) standard cross-section log wage

equations. The hypotheses about wage change from job mobility are examined in

!n the NLSY, labor market data is first available either in 1979 or in the year that the individual
turns 16 years of age, whichever comes later.
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two ways. First, | estimate log wage change regressions to explain the wage changes
of movers. Second, to investigate the probability of positive wage change with job
change, I estimate logit equations for movers. For both sets of equations, the speci-
fication is derived by taking first differences of the log wage equation. Finally, I test
the model’s turnover predictions by estimating logit equations for the probability of
job change. In all of these equations, the explanatory variables of primary interest
are the black dummy variable and its interactions with experience and job tenure.

In any econometric study using micro data on a cross-section of individuals, the
possible presence of unobservable individual effects becomes an issue. If these unob-
servables are correlated with the explanatory variables, then the estimates obtained
from standard cross-section techniques will not be consistent for the parameters of
interest. A major advantage of panel data is that it offers a solution to this problem.
In a linear regression setting, the well-known solution is to estimate the model in
deviations-from-means form (or some other differenced form). A solution exists for
the logit estimation problem as well, as shown by Chamberlain (1980). In this case,
the remedy is to estimate the parameters of the likelihood function conditional on a
sufficient statistic for the unobservable heterogeneity. Unfortunately, in both of these
settings, the transformed estimation problem does not allow one to obtain estimates
of the parameters on any time-invariant explanatory variables.?? This is a particu-
larly serious deficiency for the present paper, since the coefficient on the black dummy
variable is of major interest. Thus, usual methods for dealing with the unobservable
individual effects are not without drawbacks.

At the same time, it is at least possible that, even in the presence of unobserved
individual effects correlated with the explanatory variables, the coefficients on the key
variables — the black dummy and its interactions — will be estimated consistently

by standard techniques. For instance, consider the cross-section linear regression

23 Actually, for the linear regression problem, Hausman and Taylor (1981) propose identifying
restrictions that allow consistent estimation of the parameters on both the time-varying and the
time-invariant right-hand side variables. The identification strategy relies on there being a sufficient
number of tirne-varying right-hand side variables that are uncorrelated with the individual fixed
effect. It is far from clear, however, what restrictions of this sort could be considered reasonable for
identifying the wage equation.
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equation

Yise = Zijey + XijBy + aij + €ijq

where i indexes the individual, j indexes race (W or B), and t indexes the time-period.
Thus the coefficients on Z are constrained to be the same for whites and blacks while
the coefficients on X can vary across the two groups. The o represent unobserved
fixed effects and the € are well-behaved error terms. Then, one can show that the
difference, fg — Bw, which is what the interaction terms estimate, is consistently
estimated so long as E(aw | Zw,Xw) = E(ap | Z, Xp) and the second moments
of the explanatory variables are the same for blacks and whites. While there is no
guarantee that these conditions hold, they are much weaker than the usual necessary
conditions for parameter consistency (E(a | Z, W) = 0) when unobserved individual
effects are present.

On the other hand, the results from Table 1.1 indicate that the sample qualifi-
cation rule tends to reject blacks and whites for different reasons. This might lead
one to doubt whether E(aw | Zw,Xw) = E(ap | Zp, Xp). For example, suppose
that the generally more tenuous labor force attachment of blacks is, to some extent,
exogenous (e.g., an “environment effect”), but that there is an unobservable indi-
vidual component to labor force attachment. In this case, the sample qualification
rule selects partly on the unobservable individual fixed effect. Furthermore, if one
imposes the same sample qualification rule for blacks and whites, there will tend to
be systematic differences in these unobservable fixed effects across the two groups. As
a result, parameter estimates for the black dummy and/or its interaction terms from
a “levels equation” will be biased. As a specific example, suppose that blacks tend
to have weaker labor force attachment than whites for exogenous reasons, and that,
for both whites and blacks, strong labor force attachment is negatively correlated
with (unobservable) propensity to change jobs. Then, even if (as the theory predicts)
blacks turn over more than whites at labor force entry, the sample selection criteria
will tend to mask this effect by selecting blacks who are on average more “stable”

than whites.
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In summary, then, to the extent that there are unobserved fixed effects correlated
with the explanatory variables, there may be no fully satisfaciory way to obtain
coefficient estimates on the time-invariant variables in the the levels relationships (log
wage regressions and job change logits). Fortunately, the theory makes predictions
about changes (specifically, wage changes with job change) as well as ievels. Because
the wage change specifications are derived from first differences of the cross-section
wage equations, any unobservable fixed individual effect should be eliminated. Thus,
the parameter estimates from the change equations should be consistent whether or

not there are unobservable individual fixed effects in the levels equations.

1.4.3 Results
Wages at Entry and Returns to Experience and Tenure

Regression-based tests of the model’s predictions begin with Table 1.3, which presents
cross-section wage equation estimates using the entire panel. These estimates are in-
tended to provide evidence as to whether (i) observationally equivalent blacks and
whites earn the same wages at entry, and (ii) blacks and whites have different mea-
sured returns to experience and tenure in the direction predicted by the theory. Thus,
the coefficients of primary interest are those associated with tt= black dummy vari-
able and its interactions. I report both OLS estimates for the pooled sample and
random effects GLS estimates.

Table 1.3 shows the estimated coefficients from the cross-section log wage regres-
sions for a variety of different specifications. The specifications differ in how the effect
of race is constrained to enter the equation, with more constrained specifications ap-
pearing first. All of the explanatory variables typically found in wage equations are
included in the specifications, but, for convenience, only the coefficients of major in-
terest from the standpoint of the theory are reported. None of the coefficient estimates
for the other control variables are unusual.

Column 1 shows that blacks earn roughly 6.7 percent less than observationally

equivalent whites when the effect of race is constrained to be a common intercept
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for all education categories. Column 2 allows for different returns to education for
blacks and whites in addition to an intercept effect. The point estimates suggest that
blacks earn a lower return to education than whites although the estimated effect is
not significant at conventional levels. The black dummy, however, remains strongly
significant and of large negative magnitude, indicating that in general blacks earn less
than otherwise similar whites at each education level.

The next two columns allow the estimated return to experience and tenure to
differ for blacks and whites. Since the model developed in Section 1.3 made specific
predictions about such differences, and about the wages at entry for both groups, the
estimates in these columns bear directly on the theory. Column 3 allows different
returns to experience and tenure across racial groups, but constrains the return to
education to be the same for blacks and whites. Column 4 loosens up the specification
in Column 3 by allowing the return to education to vary between blacks and whites.
Both columns tell the same story. First, after allowing blacks and whites to have
different returns to experience and tenure, the black dummy is nowhere near signifi-
cant. Also, in column 4 one cannot reject the joint hypothesis that the black dummy
and the black-education interaction are zero (p-value = .321). Thus, the data cannot
reject the hypothesis that, at labor force entry (experience = tenure = 0), blacks and
whites earn the same wages. This finding agrees with the prediction of the model.

Second, blacks have a dramatically lower measured return to experience than do
whites. This difference is highly significant (p-value = .014 in both columns).?® This
finding also offers support for the theory. On the other hand, focusing on returns
to tenure, blacks and whites do not appear to earn different returns. This finding
opposes the theoretical prediction.

In column 5, random effects GLS estimates of the specification in column 4 are
presented. These estimates assunlle that the error covariance matrix has the classic

random effects form.?* In contrast, the OLS estimates assume that the errors are

23These findings remain if one allows experience to enter the specification quadratically. However,
given the low values of experience for this sample of new entrants, experience and its square are
highly collinear, and including the square term makes the results less stable. For this reason, I only
report the results from the linear specification.

In the case of a balanced panel (N individuals, T observations per individual), the form of
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uncorrelated both across individuals and within individuals over time. If the random
effects assumption is correct, then the estimated standard errors will not be consistent
when estimated by OLS, but will be consistent when estimated by GLS. Inspection
of the estimates in column 5 reveals them to be qualitatively identical to those in
column 4.%

Of course, it is quite possible that the returns to experience and tenure vary
depending on one's educational attainment. For instance, the jobs held by highly
educated workers might tend to offer higher wage growth. If this is true, then the
estimation should not constrain these returns to be the same for all educational levels.
To account for this possibility in a parsimonious way, I run the same regressions tor
the subset of workers with exactly 12 years of education.?® These results are reported
in the last 3 columns of Table 1.3. None of the conclusions from the previous analysis
change. Once one allows for different returns to experience and tenure by race, the
black dummy is again insignificant. The strongly negative and significant black-
experience interaction and the insignificant black-tenure interaction also echo the full
sample findings.

The finding that blacks have lower returns to experience than whites, though
hardly new, deserves comment. Typically, this result is derived from a cross-section

analysis in which years of experience ranges from zero to upwards of 40. In their

the covariance matrix of the stacked (NT x 1) error vector in a random effects setting is Q =
In ® (021t + 02lrly), where o2 is the individual-level variance component, o2 is the idiosyncratic
variance component, and I is a T x 1 vector of ones. The covariance matrix in the unbalanced
panel case is a straightforward extension, but one that defies compact notation.

35The consistency of both the OLS and GLS estimates relies on the individual effects being un-
correlated with the explanatory variables. In contrast, fixed effect estimates will be consistent even
if these individual effects are correlated with the explanatory variables (so long as the individual
effects are not time-varying), but do not yield estimates of the coefficients of time-invariant explana-
tory variables. If one estimates the cross-section log wage equation by fixed eflects methods, and
then performs a Hausman test of the hypothesis that the GLS and fixed effects estimates are the
same, one rejects the null. One interpretation of this rejection is that the orthogonality assumption
is violated, in which case the OLS and GLS estimates are inconsistent. Still, the coefficients on
the black-experience and black-tenure interactions from the fixed effects estimation are qualitatively
identical to those from OLS and GLS: the black-experience interaction is strongly negative, while the
black-tenure interaction is insignificantly different from zero. Thus, the results concerning returns
to experience and tenure appear quite robust.

28Exactly 12 years of education is by far the inost common level of educational attainment in the
sample.
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important work, Smith and Welch (1986, 1989) argue persuasively that results from
such regressions should not be interpreted as evidence that blacks have slower wage
growth than whites as careers unfold. Instead, they claim that the cross-section
findings are merely a statistical illusion; the presence of multiple cohorts in a single
cross-section, coupled with the convergence of black and white carnings in more recent
cohorts, makes it appear as though blacks earn lower returns to experience. Smith
and Welch document this assertion by constructirg synthetic cohorts using decennial
census data from 1940-1980 and observing that, within cohorts, black-white earnings
ratios do not decline with experience.

However, the results found here are not susceptible to this line of criticism, since
the age range of the sample is very narrow. Moreover, the present results agree with
those found in the main previous investigation of black-white earnings differentials
exploiting longitudinal data. Using data from the Panel Study of Income Dynamics,
Hoffman (1979) finds that blacks have slower wage growth than whites over the first
five to ten years of work experience. In a methodologically distinct study, but one
focused on youth, Lazear (1979) also finds that blacks have flatter wage-experience
prcfiles than whites. Even Smith (1989) finds that biack-white earnings ratios declined
with experience for young workers in the 1980’s, and he concludes that, regarding the
question of lower returns to experience for blacks, “the remaining issue of legitimate
debate should concentrate on the first five years of work.” Thus, a significant body
of work suggests that blacks earn a lower return to experience than whites during the
early stages work careers. An additional contribution of the present paper is that it

offers a theoretical explanation for this finding as well.

Wage Changes for Movers

The next two tables investigate wage changes for individuals who change jobs. Recall
that an analysis of wage changes, since it uses tke data in differenced form, eliminates
any unobserved individual fixed effects that might bias the estimates from the levels
equation. Table 1.4 presents estimates of the determinants of the change in the log

real wage between interviews. The specification for the log wage change equation is
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strictly derived as a first-difference of the cross-section log wage specification of Table
1.3. In accordance with the theory, the analysis is restricted to just the sample of
movers. By taking differences, the linear experience term is absorbed by the con-
stant term while the black-experience interaction becomes a black dummy. Since the
sample is restricted to movers, tenure and the black-tenure interaction still enter the
specification, although now in the form of change in tenure variables. Higher tenure
on the previous job implies a lower (possibly negative) value for the change in tenure
variable. All of the other explanatory variables from the levels specification are in-
cluded (in first-differenced form) in the wage change estimations, but I only report
the estimates for the main variables of interest.

Column 1 presents estimates for the full sample of movers. The black dummy is
negative, large in magnitude, and highly significant at conventional levels (p-value =
.025). However, it also appears that, for whites but not for blacks, wage growth with
job change falls as tenure on the previous job increases. Thus, the evidence is very
strong that, at least among movers with low levels of tenure on the previous job, blacks
receive much smaller wage gains than whites. In the sample of movers, however, only
8% of the observations have values of the change in tenure variable smaller than —2,
and only 20% of the observations have values of the change in tenure variable less
than —1. Thus, almost all movers in the sample have very low tenures on the old
job at the time when mobility occurs. Consequently, corsistent with the theory, the
evidence strongly suggests that, in general, black movers receive smaller wage gains
than whites. Moreover, there is no evidence that wage gains with job change for
blacks vary with tenure on the old job (p-value = .379). This, too, agrees with the
theory. The finding that wage gains with job change fall with tenure on the old job for
whites does not follow directly from the theory. However, the theory does predict that
these wage gains will fall as experience rises. Thus, one possible explanation of this
finding for whites is that the change in tenure variable is correlated with experience
(since tenure and experience are correlated), and that the change in tenure variable is
picking up the experience effect. On the whole, the evidence in support of the model

is quite strong in Table 1.4. The results when the sample is restricted to those with
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exactly a high school degree (column 2) are qualitatively identical; the black dummy
loses some significance but is not insignificant at conventional levels (p-value = .073).

Of course, the strongest prediction of the model concerning wage change with job
change is that such wage changes should be negative (non-positive) for blacks more
frequently than for whites. To test this hypothesis, I estimate, for the sample of
movers, logit equations in which the dependent variable takes the value 1 if the wage
change is positive, and zero otherwise. The explanatory variables are identical to
those used in the log wage change equation. The estimation results are available in
Table 1.5. Column 1 shows that, for the full sample (all education categories), blacks
do appear more likely to have wage declines with job change (p-value = .080). The
results are stronger in column 2, where the sample is restricted to individuals with
exactly 12 years of education; the estimated coefficient on the black dummy more than
doubles in magnitude and becomes highly significant (p-value = .015). Analogous to
the results from Table 1.4, the point estimates suggest that higher tenure on the
previous job reduces the probability of positive wage change for whites but not for
blacks, although even for whites these results are only borderline significant. However,
since “high” tenure on the previous job is quite rare in the sample of movers, the
evidence is again quite strong that blacks are generally less likely to have real wage
gains with job change than whites. This finding agrees with the model’s predictions.
Furthermore, to the extent that the tenure effects are not significantly different from
zero, the lack of an effect of tenure on the probability of wage gain with job change
is also supportive of the theory. The estimates indicate that, for workers who change
jobs in between survey years but are the same in all other observables (job tenure,
industry and occupational affiliation, union status, part-time status, marital status)
in both survey years, blacks are 5 to 11 percent more likely than whites to experience

real wage declines.

Probability of Turnover and the Effects of Experience and Tenure

Finally, I examine the model’s predictions about different mobility patterns of blacks

and whites. Recall that the model has three implications regarding turnover. First,
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at least at labor force entry, blacks should be more mobile than whites. Second, if one
does not control for the wage, the negative effect of experiznce on turnover should be
weaker for blacks than for whites. Third, if one does not control for the wage, the
negative effect of tenure on turnover should be stronger for blacks than for whites.

Table 1.6 shows the relationship between tenure on the current job and the prob-
ability that the worker has left this job by the next interview. It is clear that for
both blacks and whites the probability of turnover declines markedly with tenure.
This finding is well-known and a large body of work has attempted to determine
how much of this apparent negative duration dependence is structural (resulting, say,
from investment in specific human capital) and how much is spurious (induced by
“mover-stayer heterogeneity”). The effect of tenure that the current model proposes
is distinc from both of these stories. In the present model, tenure is negatively cor-
related with turnover, for blacks only, because it is an indicator of whether the job
exceeds the cutoff match quality. Thus, the present model cannot explain the very
strong tenure effects found for both blacks and whites in Table 1.6. In the estimations
presented in Table 1.7, I allow for a very unconstrained effect of tenure, by contrelling
for tenure with a series of dummy variables corresponding to the tenure categories in
Table 1.6. By imposing little structure on the shape of the tenure effect, I hope to
minimize the chance of bias which might result from a too restrictive specification of
the tenure effect if tenure is a proxy for unobserved heterogeneity and is correlated
with other explanatory variables.

Table 1.7 presents estimates of probability of job change logit equations. In con-
trast to the wage estimations, categorical education is used rather than linear educa-
tion because it fits the data better. The first three columns focus on the full sample,
with race allowed to enter in progressively less constrained ways moving from left to

‘right. From the point of view of testing the model, the third column is of primary
interest; the first two columns are provided merely for the sake of comparison. The
results indicate that, contrary to the theoretical prediction, blacks are not more prone
than whites to change jobs at the time of labor force entry. In column 1, one can

come nowhere close to rejecting the hypothesis that blacks and whites are equally
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likely to change jobs upon joining the full-time labor force. In contrast, in columns
2 and 3, one can overwhelmingly reject the joint hypothesis that, for all education
categories, blacks and whites have the same turnover frequency at entry. However,
the point estimates suggest that, at least among some educational categories, blacks
turn over less frequently than whites. While these results are at odds with the theory,
they confirm the finding of Blau and Kahn (1981). The results concerning the effect
of experience are more favorable for the model. In column 3, the black-experience
interaction is positive and statistically significant. The estimated coefficients for the
sequence of tenure dummies (not reported) indicate a strong negative effect of tenure,
consistent with the raw frequency data in Table 1.6. However, the effect of tenure on
the probability of turnover does not appear to differ between blacks and whites.

Of course, as with the cross-section log wage equations, it could be that experience
and tenure affect the probability of job change differently for different education
categories. To investigate this possibility in a tractable manner, I narrow the focus to
those with exactly a high school degree in columns 4 and 5. Once again, the results
are qualitatively identical to those for the full sample. On the whole, the analysis of
turnover patterns yields at best mixed evidence for the theory.

Apart from the predictions of the theory, Table 1.7 contains one other rather
striking correlation. While turnover propensity falls markedly with educational at-
tainment for whites, the hypothesis that turnover propensity is the same across all
educational categories for blacks comes nowhere close to being rejected. While the
theory developed above offers no insight about this last finding, it is nonetheless

provocative and merits further investigation.?”

#This finding would be consistent with a version of the “connections” story of statistical discrim-
ination in which whites are able to use education as a connections network but blacks are not. Of
course, the model in this paper does not address this issue, and no corroborating evidence for this
story is provided.
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1.5 Conclusion

Most models of discrimination offer few, if any, easily testable predictions. As a
result, very little of the voluminous literature on black-white earnings differences has
been aimed at testing the models. In contrast, this essay developed an empirically
testable model of statistical discrimination, and confronted the model with data from

the NLSY. A number of the model’s predictions received strong confirmation.

1. Blacks and whites do not earn significantly different wages at the time of labor

force entry.
" Blacks Lave a lower measured return to labor market experience than whites.
3. Blacks receive smaller average wage gains with job change than whites.

4. Blacks are more likely to experience real wage declines with job change than

whites.

5. The probability of turnover falls more slowly with experience for blacks than

for whites (in fact, it rises with experience for blacks).
A few predictions, however, are not borne out by the data.
1. Blacks do not have higher measured returns to job tenure than whites.

2. Blacks are not more likely than whites to change jobs at the time of entry to

the labor force.

3. The probability of turnover does not appear to fall more rapidly with tenure

for blacks than for whites.

On the whole, then, a majority of the evidence is consistent with the theoretical
model. Moreover, although the present model cannot account for the full range of
findings, it does account for certain features of the data which alternative models
fail to explain. For instance, in a standard tastes model of discrimination, one would

expect to observe a black-white wage gap even among new entrants (although it might
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grow with experience). Similarly, a wage differential should exist at entry in static
statistical discrimination models. However, in the data analyzed here, there is no
evidence of a wage differential among new entrants; rather, the wage gap develops
only as time in the labor force accrues.

Lazear (1979) proposes a modified tastes theory in which antidiscrimination laws
prevent employers from paying blacks and whites different wages at entry. As a resuit,
employers exercise their taste for discrimination by providing less cn-the-job training
to black workers, with the result that blacks experience slower wage growth over time.
This story would appear to be consistent with the findings reported above. However,
Lazear’s theory suggests that blacks should have lower within-job wage growth than
whites. The model of the present paper made no robust predictions about within-
job wage growth, but this question can be examined by estimating log wage change
regressions on the sample of job stayers. The results from such estimation, presented
in Table 1.4a, show no strong evidence that blacks suffer slower within-job ‘'wage
growth than whites, in contrast to what the modified tastes model would predict.?®
Finally, while the model of the present paper cannot successfully account for the
turnover patterns in the data, none of the other theories that have been articulated
shed any light on turnover behavior at all.

In short, many of the predictions of the model developed here receive support
in the data. Given the difficulty that alternative theories face in trying to explain
even these findings, the overall results seem to provide some measure of support for
the (dynamic) statistical discrimination model. However, since the evidence does not
support all of the mode!’s predictions, a more definitive conclusion must await further

work.

#8The estimated coefficient on the black dummy from this regression is small (-.012) and not
statistically significant. The black dummy is the only relevant coefficient because, for a sample of
stayers, the change in tenure is equal to the change in experience, and both are absorbed by the
constant term. Combined with the results from Table 1.4, the evidence suggests that black movers
experience smaller wage gains than white movers, but that there is no such difference for stayers.
Loprest (1990) observes the same pattern of wage growth differences for men and women using a
similar data set from the NLSY.



On the empirical side, this additional work might include spelling out more clearly
what mechanism underlies the statistical discrimination assumption, and devising
tests of the proposed mechanism. For example, this essay cites two rationales for the
statistical discrimination assumption from the discrimination literature. The first one
emphasized the role of “connections” and the different frequency with which blacks
and whites use these personal referrals to find jobs. Assuming that a referral provides
up front information about a match, the connections story suggests that blacks who
get jobs by referral should have labor force outcomes more similar to whites than
blacks who get jobs through other means. The second rationale for the statistical
discrimination assumption emphasized “communication”. Specifically, the statistical
discrimination assumption was justified by noting that, first, most employers are
white, and second, “miscommunication” is more likely to occur between members of
different groups. This story suggests that blacks who work for black employers should
have predictably different patterns of labor force outcomnes than blacks who work for
white employers. In principle, then, the implications of both stories can be examined
empirically, so that a direct test of the statistical discrimination model should be
possible. Actually carrying out the analysis, though, will require labor market data
beyond what is available in the standard sources.?®

The work can be extended on the theoretical side as well. Indeed, a richer model
might be capable of explaining the full range of findings reported in Section 1.4. For
instance, consider a model in which a worker can allocate time to work, job search,
and investment in specific human capital. Work generates output and information
about the quality of the current match. Job search generates new offers. Investment
raises the value of the current match. Such a model represents a melding of the ideas
contained in two influential papers by Jovanovic (1979a, 1973b). In this setting, if
black workers have less initia! information about the quality of a match, then it seems
probable that initially they will spend most of their time working to learn about match

quality. But, if blacks allocate less time than whites to both search and investment

2The NLSY has limited data on job finding method, but an effort to use this data te examine
the connections story yielded only miniscule samples.
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early on, then there is no longer any reason to expect that blackg will have higher
returns to tenure or higher probability of turnover immediately after entry. Thus,
reasonable extensions of the present model could perhaps account for the findings
that currently appear anomalous.

In summary, the present work represents only the first attempt at testing the
statistical discrimination model. The results, while not unanimously supportive, are
fairly consistent with many of the theoretical predictions. Moreover, there is no coher-
ent alternative explanation for all of the findings. This suggests that the informational
disadvantage posited by the statistical discrimination model — that good matches
are less apparent ez ante for blacks than whites — is a likely part of the explanation
for the different labor market outcomes of blacks and whites in the early stages of
work careers. While it is perhaps unlikely that any single model is the true explana-
tion for all of the differences in the labor market outcomes of blacks and whites, it
seems clear that subsequent work on discrimination, “statistical” or otherwise, should

concentrate on developing testable models and subjecting them to empirical scrutiny.

56



Appendix

This appendix considers two generalizations of the model developed in Section 1.3.
First, the possibility of exogenous job endings (e.g., permanent layofls) is introduced.
Second, the effects of population heterogeneity in the basic parameters of the model
(discount factors, offer arrival probabilities, job death probabilities) are considered.

The possibility of job death is modelled as a constant, exogenous probability, ¢,
in each period, independent across periods. The possibility that jobs can die reduces
any worker’s expected present discounted value of lifetime earnings because there is
no longer any guarantee that a good match, once located, will last forever. Still, the
possibility of job death does not alter the mobility rule of a white worker at all. For a
white worker, it is still optimal to move to any match which is better than the current
match.

Similarly, for blacks the decision rule remains a reservation rule. The reservation
rule is derived from the value functions describing the payoff from each possible
decision. A worker’s action in any period can be classified into one of three categories:
(1) stay on current job, aithough other job offers have been received (and rejected)
while on the current job, (2) stay on current job, although no other job offers have
been received while on the current job, and (3) move to a new job. By assumption, a
worker who has rejected a previous offer while on the current job will never leave the
current job voluntarily. Also by assumption, a worker will never voluntarily move to
unemployment from employment. Letting d be an indicator for whether a new job
offer has ever been received while on the current job, the value functions for each of

these three decisions are given by

Vild=1) = p+B{pgV™ +(1-p)gV¥ + (1 - q)V5(u | d = 1)},
Viuld=0) = p+B{pgV™ +(1-p)gV’ + (1 - p)(1 - q)V5(u | d = 0)
+p(1 - g)max(V3(u | d = 1),VM)},
VM = u+B{paV™ + (1 = p)gVY + (1 = p)(1 — QE(VS(u | d = 0))
+p(1 - Q)E(max(V:(u | d = 1),VM))},
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where
ppVM
1-B(1-p)

After a lot of algebra, one finds that the reservation match quality, x*, is implicitly

defined by

VW=8{pV™+(1-pVY) =

(1=B(1 = g))(p" —m) - Bp(1 — )1 — F(u"))(E(p | p > u°) — p°) = 0.

If one chooses g = 0, this equation reduces to the same formula derived in Section 1.3
under the assumption that there are no exogenous job deaths. One can see that as q
increases, u° decreases. Workers become less selective about settling on a job as the
probability of job death rises because they realize that, in expectation, they will reap
the rewards from any match for a shorter period of time. Still, p* > m, because the
worker could earn m on average (in the periods of employment) simply by changing
jobs at every opportunity. Thus, a job must pay more than m to entice a worker to
stay with it.

While the decision rules are essentially unchanged, the empirical predictions now
arise only in differenced form. For instance, both groups now have positive returns
to tenure because, for both blacks and whites, jobs that have lasted a long time
tend to be good matches that have been spared exogenous termination. Similarly,
both groups now sometimes experience wage declines with job change because some
job change results from involuntary displacement from good matches. It is not im-
mediately apparent from this discussion what the relative magnitude of the effects
for blacks and whites are. However, extensive computer simulations indicate that the
empirical predictions that flow from this augmented model are exactly the differenced
predictions discussed in Section 1.3.

The simulations were performed by generating artificial “5-year® work histories
for a sample of 1000 “blacks” and 1000 “whites”. For the “blacks”, match quality

was assumed to be unobservable ez ante, and voluntary job mobility was enforced as
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specified by the optimal mobility rule for blacks. For the “whites”, match quality was
assumed to be perfectly observable ez ante, and voluntary job mobility was enforced
as required by the optimal mobility rule for whites. Both groups were assumed to
draw matches at random from the same Normal distribution. After specifying values
for the parameters 8 (the discount factor), p (the offer arrival probability), and ¢ (the

job death probability), artificial work histories were created as follows:

1. A series of random draws from the assumed match quality distribution was

generated for every individual in every period.

2. A series of random Bernoulli trials (with “success” probabilities p and ¢) was
generated in every period to determine whether an individual actually received

a new offer and/or lost his current job.
3. Voluntary job mobility was enforced as specified by the optimal mobility rules.

Heterogeneity was incorporated by allowing variation across individuals in the values
of B, p, and ¢q. The distributions describing the heterogeneity were assumed to be
the same for blacks and whites. Two population distributions were considered for the
parameter B. The first “distribution” was degenerate: all individuals were assumed
to have 8 = 0.9. The second distribution for # was assumed to be a truncated Normal
distribution — specifically a Normal distribution with expectation 0.9 and standard
deviation 0.1, doubly truncated so that all realizations lie in the interval (0,1). This
truncated distribution has a modal discount factor of 0.9, with 92 percent of the
population having a discount factor in excess of 0.75.

Three distributions were considered for both of the parameters p and ¢. For p,
one choice of the distribution was p = 0.8 for all individuals. A second choice was
p = 0.5 for all individuals. The final choice was a two mass point distribution with
p = 0.8 with probability 3, and p = 0.5 probability 1. The distributions which were
considered for ¢ were similar. One choice of the distribution of was ¢ = 0 for all
individuals. A second choice was ¢ = 0.3 for all individuals. The final choice was a

two mass point distribution with ¢ = 0 with probability }, and ¢ = 0.3 probability 1.
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Table 1.1: Effect of Sample Qualification Rule

Blacks Whites
Initial Population: 1451 3181
Proportion Qualified: 390 415
Proportion Rejected: Working in First Year .196 .304

Never Made Full-Time Entry  .414 .281

The first row of the table indicates the total number of black and white
males in the NLSY. Individuals can be rejected from the sample either
because they were “primarily working” (worked in over half of the weeks
and averaged 30 or more hours in those weeks) in the first year in which
data was available or because they never made the transition to full-
time participation in the labor force during the sample period (never had
three consecutive sample years in which they were “primarily working™).



Table 1.2: Summary Statistics

Blacks Whites

“Entry Year: 1980 134 167

1981 .106 124

1982 .143 .169

1983 131 141

1984 170 146

1985 A7 144

1986 .145 110

Education: < 12 years .276 .209

12 years 424 363

13-15 years 205 187

> 16 years .095 241

Married .187 .302

Occupation: Prof/Mgmt 123 244

Sales/Clerical  .136 .146

Craftsmen .136 .195

Operatives 394 311

Service 211 104

Wages Set by Collective Bargaining 278 142
Experience (Months) 3396 34.26
(16.94) (16.95)

Job Tenure (Months) 18.26  18.66
(15.24) (15.36)

Real Hourly Wage 6.19 7.10
(3.07) (3.85)

408 375

Job Change Frequency

Summary statistics are derived from the pooled time-se1ies cross-section
of observations in the final sample from the NLSY. As a result, the
summary statistics reflect multiple observations for each individual. For
those variables that are not binary, standard deviations appear in paren-

theses.
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Table 1.3: Cross-Section Log Wage Equations

All Education Levels

Exactly 12 Years Education

OLS OLS OLS OLS GLS OLS OLS GLS
education  .0531  .0544  .0530 0543 .0650
(:0022) (.0024) (.0022) (.0024) (.0035)
experience .0437 0437 0489  .0489  .0482 0519 0596  .0962
(:0039) (.0039) (.0045) (.0045) (.0052)  (.0062) (.0071) (.0078)
tenure 0209  .0298  .0304 .0301 .0180 0234 0241  .0127
(:0037) (.0037) (.0044) (.0044) (.0043)  (.0057) (.0068) (.0068)
black -0668 -.0646 -.0139 -.0123 .0242 -.0862 -.0162  .0422
(:0106) (.0107) (.0208) (.0208) (.0226)  (.0166) (.0315) (.0349)
blacks -.0061 -.0058  -.0046
education (.0043) (.0043) (.0070)
blacke -0175 -0176 -.0231 -0229  -.0338
experience (:0071) (.0071) (.0059) (.0107)  (.0090)
blacks -0023  -.0017 -.0040 -0031  -.0004
tenure (.0079) (.0079) (.0079) (.0120) (.0119)
R? 3532 3534 3539  .3541 2617 2699 2715 2357
N 7986 7986 7986 7986 7986 3038 3038 3038

Data is from the NLSY, 1979-1988. The dependent variable is the log of the real hourly wage.
The education variable is: completed years of education—12. Thus, the black dummy measures
the mean wage difference between black and white new entrants with 12 years of education.
Other regressors, which are not reported, are (1-digit) industry end occupation dummies, a
dummy for marital status, a dummy for whether wages are set by collective bargaining, a
dummy for whether the individual works part-time hours on the job, year dummies, a dummy
indicating whether the respondent is from the Supplemental (“poverty”) Civilian Sample of
the NLSY, and a constant term. Standard errors are in parentheses. The GLS estimates are
derived under the assumption that the within-individual error covariance structure has the
standard random effects (two error component) form.
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Table 1.4: Log Wage Change Equations for Movers

All Education Levels Exactly 12 Years Education

constant .1049 .1024
(.0125) (.0205)
change in tenure .0352 .0390
(.0114) (.0179)
black -.0479 -.0588
(.0213) (.0328)
blacke -.0199 -.0422
change in tenure (.0205) (.0311)
R? 1041 .1652
N 2262 837

Data is from the NLSY, 1979-1988. The estimated equation is derived
by first-differencing the levels specification in Table 1.3, and restrict-
ing the sample to job changers only. The dependent variable is the
change in the log real hourly wage. The change in linear experience is
absorbed by the constant term; the change in linear tenure is simply
tenure; —tenure;_;, 2o that higher values of this variable correspond to
lower tenure on the previous job. Other regressors, which are not re-
ported, are a constant term and first differences of the following dummy
variables: (1-digit) industry and occupation dummies, 2 dummy for
marital status, a dummy for whether wages are set by collective bar-
gaining, a dummy for whether the individual works part-time hours on
the job, and year dummies. Standard errors are in parentheses.
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Table 1.4a: Log Wage Change Equations for Stayers

All Education Levels Exactly 12 Years Education

constant 0741 0708
(-0058) (.0090)
black -0117 -.0121
(.0098) (.0151)
R? 0115 0173
N 3752 1475

Data is from the NLSY, 1979-1988. The estimated equation is
derived by first-differencing the leveis specification in Table 1.3,
and restricting the sample to job stayers only. The dependent
variable is the change in the log reai houriy wage. The change in
linear experience and the change in linear tenure (which are the
same for job stayers) are both absorbed by the constant term.
Other regressors, which are not reported, are a constant term
and first differences of the following dummy variables: (1-digit)
industry and occupation dummies, a dummy for marital status,
a dummy for whether wages are set by collective bargaining, a
dummy for whether the individual works part-time hours on the
job, and year dummies. Standard errors are in parcntheses.
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Table 1.5: Logit Estimates for Probability of Wage Gain with Job Change

All Education Levels Exactly 12 Years Education

constant 5209 8347

(.0637) (.1128)
change in tenure 0977 1424

(.0578) (.0969)
black -.1905 -.4321

(-10886) (-1778)
black+ -.0271 -.1334
change in tenure (.1028) (-1671)
log L -1419.6 -506.9
N 2262 837

Data is from the NLSY, 1979-1988. The dependent variable takes the
value 1 if the change in the real hourly wage is positive, and zero
otherwise. The included explanatory variables are the same as in Teble
1.4; see the note following Table 1.4 for a full explanation. Standard
errors are in parentheses.
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Table 1.8: Current Job Tenure and the Probability of Moving from Current Job

Blacks Whites
Tenure Category Proportion Total in Proportion  Total in
(in Months) Movers Category Movers Category
0-3 .684 272 .644 669
3-6 536 248 493 594
6-9 .508 254 438 578
9-12 .390 292 .382 757
12-18 .381 236 .363 562
18 - 24 253 237 .267 671
24-30 .245 139 223 291
30 - 36 .278 144 .230 370
36 - 42 241 79 .186 183
42-48 .154 78 .203 202
48 + .303 89 179 234
Total .408 2068 375 5111

Data is from the NLSY, 1979-1988. Each cell represents the propoction
of individuals in the corresponding tenure category at the interview in
year t who leave the current job by the time of the year ¢ + 1 interview.
Because an observation is a person-year, and not a person-job, long jobs
show up multiple times in the table. For this same reason, there is no
reason why the “Total in Category” must decline monotonically as tenure
increases,
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Table 1.7: Logit Estimates for Probability of Moving from Current Job

All Education Levels Exactly 12 Years Education

< 12 yrs ed 3271 4686  .4654
(.0672) (.0829) (.0827)

13-15yrsed  .1353  .1812  .1801 i
(.0709) (.0855) (.0853) -

>16yrsed  -3899 -.3930  -.4000 '
(0774) (.0864) (.0863) -
experience 0692 0698  .0202 0470 -.0137 )
(0252) (.0252) (.0289)  (.0409) (.0478)
black .0144  .1096  -.0958 1424 -.2840
(.0666) (.0951) (.3870)  (.1077) (.5838) -
blacks -4103  -.4067 .
(< 12 yrs ed) (.1409) (.1421) '
blacke ..1384  -.1358
(13-15 yrs ed) (.1527) (.1539) ¥
blacks 1833 .1895
(> 16 yrs ed) (.1960) (.1980}
blacks 1464 1911
experience (.0508) (.0786)
log L 43856 -4379.7 -43705  -1701.9 -1693.3 )
N 7179 7179 T179 2787 2787 ¥

Data is from the NLSY, 1979-1988. The dependent variable equals 1 if the
individual’s most recent job at the time of the next interview is different from
the most recent job at the time of the current interview, and zero otherwise;
quits are not distinguished from other job mobility (e.g., layoffs). The ef-
fect of tenure on the probability of turnover is controlled for by a series of
dummy variables corresponding to the tenure categories in Table 1.6. Other
explanatory variables, which are not reported, are a marital status dummy,
year dummies, and a dummy indicating whether the reapondent is from the
Supplemental (“poverty”) Civilian Sample of the NLSY, and a constant term.
Standard errors are in parentheses.
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Chapter 2

Uncertain Returns to Education

and Multiple Transitions from

School to Work

2.1 Introduction

Peopie attend school early in the life cycle. While school attendance at the earliest
ages is compulsory, voluntary attendance beyond the required minimum level still
occurs mainly among the young. Life cycle models of earnings and human capital
accumulation, in which schooling is viewed as an investment that increases future
earnings power, predict just such a pattern. But, in fact, the standard life cycle
model makes an even stronger prediction: the period in which a worker devotes all of
her time to acquiring human capital (namely, full-time schooling) should occur only
at the start of the working life!. An implication of this basic model, then, is that
for any worker the transition from school to work should be unique and well-defined.
While an interim period during which an individual both attends school and works in
the labor market is not inconsistent with the theory, the life cycle model does predict

that individuals who have made a long-term break with formal schooling should not

1See Weiss (1986) for a aurvey of the theoretical literature on life cycle earnings, and for a
discussion of this implication of the model in particular.
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return.

In view of this strong implication of the life cycle model, it is somewhat surprising
that the time pattern of school enrollment and the transition from school to work
has not been the subject of much empirical investigation in labor economics. If the
actual patterns are substantially at odds with those predicted by the simple life cycle
model, it then might be worthwhile to explore generalizations of the basic model.
Although Weiss (1986) notes that “outside the scope of the model there are poten-
tial causes for delayed investment [in schooling] such as changing market conditions,
unknown ability (tastes) and borrowing constraints”, there has been very little de-
velopment of these themes in the literature.? Of course, distinguishing between these
possible explanations would be desirable since they presumably have different policy
implications.

This essay provides both an empirical and theoretical analysis of school enrollment
behavior. In the next section, I review the small amount of existing evidence on school
to work transitions, and then I present new evidence from the Naticnal Longitudinal
Survey of Youth (NLSY). It turns out that re-enrollment in school after a significant
break from schooling, though not the typical pattern, is far from rare. Furthermore,
among individuals who return to school after such a break, the distribution of edu-
cational attainments prior to re-enrollment is quite spread out; thus, the individuals
who return to school are not all, say, high school dropouts. Finally, among individuals
in school, those who previously have taken an extended break from school differ from
those who have not both in their progress in school (i.e., grade advancement) and in
their employment status.

After documenting the basic phenomenon, I develop some models which can ex-
plain it in Section 2.3. One, perhaps the léading, explanation for an enrollment
pattern marked by interruption is borrowing constraints. Thus, I analyze several
variants of the borrowing constraints model and determine their empirical implica-

tions. However, even in a world with no borrowing constraints, one might observe

?Manski (1989) and Altonji (1991) both intreduce uncertainty into the educational choice prob-
lem, but neither focuses on uncertainty as a possible explanation for re-enroliment in school after
an extended break from schooling.
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school interruption and re-enrollment. In particular, I show that a richer life cy-
cle model, in which individuals are initially uncertain about various determinants of
their labor market productivity but learn about these characteristics through work
experience, can generate re-enrollment in school after extended interruption in school
attendance as optimal behavior.

The basic idea in the model is that some jobs have higher educational requirements
than others, so that additional education enlarges the pool of occupations available
to an individual. Jobs that require more education pay more on average, but, ez ante,
individuals are uncertain about the return to further education for two reasons. First,
individuals are unsure whether they have the requisite ability to successfully complete
the next level of schooling. In addition, individuals do not know how well-suited they
are to either the occupations that are accessible given their current education or the
occupations that additional education (if successfully completed) will make available,
before actually working in these occupations.® Thus, individuals are uncertain both
about whether they can complete additicnal education and about what benefits suc-
cessful completion of further education will yield. In this setting, those who are likely
to succeed in further schooling find it optimal to continue in school uninterrupted, but
those with only a low probability of success at the next level of school optimally leave
school and begin work in the sector requiring only low education. As a by product of
work, each member of this latter group learns the quality of the match with the low
education sector. For those who discover that the match is poor, it might be optimal
to reconsider the exit from school and attempt further education, even though the
probability of successfully completing this additional education is relatively low.

Section 2.4 returns to the NLSY data to evaluate the models. The general strategy
is to see whether the data can be explained by a pure borrowing constraints model of
school interruption and re-enrollment, or whether there exists evidence for learning-
induced re-enrollment as well. 1 begin with an informal look at responses to survey

questions on reason for school exit and desired level of education, and follow this with

3For example, a worker’s productivity may have an occupation-specific component that is only
revealed after working in that occupation. See Miller (1984) and McCail (1920) for medels of this

type.
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tests of the models derived directly from the theory. Section 2.5 concludes.

2.2 The Transition from School to Work

2.2.1 Previous Work

Not much evidence exists on the transition from school to work, but what evidence
there is suggests that the transition is more complex than the life cycle modsl would
predict. Coleman (1984) finds substantial differences between the distribution of “age
at first exit from full-time education” and the distribution of “age at first full-time
job after last full-time education™.* Both concepts represent possible definitions for
the date of transition from school to work, and it is clear that “transition™ under the
second definition always occurs at least as late as does “transition” under the first
definition. If individuals immediately took up full-time work upon leaving school, and
never returned to school thereafter, the date of transition would be the same under
either definition.

In fact, the empirical distribution of age at transition looks quite different under
the two alternative definitions. In particular, for the median individual in Coleman'’s
sample, the first exit from full-time education occurs nearly one year before the start
of the first full-time job after last full-time education. At higher percentiles of the
distribution (i.e., individuals for whom the transition from school to work occurs
much later than average), the first full-time job after last full-time education begins
more than two years after the the first exit from full-time education. These find-
ings, while highly suggestive, do not unequivocally establish the importance of achool
re-enrollment, however, since other phenomena (for example, significant periods of
nonemployment between the exit from school and the start of full-time work) could
account for the difference.

Meyer and Wise (1982, 1984) and Manski and Wise (1983) also consider the

transition from school to work. However, in none of these works is the pattern of

*Coleman defines “first exit from full-time education™ as the start of the first out of school spell
lasting 16 months or more.
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transition the primary focus of the analysis. Meyer and Wise are mainly interested
in the effect of work experience while in high school on subsequent labor market
performance, while Manski and Wise are interested in the decision to apply to, attend,
and complete college. Nevertheless, their work provides evidence of more complex
school enrollment histories than would be predicted by the standard life cycle model.?

Table 2.1 reproduces Table 3.6 from Manski and Wise. Each 5-digit sequence
describes a possible schooling sequence over the period 1972-76, with the digit furthest
to the left corresponding to 1972, the digit second from the left corresponding to
1973, and so forth up to the digit furthest right which corresponds to 1976. For
each digit in the sequence, a “1” indicates that the individual was “in school full-
time” in the first week of October of the appropriate year, while a “0" indicates
that this was not the case. The simple life cycle model suggests that a zero should
always be followed by an uninterrupted string of zeros. In fact, for a substantial
minority of the sample — 24% — this is not the case, and this understates the number
of individuals who eventually return to school, since undoubtedly some individuals
returned for the first time only after 1976. This data is not ideal for identifying
long spells of non-enrollment, however, since it only refers to school status in the
first week of October in each year. It is possible that an individual was essentially
steadily in school, but happened not to be in school in one October, thus creating the
appearance of a break. On the other hand, it is also possible that some individuals who
actually had significant breaks from school were nevertheless in school in consecutive
Octobers so that they appear to have been continuously enrolled. Obviously, one
needs retrospective data on school attendance over the entire year to obt.in convincing

evidence on the frequency of extended interruptions in school enrollment.

SIndeed, in their concluding chapter, Manski and Wise suggest examination of the determinants
of these “nontraditional” enrollment patterns as a topic for future research. Other work which
finds that re-enrollment in school after an extended interruption is not uncommon includes Griliches
(1980) and Marcus (1986).
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2.2.2 Evidence from the NLSY

Detailed evidence on school-to-work transition patterns can be obtained from the
National Longitudinal Survey of Youth (NLSY). The NLSY is an annual survey of
12,686 youths who were between the ages of 14 and 21 on January 1, 1979. It is com-
posed of three subsamples: a civilian sample representative of the youth population
in the United States, a supplementary civilian sample of poor and minority youths,
and a sample of youths in the military. I have data through the 1988 interview, and
I follow each individual until the end of the sample period or the first noninterview
year, if one occurs.® In all of the empirical analysis in this paper, I limit the sample to
males from the civilian subsamples. The military sample is discarded both on theo-
retical grounds (members of the military sami)le are likely to differ significantly from
those in the civilian sample, in both observable and unobservable dimensions) and on
practical grounds (the military sample is followed for a shorter time and asked fewer
questions than the civilian sample). Women are dropped from the sample be.cause,
at least over this sample period, it is quite plausible that the primary forces behind
interruption and re-enrollment were different for women and men.”

As a starting point, I follow Manski and Wise and create binary sequences rep-
resenting the school enrollment history of each individual in the sample. Since my
interesi is in the frequency of re-enrollment in school for individuals who have been
out of school for a “significant” period of time, I restrict attention to the enrollment
history of individuals after their first lengthy break from school. In particular, the
variable I use to construct schooling histories, and as an indicator of an extended

interruption in schooling, is whether the respondent has ever been in school since the

8Over the full sample period, 1979-88, nearly 80% of the sample never missed an interview.

"For instance, there was a dramatic secular increase in women’s college enrollment over the sample
period (see Clotfelter, et. al., (1991) for details). This upward surge in women's college enrollment
probably represents a permanent upward shift in the steady state level of college enrollment among
women. At the same time, it is probable that part of this total increase in college enrollment was
accounted for by increased re-enrollment after interruption among women. If this is the case, then
much of the re-enrollment among women over the sample period represents a transitory phenomenon
caused by the shift in steady states. In contrast, the theory of interruption and re-enrollment
presented below is a theory of behavior in steady state. Thus, in testing the theory, it makes sense
to use data on men's enrollment, which was much more stable over the sample period.
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previous year’s interview. Thus, a zero indicates that the individual has been out
of school continuously since the last interview. Since consecutive NLSY interviews
usually occur at roughly twelve month intervals, it is approximately correct to think
of the period between interviews as one year. For the set of individuals for whom I
ever observe a zero, | am interested in how many of them eventually re-enter school.
There is perhaps some deficiency in my measure of being in school, since it does not
distinguish very brief returns to school from those of longer duration. However, very
brief periods in school, if classified as full-time enrollment by the respondent, are also
counted by the variable used by Manski and Wise. Moreover, even very brief returns
to school after a significant break in school attendance run counter to the predictions
of the basic life cycle model. In any case, any drawback of the variable that I use
is outweighed by the fact that it unambiguously identifies long periods away from
school.

Because different individuals leave school for the first time at different times,
and because I stop following individuals after their first noninterview year (if one
occurs), the length of the enroliment history after the first exit from school varies
across individuals. Tables 2.2a and 2.2b show the frequency of the various possible
enrollment histories after the initial exit from school for those individuals who I
continue to observe for 3, 4, 5, and 6 or more years, respectively. Each of these

histories begins with a zero, which marks the first extended break in school attendance

8The average period between interviews in the full sample is 55 weeks, and for 90% of the obser-
vations the time between interviews is at least 48 weeks. However, for about 1% of the observatione,
the elapsed time between interviews is 40 or fewer weeks. Still, the percentage of observations with
spells between interviews of much less than a year is very small. More importantly, for individuals
who have never been in school since the previous interview, the elapsed time since the last interview
must understate the time since school exit, possibly by as much as one year. Thus, non-enrollment for
the entire period between interviews can reasonably be taken as evidence of an extended interruption
in enrollment.

It should be noted that the definition of extended interruption used here is not the only possible
one. Beginning with the 1981 interview, data was collected on enrollment status in every month
since the previous interview, allowing (beginning in this year) for the creation of monthly enrollment
histories and identification of all breaks in enrollment of any arbitrary length. For instance, if one
wished to define extended interruption as all breaks of six months or more, one could select all such
periods. Constructing the monthly enrollment history would be very involved, however, and it is
not obvious that alternative definitions of “extended interruption” in schooling are superior, for the
present purposes, to the simple definition used above.
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in the data. If the life cycle model were strictly correct, the only history that one
would observe would be a string of zeros. While this is by far the most common
pattern, a significant number of individuals eventually re-enroll in school: 16.3%
of those observed for 3 years, 22.9% of those observed for 4 years, 20.9% of those
observed for 5 years, and 22.1% of those observed for 6 or more years.?

Table 2.3 summarizes the frequency of re-enrollment in school after a long interrup-
tion somewhat more concisely. The columns represent the total number of remaining
years in the sample starting with the first year in which the individual reports that
he was never in school since the last interview.!® The column marked “0” indicates
that the respondent was continuously in school up through the final interview. The
column marked “1” indicates that the respondent’s first year completely out of schcol
since the previous interview was his last year in the sample. The column marked “2”
indicates that the respondent’s first year completely out of school since the previous
interview was his second to last year in the sample, and so on. The rows indicate
the number of consecutive survey years in which the individual was never in school
before returning to school. Thus, the row marked “1” indicates that the respondent
had one survey year in which he was never in school since the previous interview
before returning some time in the next survey year.!! The row marked “2” indicates
that the respondent had two consecutive survey years in which he was never in school
since the previous interview before returning in the next year, and so on.

As before, one sees that a substantial minority of the sample returns to school
after a lengthy spell away from school. By construction, only individuals who make
a break with school, and do so before their final year in the sample, can be observed
to return to school.? There are 4,716 such individuals in the sample and 1,120 of

them, or 23.7%, re-enroll within the remaining sample period. As one would expect,

®The percentage for the individuals observed for 6 or more years is the number who return to
school within the first six years after and including the first interview year in which the respondent
was never in school since the last interview.

1°For the first survey year, 1979, the beginning of the time period obviously is not the date of the
previous interview, but is instead January 1, 1978.

"'Thus, this row corresponds to all individuals who have a schooling history after initial school
exit beginning with “01”.

'2This corresponds to the columns marked 2 through 10 in Table 2.3.
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the proportion of individuals who have returned to school sometime after their initial
exit generally rises as the number of available years after the initial exit rises. For
instance, for individuals who are observed for only one year beyond the initial exit year
(the column marked “2”) the percentage who return to school during the remaining
sample period is 14.7%. On the other hand, for respondents who are observed for
eight years after the initial exit year (the column marked “9”) the percentage who go
back to school sometime during the remaining sample period is 30.2%. It may seem
somewhat surprising, then, that the percentage of respondents who are observed for
nine years after the initial year with no school (the column marked “10”) that go
back to school is only 22.6%. However, this column represents individuals who, ir
the 1979 interview, reported that they had never been in school since January 1, 1978.
In fact, many had not been in school since long before January 1, 1978. Thus, the
lower frequency of school re-enroliment in this column suggests that individuals who
do not return to school “soon” after leaving are much less likely to ever re-enroll.

Having established that re-enrollment in school after an extended interruption is
far from rare, a natural next step is to examine the characteristics of the individuals
who do re-enroll. Indeed, the characteristics of these individuals might suggest an
explanation for the re-enroilment phenomenon. Table 2.4 considers the time until
return to school after a gap of at least one interview year by racial group. The
numbers are very similar for all three groups, and a x? test of independence does not
reject at conventional levels of significance (p-value = 0.286).

Table 2.5 presents the distribution of educational attainments for three distinct
groups. The first column shows the distribution of highest grade completed at the
time of exit from school for individuals who leave school and never re-enter school
during the sample period. The second column shows the distribution of highest grade
completed at the time of first ezit from school for individuals who leave school during
the sample period but who return to school later in the sample period. Finally, the
third column shows the distribution of highest grade completed at the end of the
sample period for the same group of individuals as in the second column.

Several interesting findings emerge from the table. First, individuals who return to
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school after a significant period away come from all parts of the education distribution.
Indeed, the distribution of educational attainments prior to returning to school for
those who do return (Column 2) looks quite similar to the distribution for those who
leave school and do not return during the sample period (Column 1), although a y?
test of independence rejects the hypothesis that the distributions are the same at
virtually any level of significance (p-value = 0). Those who re-enroll are somewhat
more likely to be just short of a high school diploma (11 years of education) or have
some college but less than a bachelor’s degree (13-15 years of education) than those
who do not return to school. In contrast, in comparison to those who re-enroll, those
who never re-enroll are a bit more likely to have completed only the tenth grade or
less, or have exactly a high school diploma. The large number of returners who have
less than a high school degree (over 30% of all returners) suggests that borrowing
constraints may not be the entire explanation for the re-enrollment phenomenon.!?
Finally, comparing the second and third columns, one sees that by the end of the
sample period the individuals who re-enroll augment their education by nearly a full
year, on average.

Table 2.6 examines the progress that individuals make through school, for the
sample of observations (person-years) in which the individual reports having been
enrolled in school since the last interview. The table shows the rate of progress (the
proportion of observations with grade advance) separately by various categories of
prior educational attainment and by whether or not the individual had previously
had an extended interruption in schooling. The clear finding is that, conditional on
enrollment in school during the survey year, individuals who have previously had
a long interruption in schooling are much less likely to actually advance in school
than those who have had no such interruption. This result holds at all levels of

prior educational attainment, with the difference in percentage who advance ranging

13This is not to suggest that financial constraints must be the primary explanation for the break
in schooling for those who have completed high school when the break occurs. However, borrowing
constraints are more likely to hamper a student who wishes to enroll in college, since post-secondary
education often requires a significant tuition payment. In contrast, because the only cost of attending
a public secondary school is the student’s opportunity wage, borrowing constraints should only
prevent secondary school enrollment for students from the most underprivileged backgrounds.
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between 19% and 41%. For instance, for those who already had exactly a high school
degree at the time of the previous interview, the percentage of person-years with
grade advance, conditional on school enrollment during the survey year, is 71% for
individuals who have been continuously enrolled in school (i.e., enrolied in every
previous year during the sample) but only 30% for individuals who have had a long
interruption in school. Regardless of whether there has been a previous break in
schooling, though, the probability of grade advance given school enrollment is highest
for those with less than a high school degree and lowest for those with exactly a
college degree. The results are qualitatively similar, although the percentages with
grade advance are somewhat higher, if one restricts the sample to those who attended
school in at least nine of the months since the previous interview.

Table 2.7 examines how an individual’s employment experience in a given inter-
view year varies with prior educational attainment and the enrollment history. Em-
ployment is measured by weeks worked and average hours per week since the previous
year’s interview. Comparing the rows of the table, one sees that higher educational
attainment is associated with working both more weeks and more hours.!* For my
purposes, though, it is more interesting to compare the columns in the table. Each
of the three column pairs considers employment behavior for a different group: the
lefthand columns look at individuals enrolled in school sometime since the last inter-
view who have never had an extended interruption in schooling; the center columns
focus on individuals enrolled in school during the survey year who previously have
had an extended interruption in their schooling; and the rightmost columns examine
individuals who were never enrolled in school during the survey year. Individuals
enrolled in school during the survey year who had no previous interruptions in school
enrollment clearly have the weakest attachment to work, while those who are never
enrolled during the survey year have the strongest work attachment. Those who are
enrolled in school during the survey year, but who previously had a break in their

schooling, fall in between. This is true both for weeks worked since the last inter-

14Undoubtedly this simple correlation partly represents a true effect of education and partly merely
reflects the fact that older youths, who work more, also tend to have completed more education.
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view and for average weekly hours. The employment behavior of individuals enrolled
during the survey year but with prior breaks in enrollment bears most similarity to
the employment experience of the continuously enrolled at lower levels of educational
attainment.

To summarize, then, the actual pattern of school enrollment differs substantially
from the stark prediction of standard models of educational choice. Re-enrollment.
in school after a lengthy interruption, though not typical, is far from rare; nearly
one-quarter of a sample of civilian males from the NLSY follow this pattern during
the sample period. A richer model of educational choice is needed to account for such
behavior. In addition, several other features stand out in the data: the re-enrollment
hazard rate appears to decline as the length of the interruption increases; individuals
who re-enroll come from all across the educational spectrum; those who re-enroll make
slower progress in school after returning than individuals who have never left school;
and those who re-enroll after an interruption have stronger attachments to work than
those who have been continuously enrolled but weaker attachments than those who
are not enrolled in school at all. In short, the phenomenon of school re-enroliment
after significant breaks in attendance is clearly observable in the data. The following

section considers some models that can account for re-enrollment behavior.

2.3 Some Models of School Re-enrcllment

As was noted in the introduction, several possible explanations for the re-enrollment
phenomenon exist. The most obvious explanation is borrowing constraints. Indeed,
there is a widespread belief that financial constraints are 2 significant impediment
to optimal human capital investmert, and a variety of government programs offering
need-based financial assistance for education have been created to address this con-
cern. In a borrowing constraints model, some individuals do not have sufficient access
to capital markets to finance as much education as they desire. When the constraint
binds, these individuals are forced to leave school. Presumably, these individuals vill

begin work, but some of them might wish to return to school at a later date. In
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particular, some might find it worthwhile to build up savings from which to finance
additional education in the future. Re-enrollment occurs when enough income to fi-
nance the additional educational investment has been save.. In addition, there is no
reason why an individual must be permanently constrained in the credit market. If
borrowing constraints ease at a later date, then re-enrollment after an extended break
from school could occur even if the individual had accumulated no savings for this
purpose. Thus, it is easy to see how borrowing constraints could lead te the complex
school enrollment patterns that are observed in the data.

In the borrowing constraints story, some people are forced to leave school earlier
than they would absent the constraint. Individuals who eventually re-enroll come
from the constrained group. However, in principle, one can explain re-enrollment
without appealing to borrowing constraints. Suppose instead that individuals have
only imperfect information about the appropriate level of education at the time that
they initially must decide between further school and work, but that additional infor-
mation arrives ez post. Clearly, for those who choose work and only later discover that
additional education is worthwhile, one could observe the pattern of interruption and
subsequent re-enrollment. The key element in this story is that some determinants
of schooling — ability, tastes, etc. — are not fully known to an individual initially,
but are learned over time. I develop a simple model along these lines Lelow and trace

out its empirical implications.

2.3.1 A Learning Model of School Re-enrollment

Consider a2 model in which there are two ability levels, two education levels, and
two sectors (occupations). Individuals are either of low ability or high ability, 5 €
{nL,nu}. Similarly, there are two levels of education, S € {S.,Sy}. Only high
ability individuals can successfully complete the requirements for education level Sy,
but ability is not known with certainty when the decision to pursue further education
is made. Rather, individuals have only a prior probability (which varies across the
population), p, that they are of high ability. Ability is only revealed for certain as part

of the educational process; successful completion of the requirements for Sy indicates
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an ability level of ny. Finally, there are two sectors, A and B. Sector A requires
workers with high education and therefore employs only high ability workers.!® Sector
B has no such requirement.

In either sector, (net) wages are the sum of a general (sector-specific) component
and a component specific to the match between the individual and the sector. The
general component, Y;(S), j € {A, B}, describes how education is related to pro-
ductivity in sector j. The match component, 8;;, captures idiosyncratic factors that
affect the value of the match between sector and individual. For instance, 6;; might
represent unique skills that affect the productivity of person i (at alil firms) in sector
J, or it might represent how person ¢ values the nonwage attributes of employment in
sector j. Neither workers nor employers observe 6;; untii individual i works in sector
J- In the population, I assume that (for j = A, B) 6,; is continuously distributed on
the interval [6;,8;] with E(6;;) = 0. I also assume that 6;; and 0, are independent
for all ¢ # k, and that ;4 and 0, are independent for all i. Given this structure, and

a competitive labor market, wages for person 1 in sector j are given by
wi; = YJ(S) +0|'j1 JE {AaB}’ Vi,

Individuals seek to maximize the expected present discounted value of lifetime
(net) wages. The discount factor is 3, and to simplify the analysis I assume that
individuals are infinitely lived. I also assume that 8(Y4(Sy) + 04) > Ya(Su) + 0s.
This assumption is sufficient to guarantee the following two results. First, if ability
were known to be high ez ante, obtaining education level Sy and working in the
high-education sector would maximize lifetime earnings for all realizations of (84, 05).
Second, once Sy has been earned, there are no realizations of (64,0p) for which it is

worthwhile to move from the high-education sector to the low-education sector.'®

%0ne poassible justification for this assumption could be that sector A requires labor with spe-
cialized skills th.. can be acquired only through higher education. Alternatively, one could turn
the story around and suppose that sector A requires high ability workers and as a result only hires
workers with high education. This scenario would rely on production in sector A being highly sen-
sitive to the ability of the labor input, with education serving as the screening device for identifying
high ability workers.

16 Actually, the first result requires that B(Ya(Su)+04) > Yp(SL) + 0g, while the second result
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With this background, the school enrollment decision simply becomes a two period
decision problem where, in each period, the individual chooses between school or work
as lifetime earnings maximization requires. Ia the first period, individuals decide
between work in the low-education sector or school, given their prior beliefs about
ability. Individuals who choose school learn their ability with certainty; those who
discover they are of high ability succeed in school and go on to work in the high-
education sector, while those who are not successful in school are of low ability and
are relegated to the low-education sector. Individuals who choose to work in the low-
education sector in the first period learn the quality of the match between their skills
and tastes, on the one hand, and the characteristics of jobs in the sector on the other.
These individuals now face the enrollment decision again, this time with information
about their “fit” in the low-education sector in addition to their (unchanged) prior
beliefs about their ability to successfully complete additional education. Thus, it is
new information about the quality of the match with the low-education sector that
might generate re-enrollment. Those who choose school proceed exactly as those who
chose school in the first period, while those who again choose employment in the
low-education sector remain there permanently.

I am now ready to derive optimal school enrollment behavior. To reduce the nota-
tional burden, I drop the individual (i) subscripts on the 8 and p terms, but it should
be understood that these terms take on different values for different individuals.!? For
compactness, I also denote Yj(Sk) by Y. It is easiest to solve for optimal behavior by
beginning with the second period problem. In the second period, the only individuals

who face a true decision problem are those who worked in the first period. Within this

requires that Y4(Su)+04 > Yp(Su)+0p. Provided that Yp(Sy) > Ya(SL), the single assumption
made in the paper ensures that both of these conditions hold. This assumption simplifies the analysis
greatly because, as is described below, it reduces the individual’s choice problem to a simple two
period enrollment decision. Witkout an assumption that guarantees that highly educated individuals
never move to the low education sector, the decision problem becomes much more complex. In
particular, individuals who pursue high education and succeed still would be faced with a choice
between sectors after learning their sector-specific match qualities. Thus, without the assumption,
the model would allow for “back and forth” transitions between sectors (occupations) that do not
occur in the simple version of the model analyzed here. However, even in this more complicated
setting, the predictions of the learning model that I derive below would still hold.
7In principle, the discount factor 8 can also vary across individuals.
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group, an individual who chooses to work in the low-education sector in the second
period will stay in that sector permanently because no additional information ever

arrives. Since p is known, the valye of choosing work in the second period, VY, is

Assuming that the incremental schooling is completed in one “period”, the expected

value of choosing school in the second period, V5, is

v;? = Eelan + BUOA) + 800 = p)(Vis + 05) _ BpYun + B(1 = p)(¥i 4 0)
=B y

An individual chooses school jp the second period if V¥ > V¥ (and if work was
chosen in the first period). This condition can be rearranged to yield the condition

for enrollment in the second period

Bp
0 < (m) Yan - Yay,

which can be expressed equivalently as

(1= 8)(YaL + 05)
P B(Yan — (YaL + 6))°

For an individual who optimally chooses work in the first period, re-enrollment is
more likely as p increases (the individual’s likelihood of success in school increases)
and as fg decreases (the individual’s match with sector B worsens). In addition,
re-enrollment is more likely as g increases, as Yan increases, and as Y. decreases.
Now consider the first period decision problem. The valye function for school, V3,

p(Yan + 0,4) + (1 ~p)(Var + 05)) _ B(pYan + (1 ‘P)YBL).

S _
|—ﬂE0A.03( l—ﬂ 1-ﬂ
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The value function for work, V¥, is
V¥ = YaL + E(08) + BEsy(max(V5, V3)) = Yo + BEsy(max(Vy, 1))
From the analysis of the second period school enrollment decision, V;° > V) if

Bp -
9 < (m) Yau - YeL = X.

Using the definition of X and letting Fp(-) denote the distribution function for g,

one can rewrite V¥ as

1-8
(1= Fp(X))(YaL + E(65 | 68 > X))).

V¥ = Yau+ (i) (Fa(X)(BpYas + B(1 — p)(YaL + E(65 | 65 < X)) +

Now, the individual chooses school in the first period if V5 > V¥. Using the expres-

sions for V;S and V,%, one finds

1=V’ -W) = (1-BFa(X))(BpYan — (1 — B(1 - p))YaL) —

B f." 04Fa0) - 1~ ) [ 0dFs(0)

= (1-BFp(X))(BpYan — (1 - B(1 — p))YpL) +
B~ B(1~p) [ 64Fa(6).
ép

Using the definition of X and rearranging gives

(1=’ -w")
(1-8(1-p))

X
= (1-BFa(X))X +8 /2ﬂ 8dFs(6)

X - ﬂ/x(x — 6)dFg(0).
9
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Thus, the individual attends school in the first period if and only if
b's
X -8 j (X — 6)dFg(6) > 0.
(7]

The inequality is not satisfied for X < 8p, but does hold for X > 0. Furthermore,
the derivative of the function cn the left-hand side of the above inequality with respect
to X is unambiguously positive. Thus, this function is monotonically increasing in
X. Together, these results imply that there is a unique value of X in the interval
(22,3;), call it X*, such that

- x. [ ]
X —ﬂ_/h (X* - 8)dFg(0) = 0.

Clearly, X* is a constant and its value is determined by the discount factor, 8, and
the distribution of match qualities in the low education sector, Fg(8). Given X",
the individual enrolls in school in the first period if and only if X > X*. Using the
definition of X, and rearranging (noting that X is monotonically increasing in p), one

finds that an individual enrolls in school in the first period if and only if

(1-8)(YsL + X*)
B(Yan — (YL + X*))

p>

This condition is analogous to the second period enrollment condition, except that
X", which depends on the distribution of 8, is substituted for the actual realization
of dp, which is only learned after the first period (if the individual works in the
first period). Comparing the conditions for enrollment in the twe periods, it is clear
that the probability of success in school required to make enrollment worthwhile is
lower in the second period than in the first period if the realization of 0p is less
than X*. Thus, re-enrollment can occur for any individual who works in the first
period and learns that p < X*. In fact, the three possible enrollment patterns
— seek Sy immediately after completing Sy, (Pattern 1), seek Sy but only with an

interruption after completing Sy (Pattern 2), never seek Sy (Pattern 3) — depend
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on the parameters in a straightforward manner.

S (1=8)YeL+ X")
P B(Yan — (Yo + X°))'

Pattern 1:

(1=8)(YsL+ X") Sp> (1 = B)YsL +08)
B(Yar — (Yor + X*)) ~ P~ B(Yan — (Yor + 05))

Pattern 2:

(1=p)Yout X)) 0 (1= 8)(Vas +0s)

Pattern 3: p< B(Yan — (Yo + X°)) B(Yan — (YaL + 08))’

Before considering the empirical implications of the model, it might be instructive
to consider an example. Suppose 8p ~ U[—3,3]. In this case, X* € (—1,3), and is
defined by the equation

x.
X" =-8] (X°-6)dd=0.
/4

Carrying out the integration yields

X X1
X'—ﬂ(T+—2-+§)=0.

Since the equation is quadratic, it has two roots, but only the solution involving the

negative root lies in the interval (-1, ). This solution is
w1 (VB-(-p)
2 B )

Suppose now that § = 0.9, Yy = 6.4, and Yz, = 4.8. Substituting for 3 gives
X* = 0.26. Substituting for 8, Yan, YaL, and X* in the expression for the “critical
value” of p in the first period, one finds that F(‘)%:;%\:!ﬁ = 0.419. Thus, in the
first period, only individuals who have a prior probability that they are of high ability
of at least 0.419 enroll in school. All others choose to work in the low-education sector,
and learn their specific values of fp in the process. After learning 8p, these individuals
reconsider the enrollment decision in light of the additional information. The table

below gives “critical values” for p in the second period, for various realizations of 5.
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0 (1-8)(Yer+05)

B(Yan—-(YpL+0p))

0.25 0.415
0.00 0.333
—-0.25 0.273
—0.50 0.298

If 65 > 0.26 the individual does not return to school because, for re-enrollment to be
worthwhile in this case, p would have to exceed 0.419 and then the decision to work in
the first period would have been inconsistent with maximization of expected lifetime
earnings. In constrast, if 85 < 0.26, then re-enrollment is possible. An individual
whose match with the low-education sector is only of average quality (6 = 0) re-
enrells if p > 0.333, which is lower than the first period cutoff probability of 0.419.
Thus, some of these individuals (those with 0.333 < p < 0.419) choose to re-enroll. As
the quality of the match in the low-education sector worsens, the lower the probability
that just makes re-enrollment worthwhile becomes. Intuitively, individuals require a
higher probability of success in school in the first period because choosing work in the
low-education sector has an option value: if the match turns out to be poor, they can
return to school, while on the other hand, if the match is good, they reap the benefits
of gaining this knowledge early. After working in the first period, though, the quality
of the match with the low-education sector is revealed, and those with insufficiently
good matches, given their probability of success in further school, choose to re-enroll.

The learning model has two key implications that can be examined with data
from the NLSY. First, at any given level of school, the model predicts that those who
re-enroll in school after an interruption should have a lower probability of “success”
than those who attend school continuously, since interruptions in enrollment depend
precisely on this probabiiity. The preliminary data analysis in Table 2.6, though only
a simple tabulation, appears consistent with this view. Since the NLSY contains de-
tailed data on time spent in school and at work, one can test this prediction rigorously
by examining the independent effect of previous interruptions in attendance on the
probability of grade advance in the current year, after controlling for grade level of

current enrollment, time spent at work and in school, and other background factors.
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The second prediction concerns the determinants of re-enrollment for those who
have left school. Conditional on ability (or, more precisely, the probability of being of
high ability, p), the model predicts that those who re-enroll are more poorly matched
to the low-education sector (have low 6g) than those who do not return to school.
Thus, the model predicts that workers with unexpectedly low wages conditicnal on
measures of ability and individual and job characteristics should be more likely to
re-enroll in school. Since the NLSY contains a wealth of job characteristics data, oae

can test the hypothesis using this data as well.

2.3.2 A Borrowing Constraints Model of Re-enrollment

The learning model considered above delivers several empirical predictions related to
school re-enrollment. However, finding support for these predictions in the data would
be evidence for the learning model of re-enrollment only if a borrowing constraints
model does not share these predictions. Thus, I now develop a borrowing constraints
model of school re-enrollment.

I preserve nearly all of the basic setup from the learning model. There remain two
ability levels (n € {nL,nx}), two education levels (S € {SL,Sy}), and two sectors
(A and B). As before, only high ability individuals are capable of obtaining high
education. Also as before, sector A hires only individuals with high education, while
sector B is not selective. Wages for person i in sector j again reflect general and

idiosyncratic components
wi; = Y;(S)+6,;, j€{A,B}, Vi

The idiosyncratic components (8) follow the same distribution in the population as
before. I also continue to assume that B(Ya(Sy) + 04) > Ys(Sy) + 0p. Finally,
individuals pursue the same objective, the maximization of present discounted lifetime
(net) wages, as in the learning model.

Now suppose, however, that individuals have no uncertainty about their academic

ability or about their match quality in the two sectors; thus, each individual i knows



7i, 04, and 0;p before undertaking the educational program leading to Sy and before
working in either sector. Under this assumption, learning is no longer an issue and,
in the absence of borrowing constraints, extended interruptions in school enrollment
would never be observed. But suppose that only a proportion ¢ of the high ability
individuals can finance high education immediately.’® Thus, a proportion 1 — ¢ of
high ability individuals face borrowing constraints and must initially work in the
low-education sector B (since sector A has a minimum educational requirement).
Since the learning model developed above did not focus on time until re-enrollment,
I will not pursue this issue in the borrowing constraints model. Instead, I consider
this question in an Appendix, where I develop alternative learning and borrowing
constraints models and explicitly consider their implications for the time pattern of
re-enrollment. Returning to the present model, it is clear that a constrained high
ability individual will re-enroll in school as soon as the constraints stop binding.
Moreover, those who re-enroll in school are exclusively high ability individuals who
were previously constrained. This completely summarizes re-enrollment behavior in
the borrowing constraints model.

The empirical implications of the borrowing constraints model are straightforward.
First, the borrowing constraints model predicts that past interruptions should have ne
independent effect on the probability of grade advancement given current enrollment,
after controlling for education level and actual time spent at work and in school.
This follows because all individuals who re-enroll in school are of high ability. As a
practical matter, the controls for time spent at school and at work are important,
since an individual facing borrowing constraints is likely to spend more time at work
(to finance education) and less at school. But, after conditioning on time use, the
constraints model does not predict that past interruptions should be correlated with
grade advancement upon re-enrollment. In contrast, if past interruptions indicate
lower probability of success conditional on current enrollment, as the learning model

predicts, then a negative correlation is expected.

18For instance, one might think of S; as representing high school education, which can be obtained
at no direct monetary expense, and S; as representing (costly) college education.
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Second, in the borrowing constraints model developed above, all high ability indi-
viduals who are financially constrained re-enroll at their first opportunity. In particu-
lar, unlike in the learning model, those who re-enroll are not those with unexpectedly
low wages (poor matches) in the low education sector. Thus, re-enrollment should
not be concentrated among those with unexpectedly low wages after controlling for
individual and job characteristics. This prediction contrasts with that of the learning
model, where re-enrollment occurs among those who learn that the match with the
low-education sector is poor.

While the above predictions are clear, it is important to determine whether they
are robust to different formulations of the borrowing constraints model. Thus, con-
sider the following alternative model. Suppose that instead of simply having access
to credit or not, different individuals are able to borrow at different rates. If an in-
dividual is only able to borrow at a very high rate, he might find it worthwhile to
interrupt school, go to work, and delay additional education until it can be financed
through savings, rather than borrow and attend school continuously. Suppose further
that there are a continuum of abilities and that the marginal return to obtaining high
education increases with ability,’® but now assume that there is no sectoral match
component to earnings. In this setting, only individuals of sufficiently high ability,
and consequently with a high marginal return to education, borrow and attend school
continuously. In constrast, borrowing-constrained individuals of lesser ability prefer
to follow the interruption and re-enrollment route. Thus, unlike in the borrowing
consiraints model presented above, in this version re-enrollment, after interruption
indicates lower ability.

However, despite this difference, the two predictions from the first borrowing con-
straints model are largely unchanged, and remain distinct from those of the learning
model. First, because there is no uncertainty about ability, it is still true that only
individuals of high enough ability to succeed in further education re-enroll. Thus,

a previous interruption in enrollment should not reduce the probability of grade ad-

19Thus, now both education and ability are arguments of the earnings function, and the gain in
earnings from obtaining high education increases with ability.
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vance upon re-enrollment. Second, among those who have left school with a given
level of previously completed education, those who eventually re-enroll after an inter-
ruption are of higher ability than those who never return to school, since the optimal
amount of education is increasing in ability. If ability has a direct positive effect
on earnings, but is unobserved by the econometrician, then unexpectedly low wages
given individual and job characteristics — indicative of low unobserved ability —
should be associated with a lower probability of re-enrollment. In constrast, if the
researcher can measure true ability, there should be no relationship between the wage
and the probability of re-enrollment, after already conditioning on individual and job
characteristics including ability. However, even this prediction differs from that of the
learning model, in which wages should be negatively correlated with the re-enrollment
probability, even after controlling for personal and job characteristics. Finally, notice
that the simple argument that low wage workers, because they have low opportunity
costs of attending school, should be more likely to re-enroll is implicitly a learning
story; in the absence of learning (and borrowing constraints), no worker, regardless
of his wage, ever returns to school because a fully informed worker would never leave
school prematurely in the first place. Thus, there appear to be testable differences in
the implications of the learning and borrowing constraints models. I examine these

predictions empirically in the next section.

2.4 Empirical Analysis

2.4.1 Some Tabulations of Survey Responses

Before attempting the statistical tests outlined in the previous section, I perform some
simple tabulations of NLSY survey responses to questions on the reason for school
exit and desired educational attainment. Table 2.8 considers self-reported reasons for
the most recent exit from school, separately by future re-enrollment behavior. The
sample is constructed so that each exit from school is counted exactly ence. Thus,

for individuals who are never enrolled in school for several years in succession, only
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the first survey year out of school is included in the sample. Multiple observations on
the same individual indicate multiple spells in school separated by interruptions in
enrollment. The far left column lists the different reasons for exit from school, while
the next three columns break the sample up by re-enrollment behavior. The left-hand
column isolates those exits from school that are followed by re-enrollment sometime
in the next survey year. The middle column identifies exits from school followed by
at least one full survey year out of school before subsequent re-enrollment. The right-
hand column represents those exits from school that are not followed by re-enrollment
at any time during the remaining sample period. A priori, it seems plausible that
individuals who re-enroll after leaving school because of “financial difficulties” were
borrowing constrained. On the other hand, those who leave school because they
“don’t like school™ or “lack ability” and subsequently re-enroll seem like candidates
for the learning model.

Turning to the numbers, the row percentages allow one to see how future re-
enroliment behavior varies by reason for school exit, while the column percentages
show how the distribution of reason for school exit differs by future re-enrollment
class. Looking at the row percentages, one sees that individuals who leave school for
“financial difficulties” or “other reasons” are more likely to return to school than those
who leave school for different reasons, presumably because a larger fraction of these
individuals initially leave school with less than their desired education. Individuals
who leave school because they “completed courses”, “don’t like school”, or because
of “home responsibilities” are less likely to ever return to school. Looking at the
middle column and now focusing on the column percentages, just 11% of those who
re-enroll after a lengthy interruption claim to have left school becanse they “don’t like
school” or because of a “lack of ability”, while only 8% cite “financial difficulties”.
Thus, even if one views these responses as support for the learning model and the
borrowing constraints model, respectively, the great majority of individuals volunteer
neither of these answers as the reason for school exit.

More importantly, the other responses do not offer specific support for one model

over the other. For instance, roughly 47% of those who leave school and then re-enroll
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after a long interruption claim to have left school because they “received a degree” or
“completed courses”. However, an individual could receive a degree and still desire
further education but be unable to continue because of borrowing constraints. On
the other hand, an individual could begin work after completing a specified program
of study only to discover upon working that further education would be desirable.
Thus, the “received degree” response is consistent with either model of re-enroilment.
The survey responses “offered good job; chose to work” and “other” are similarly
unable to discriminate between the theories. Together, these responses account for
over 75% of the responses in the middle column. Thus, although Table 2.8 suggests
that both the learning and borrowing constraints models are partial explanations for
interruption and subsequent re-enrollment, these data do little to clarify the relative
importance of the two explanations.

In addition to data on reason for last school exit, the NLSY also gathered data
on desired schooling level in the 1979, 1981, and 1982 interviews. In the absénce of
borrowing constraints, an individual whose actual educational attainment falls below
the desired level enrolls in school. In a world of perfect information, an individual who
has already attained his desired level of schooling does not enroll in further school.
Thus, one might get some idea about the relative importance of borrowing constraints
and learning as explanations for re-enrollment by examining how enrollment behavior
varies depending on the relationship between actual and desired schooling levels. This
comparison is made in Table 2.9.

The three left-hand columns of Table 2.9 consider the enrollment behavior of in-
dividuals who claim to have less than their desired level of schooling as of the 1979,
1981, and 1982 interviews. The bottom row shows, not unexpectedly, that the num-
ber of people with less schooling than they desire falls as the sample ages. However,
the percentage of these individuals who are enrolled in school sometime during the
next interview year falls from 75% to 45% between 1979 and 1982. Thus, 25% to 55%
of those with less than their “desired education” do not enroll in school in the follow-

ing year. Whether these numbers imply that borrowing constraints are empirically
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important depends upon how the sample respondents interpret “desired education”.?’

If “desired education” is taken to mean the amount of education that individuals are
willing to purchase at market prices, then one is driven to the conclusion that roughly
one-quarter to one-half of the sample interrupts or curtails its education prematurely
because of borrowing constraints. In contrast, if “desired education” is understood as
simply a “desirable” level of schooling, but not necessarily the amount that an individ-
ual is willing to pay for, then the percentage of the population inhibited by borrowing
coustraints is probably much smaller than the above numbers suggest. Nevertheless,
for those who actually re-enroll before the end of the sample period, the inference
that true financial constraints caused the interruption seems more reasonable. From
the second row of the table, between 6% and 10% of those with less schooling than
they desire eventually re-enroll in school after a significant interruption.

Moving to the right-hand columns of the table, one sees the future enrollment
behavior of those who claim to already have obtained (at least) their desired level
of education as of the 1979, 1981, and 1982 interviews. Looking first at the bottom
row, one finds that the number of individuals who have reached their desired level
of education rises as the sample ages. Moving up one row, one sees that the vast
majority of people who have achieved their desired level of education never re-enroll
during the remaining sample period. Still, between 12% and 14% of the respondents
apparently contradict themselves and eventually re-enroll in school. Most of these
individuals, 8% to 11% of the sample, have an interruption in school enrollment of
at least one full interview year before returning to school. As before, understanding
these numbers depends on how the respondents interpret “desired education”. [f
desired education refers to the amount of education that individuals are willing to
pay market prices to acquire, given their budget constraint, then re-enrollment among
those who already have at least this much schooling conceivably could be explained by
dramatic changes in the budget constraint. On the other hand, if desired education

just represents the level of education that the respondent views as ideal abstracting

20The question directed to the survey respondent is “What is the highest grade or year of regular
school, that is elementary school, high school, college, or graduate school that you would like to
complete?” (emphasis included in the questionnaire).
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from budgetary constraints, then a borrowing constraints model cannot explain re-
enrollment among those who already have at least this much education. However, the
learning model developed earlier can easily explain exactly this type of re-enroliment
behavior.

Returning to the bottom row of the table, the sample of individuals with less
than their desired level of schooling far outnumbers the sample who have acquired
at least as much education as they desire. Taken together, the relative sample sizes
and the percentages who re-enroll after an interruption seem to imply that much re-
enrollment is driven by borrowing constraints. However, this conclusion relies on the
equivalence of “desired education” and the level of education that the respondent is
willing to pay for.

I attempt to provide further evidence on the importance of borrowing constraints
in Table 2.10, where I examine the relationship between whether an individual with
less than his desired level of education does not enroll in school in the next sample pe-
riod and the individual’s personal and family background characteristics. Estimations
are performed separately for the 1979, 1981, and 1982 survey years. The evidence
is consistent with a significant role for borrowing constraints. For instance, growing
up in a non-two parent household and having less educated parents, characteristics
suggestive of lower wealth, are correlated with a higher probability of not enrolling in
school in the next period. In addition, older and married individuals, who are more
likely to have assumed head of household responsibilities, are less likely to enroll in
school. Individuals who already have a high school degree are, perhaps surprisingly,
more likely to enroll in school in the next period.

Thus, borrowing constraints appear to be a significant cause of school interrup-
tion and subsequent re-enrollment. But it is not clear whether a pure borrowing con-
straints model can fully explain the observed data on interruption and re-enrollment.
For instance, re-enroliment among those who claim to already have as much school-
ing as they want seems to lend support to the learning model. To test whether there
exists empir‘cal support for learning-induced school re-enrollment, I now examine the

contrasting predictions derived from the learning and borrowing constraints models
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in Section 2.3.

2.4.2 Econometric Tests

'The learning model makes several predictions concerning re-enrollment behavior. Re-
call that the model implies that individuals leave school when the probability of suc-
cess in further school is not sufficiently high, and subsequently re-enroll if their match
with the sector for which they are qualified turns out to be too poor, given their aca-
demic success probability. Thus, individuals who re-enroll after an interruption at
a particular grade level should have a lower probability of success in school, on av-
erage, than these who seek the same grade level with no interruption. Also, those
who re-enroll after interruption should be more poorly matched to their sector of
employment prior to re-enrollment than observationally equivalent individuals who
do not re-enroll. At an empirical level, then, a prior interruption in school enrollment.
should be associated with a lower probability of a grade advance, after conditioning
on previous educational attainment, time spent in school and at work during the cur-
rent survey year (after re-enrollment), and background factors. In addition, among
individuals who have left school at a given grade, those with low wages given their
individual and job characteristics and background factors should be the most likely
to re-enroll in school.

I address these implications of the learning model beginning with Table 2.11.
Table 2.11 presents logit estimates of the probability that an individual makes an
advance in grade level since the last interview, given that the individual was enrolled
since the time of the last interview. Several explanatory variables are includzd in
the estimation. The first set measures the family background of the respondent:
whether or not both of the child’s biological parents were living in the household
when the respondent was fourteen years old; whether the male and female adults in
the household when the respondent was fourteen, if present, were employed; whether
the household received a newspaper when the respondent was fourteen; and a set of
variables measuring the educational attainment of the child’s parents. Since family

background is likely to be correlated with wealth, the coefficients on these variables
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partly reflect the effects of financial constraints, and partly reflect the direct effect
of household environment on academic aptitude. The second set of variables consists
of individual characteristics: marital status, race, age, education at the time of {he
last interview, whether the individual lives in the South, and whether the individual
lives in an urban area. The third set of variables controls for an individual’s time use
since the last interview: total weeks elapsed since the last interview, weeks worked
since the last interview, hours per week worked since the last interview, and a set
of dummy variables for different numbers of months enrolled in school since the last
interview.?! Finally, there is the main variable of interest — an indicator for whether
the individual has ever had a long interruption in schooling.??

The signs of most of the coefficients are as one would expect. Coming from a
less privileged background lowers the probability of making progress in school, given
enrollment (and time devoted to school and work). Conditional on measured family
background and time use, it appears that nonwhites, older individuals, and those with
a higher level of education already completed are less likely to advance in school. The
time use variables are all significant and have the expected signs. If more time passes
between interviews, the probability that a grade advance occurs is higher. Given the
amount of time since the last interview, working more (both weeks and hours per
week) is associated with a lower probability of grade advancement, while spending
more time enrolled in school strongly increases the probability of grade advancement.
However, even after controlling for time spent working and time spent at school, an
individual who has had a previous long interruption in schooling has a significantly
lower probability of advancing a grade. For a representative individual enrolled during

the current interview year,?® having had a prior interruption reduces the probability

'Dummy variables were created for the following enrollment categories: 1-3 months enrolled, 4-6
months enrolled, 7-9 months enrolled, and 13 or more months enrolled. The excluded category is
10-12 months enrolled.

22As before, a long interruption is defined as never having been in school for at least one full
period between interviews.

33My “representative” individual has the following characteristics: both parents live in the house-
hold and work; the household receives a newspaper; the highest educated parent has a high school
education; the individual is white, unmarried, resides in an urban area outside of the South, has
previously completed a high school education, and has the mean values in the sample for the other
continuous explanatory variables.
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of grade advance from .85 to .68, other things equal. This finding is consistent with
the prediction of the learning model.

The coefficient estimates of intersst are essentially unchanged if one limits the
sample to full-time (by their own definition) college students, or even if one restricts
the sample to full-time college students who are enrolled in school during at least
nine months since the previous interview. This provides stronger evidence in favor of
the learning model, since limiting the sample in this way leaves a subsample of only
those students who had very strong attachment to scheool during the survey year.
Because past interruption has a very strong negative effect on grade advancement
even for this group of students, it seems highly doubtful that the measured effect
of interruption simply represents omitted variable bias in which the dummy for past
interruption acts as a proxy for unmeasured strength of attachment to school in the
current survey year.

I also consider whether including a measure of a respondent’s intellectual ability
as an explanatory variable has any effect on the results. The ability measure that 1
employ is the residual from a regression of the respondent’s Armed Forces Qualifica-
tions Test (AFQT) score on the respondent’s age at the time the test was taken, the
respondent’s highest grade completed at the time the test was taken, and a constant.??
Thus, an individual’s intellectual ability is measured relative to the ability of others
in the same narrow birth cohort and education (at the time of the test) category.
Including the AFQT residual has no qualitative effect on any of the coeflicient es-
timates of interest in any of the specifications in Table 2.11; as a result, I do not
report most of these estimates. In particular, the effect of past interruption on grade
advancement is essentially unchanged after the ability measure is included. This is
not to say, however, that ability has no effect on the probability of grade advance, all

else equal. The coefficient on the AFQT residual in Column 2, which is representa-

2The AFQT score is constructed using the results from the Armed Services Vocational Aptitude
Battery (ASVAB), a sequence of ten aptitude tests, administered to nearly everyone in the NLSY in
1980. Specifically, the AFQT score is a weighted sum of the scores on four of the ASVAB tests: word
knowledge, aritmetic reasoning, paragraph comprehension, and numerical operations. The weights
are 1, 1, 1, and 0.5, respectively.
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general ability.

Finally, the results are qualitatively the same if one allows the effect of previous

the sample.?* Recal] that the learning model predicts that individuals with unex-

pectedly low wages, given their individual and job characteristics, should be most

BIndividuals remain in the sample through the 1988 interview unless they miss an interview, in
which case they are dropped from the sample in all years after the first noninterview year,
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likely to re-enroll. The main variable of interest in both tables is the real wage.
Since job characteristics and individual human capital characteristics are included
as explanatory variables, the coefficient on the real wage variable measures the ef-
fect on re-enrollment probability of deviations between the actual real wage and the
conditional expectation of the real wage given those characteristics.

In both tables, the estimated coefficient on the real wage variable is negative and,
except in one case, is at least marginally statistically significant. In the majority of
cases, the coefficient is strongly significant. Thus, individuals earning unexpectedly
high wages are less likely to to re-enroll in school, as the learning model predicts.?®
Furthermore, this appears to be true even when one does not attempt to control for
unobserved ability by including the AFQT residual as an explanatory variable. In
a pure borrowing constraints model of re-enrollment, with no sectoral matching and
hence no learning about match quality, one would expect that those with the highest
ability, given their education level, would be the most likely to re-enroll. Thus,
especially if no effort is made to control for ability, one would anticipate that those
with unexpectedly high real wages, resulting from high unmeasured ability, would
have the highest probability of re-enrollment. However, in the data, the reverse
finding seems to be true. This argues against a pure borrowing constraints model of
re-enrollment. The results also show that high job satisfaction?” and low measured
ability, all else equal, are associated with a lower probability of re-enrollment. These
last findings can be explained by both a learning model and a borrowing constraints

model.

2.4.3 Discussion of Results

The estimation results presented in Tables 2.11 through 2.13 yield two main findings.
First, past interruptions in school enrollment are associated with lower probability

of grade advancement for the currently enrolled, after controlling for backgrcund

26Marcus (1986) reports the same finding using data from the NLS Young Men survey.
27“High” job satisfaction indicates that the respondent assigned his job the highest possible sat-
isfaction rating, while “low™ job satisfaction corresponds to the lowest possible rating.
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and individual characteristics (including measures of ability), grade level of current
enrollment, and time spent in school and at work. Because the estimation controls for
the strength of attachment to school and work, one is led to conclude that interruption
prior to enrollment at some particular grade level is concentrated among those who
are least capable of success at that grade level. This result is consistent with the
prediction of the learning model, in which those with sufficiently low probabilities
of continued success in school optimally choose to leave school and start work, but
reserve the option of re-enrollment if the job match in the low education sector is poor.
"The other major empirical result is that probability of re-enrollment in school after an
extended interruption is higher for individuals earning unexpectedly low wages given
their personal and job characteristics. Since a lower than expected wage, conditional
on individual and job characteristics, is evidence of a poor match, this finding agrees
with the prediction of the learning model as well.

It is worth thinking a bit further about whether these findings also can be recon-
ciled with a pure borrowing constraints model. The first prediction that such a model
must have, to be consistent with the evidence, is that a previous interruption in en-
rollment is associated with a lower probability of grade advancement given current
enrollment, other things equal. Interpreted strictly, a borrowing constraints model in
which there is no uncertainty about whether an individual can succeed at a given levei
of school has difficulty explaining this finding; in the absence of uncertainty, individ-
uals only re-enroll if they have at least the minimum ability necessary to successfully
complete that level of school. Of course, even in this model, borrowing constraints
could generate unplanned interruptions in enrollment and, consequently, unsuccessful
spells in school (i.e., enrollment with no grade advancement). But, if this were the
sole cause of unsuccessful spells in school, the differences in strength of attachment to
school (months enrolled, time spent at work, full-time student status, etc.) should be
able to completely account for differences in the probability of grade advancement. In
particular, after controlling for strength of attachment to school, there should be no
correlation between past interruption and probability of success in school. However,

the evidence presented above shows that past interruption in enrollment is strongly
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correlated with a lower probability of grade advancement, even after controlling for
strength of attachment to school.

It is true, however, that some versions of the borrowing constraints model predict
that those who return to a given level of school after an interruption should be of
lower ability, on average, than those who attend through that level of school con-
tinuously. Thus, even though the ability of everyone enrolled in a particular grade
exceeds the minimum level needed to complete that level of schooling, those with past
interruptions, being of lower ability, might be expected to make slower progress than
their more able colleagues who had no interruption. Perhaps this could explain the
relationship between past interruption and grade advance in the current survey year.
While this is possibly a partial explanation of the data, it is unlikely to be the full
story. In the NLSY, a full 48% of those who re-enrol! in school after a long interrup-
tion never advance a grade in the remaining sample period. However, many in this
group spend a large amount of time enrolled in school,?® and only a small fraction
ultimately leave school for reasons clearly suggestive of financial constraints.?® Given
this set of findings — a nontrivial number of individuals who re-enroll in school after
a lengthy interruption, remain enrolled in school for a long period of time, never ad-
vance in school after re-enrollment, and do not cite financial constraints as the reason
for ending the re-enrollment spell — it seems unlikely that the lower frequency of
grade advance upon re-enrollment is entirely the result of slower, but still forward,
progress in school. Thus, the most reasonable explanation of the lower probability
of grade advance, other things equal, for those with prior interruptions in school

enrollment, acknowledges that whether one has the ability to complete a particular

280f those who re-enroll but never advance, 24% spend at least 9 months in school after re-
enrollment, 14% spend at least 12 months in school, and a few individuals spend 24 or more months
in school without advancement. Furthermore, these figures represent a lower bound on the true
number of months enrolled in school since monthly enrollment data is only available beginning with
the 1981 survey, and, as a result, enrollment prior to the 1981 survey year ie not counted.

290f those who re-enrol! but never advance, the percentage of individuals who claim to leave school
(after re-enrollment) because of “financial difficulties” or “home responsibilities” is only 16.8%. In
comparison to the distribution of reasons for school exit for the full eample, a smaller fraction claim
to have left school because they “completed courses” or “don't like school”, while a larger fraction
“chose to work”, had “financial difficulties”, or gave “other” as their reason for exit. Still, the general
magnitudes are the same as in the sample of all school exits, with “completed courses” and “other”
being by far the most common reasons.
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program of study is uncertain ez ante, and those who are least likely to succeed are
most likely to delay in trying.

The second implication that must follow from a pure borrowing constraints model,
if it is Lo conform with the evidence, is that individuals who re-enroll in school should
earn unexpectedly low wages prior to re-enrollment, given their characteristics. This
prediction is not forthcoming from the borrowing constraints models discussed in
Section 2.3. In the model that allows for earnings to depend partly upon the match
between the individual and the sector of employment, the prediction does not follow
because of the assumption that the match with the high education sector can never
be so poor that a high ability individual prefers to forego high education and remain
in the low education sector. In the model where earnings depend only on schooling
and ability, the prediction does not follow because individuals who re-enroll in a
given grade of school are of higher ability, on average, than those who choose not to
re-enroll, and hence earn more prior to re-enrcllment.

For a borrowing constraints model to predict that re-enrollment. occurs primarily
among those earning unexpectedly low wages, it has to be true that not all high
ability individuals who face borrowing constraints choose to re-enroll in school when
they finally have the opportunity. To obtain this result, several conditions must
hold. First, the return to additional education in the sector that does not require
“high” education must be low enough that even individuals who have the ability
to complete further education prefer not to if they plan te remain in this sector.
Second, the match component of earnings must have enough variation that, for some
realizations of (04, 05), high ability individuals prefer the low-education sector to the
high-education sector. If these conditions hold, and only in this case, the borrowing
constraints model implies that those who re-enroll are a selected sample of high ability
workers with poor matches in the low-education sector.

In summary, a pure borrowing constraints model must have the following elements
to yield implications consistent with the estimation results. First, individuals must
be uncertain about their ability and hence about the level of education that they

can complete. Second, the return to education in the sector that does not have
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minimum education requirements must be low enough that, regardless of ability,
no one working in that sector invests in education beyond the minimum. Finally,
the match component of earnings must be important enough that a high ability
individual, if in a sufficiently good match in the low-education sector, actually prefers
remaining in that sector to completing further education and working in the high-
education sector. While this set of conditions may not be unreasonable, maintaining
these assumptions while simultaneously dei.ying the possibility of learning seems quite
arbitrary. Indeed, in a setting where ability is uncertain and the match component
of earnings is significant, it seems plausible that learning might be quite important.
Moreover, even a pure borrowing constraints model that makes th:se assumptions,
and therefore is capable of explaining the estimation results, cannot easily account
for re-enrollment among individuals who claim to have obtained their desired level of
schooling already. On the other hand, the learning model offers a simple explanation

for this behavior.

2.5 Conclusion

The simplest theories of optimal human capital accumulation predict that schooling
should be acquired at the start of the life cycle and that exit from school should
not be followed by re-enroliment. While it is well-established that most schooling
is acquired when young, there has been littie investigation of what the time pattern
of school enrollment actually looks like for a typical individual. This essay provides
evidence, contrary to the predictions of the basic life cycle model, that a nontrivial
fraction of youth return to school after an extended interruption in enrollment. A
richer model of the determinants of school enrollment is needed to account for this
finding.

I consider two possible extensions of the life cycle model that are consistent with
discontinuous school enrollment histories. In the first, interruption and re-enrollment
follows from borrowing constraints. In the second, interruption and re-enrollment

results from the gradual arrival of new information about the value of further school.
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While the two models are complementary, they differ enough in their empirical im-
plications to allow for a test of a pure borrowing constraints model of re-enrollment
against an alternative that admits learning-induced re-enrollment as well.

The empirical analysis suggests that both the borrowing constraints model and
the learning model offer partial explanations ior re-enrollment. Direct survey re-
sponses indicate both financial difficulties and lack of ability or interest as reasons
for interruption among respondents who leave school but subsequently re-enroll. In
addition, some individuals who desire more schooling than they have never acquire
further education (consistent with the borrowing constraints model), while others,
who claim to have as much education as they want, eventually seek more (consistent
with the learning model). The characteristics of those with less than their desired
education who delay getting more education also suggest an important role for bor-
rowing constraints.

However, empirical tests of the predictions of the learning model developed in
Section 2.3 offer support for learning as a cause of interruption and re-enrollment.
Though one possibly can construct versions of the borrowing constraints model that
can accomodate the estimation results, the necessary assumptions are themselves sug-
gestive of a role for learning. Moreover, even this model, built to fit the findings, has
difficulty explaining re-enrollment among those who claim to have as much education
as they desire. Thus, learning, in addition to borrowing constraints, seems to be part
of the explanation of the re-enrollment phenomenon. Of course, for policy purposes,
the important question concerns the relative importance of the aifferent causes of in-
terruption and re-enrollment. Answering this question will require further work and

richer data.
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Appendix: More Models of School Re-enrollment

Although only briefly mentioned in the main body of the essay, the numbers presented
in Table 2.3 imply that the probability of re-enrollinent in school in the next survey
year conditional on being out of school currently (the re-enrollment hazard rate) falls
as the length of time since the initial exit frorn school increases. In addition, there is
weak evidence in the NLSY data (not presented in the main body of the essay) that
the average duration of the spell in school after re-enrollment declines as the length
of the interruption prior to re-enrollment increases. However, the models of school
re-enrollment developed earlier offer little guidance in interpreting these results since
they make no predictions in these dimensions. This appendix develops an alternative
learning model that is consistent with both of these findings.

I then show that a borrowing constraints model in which all of the constrained
individuals are “equally constrained” generates neither of these predictions. In par-
ticular, in this setting the hazard exhibits no duration dependence, and the duration
of the re-enrollment spell does not depend on the length of the out of school spell.
However, when there exists even a very simple form of heterogeneity across the con-
strained individuals in their “degree of constraint”, the predictions of the borrowing
constraints model are identical to those of the learning model. Thus, the learning
model developed below does not appear to be empirically distinguishable from a bor-
rowing constraints model. On the other hand, both models at least appear consistent

with some basic patterns in the data.

A Second Learning Model of Re-enrollment

Individuals are of one of four ability levels (“types”): A € {A, Ay, A3, As}, where
A;i > A;ifi > j. Similarly, there are four possible levels of schooling:®® S €
{51, S2, 83, 54}, where S; > S; if i > j. If ability were known to be A;, an individual

3%0ne might think of these educational levels as corresponding to a high school degree, o two-year
college degree, a four-year college degree, and a graduate degree.
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would choose education S;, for i = 1,...,4.>" A person with schooling S; and ability
Aj earns Y;; = Y(S5i, A;) in the labor market. Individuals have a discount factor of
B and seek to maximize the (expected) present discounted value of lifetime earnings.
Assuming that it takes one “period” for an individual to advance one grade level,
the assumption on optimal schooling levels given ability implies that the following

conditions hold for ¢ € {1,2,3,4} and j € {1,2,3,4}:
B =Y >0, ifi > j,

BV~ Yy <0, ifi> .

Once individuals have the minimal level of educaticn, S}, they can choose between
investing in further education or going to work. To allow for the possibility of learning,
I assume that individuals do not know their ability for certain at the time that they
must make this decision. Instead, they have only a (discrete) probability distribution
over the four different ability levels. This distribution can vary across individuals to
reflect heterogeneity across individuals in terms of prior experiences and information.
Given the distribution, each person decides on school or work as demanded by earnings
maximization. Regardless of the school/work decision, I assurne that the chosen
activity generates, as a by-product, furtker information about an individual’s ability.
In particular, learning is assumed to take the form of being able to rule out certain
“types”; after the first period, an individual learns either that A € {A,, A;} or that
A € {A3, A4}. Intuitively, for an individual from one of the high-ability groups, work
(in a low-schooling job) provides evidence of “overqualification™ while school similarly
provides evidence of the intellectual capacity for a high-schooling job. The signals
are analogously informative for individuals from low-ability groups. Given this new
information, individuals once again choose between school and work in the second
period to maximize lifetime earnings. After the second period, I assume that ability

is fully revealed. By the previous assumptions, any individuals who still have less

31This assumption simply says that more able people find it optimal to get more education than
less able people. Such an assumption is standard in models of educational choice.
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education than is optimal given their type will make up tke difference immediately.
To formalize the notions in the previous paragraph, I assume that at the time
of the initial school/work decision, an individual’s prior probability distribution over

ability is

Pr(A=A4) = pq,
Pr(A=As) = p(1-yq),
Pr(A=A)) = (1-p)r,
Pr(A=A,) = (1-p)(1-r).

After the first period, some information about ability is received. With probability
p, a high signal is received and the probability distribution over ability is updated to

Pr(A=A) = ¢,
Pr(A=A43) = 1-4.

With probability 1 — p, a low signal is received and the probability distribution over
ability is updated to

PI‘(A=A2) = r,
Pr(A=A4) = 1-r

After the second period, ability is revealed with certainty.

Given this setup, I want to determine how the decision between school and work
in each period depends upon the parameters. Essentially, there are three separate
decisions to make: the first period decision, when the individual has only his prior
beliefs about ability; the second period decision, when the individual has received
some news about ability; and the third period decision, when the individual has full
knowledge concerning ability. The simple structure (few periods and few types) of

the model allows one to easily solve the individual’s decision problem at each stage by
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backward induction. In principle, one would solve a problem with more ability levels
and slower resolution of uncertainty (more “periods”), but with the same general
structure, by the same technique. In practice, though, the algebra would be far more
involved with little added insight.

I first consider behavior once ability has been fully revealed. By the assumptions
made above, it is trivial to determine optimal behavior. Suppose that an individual
has obtained schooling S; at the time that the ability level, A;, is revealed. Clearly,
the individual goes to school for j — ¢ periods (and then works) if j > ¢, and works
immediately (and never returns to school) if j < 1.

Next, consider behavior one period earlier, when beliefs have been updated to
reflect the ability signal, but when ability still is not known with certainty. At this
stage, the agent either has schooling level Sy, if work was chosen in the first period,
or schooling level S, if school was chosen in the first period. Now, if a high signal
was received after the first period, the individual chooses school, regardless of the
choice in the previous period, since the optimal level of education is now known to
be at least S3. On the other hand, if a low signal was received and school was chosen
last period, then the individual clearly chooses to work since the current level of
schooling, S, is certainly not less than the optimum. The final case to consider is if
a low signal was received and the individual worked last period. In principle, either
school or work could be the expected lifetime earnings maximizing strategy for the
second period in this case. School maximizes the expected present discounted value

of lifetime earnings if

B?Ys,
1-8

r8Ya + (1 —r)BYa
1-p

)+ (1 =) + 22

>r(Yi2 +

which reduces to
1 —-r) (Y — fYn)
1-8 )

This condition can hold only if r is very large and B is very small. Agents who

r(BYa - Yia) > ¢

work in the first period and receive a low signal choose school in the second period

only if they discount the future a lot (so an investment in education which turns
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out to be a mistake ez post is not weighted very heavily) and if additional schooling
is very likely to be optimal (the probability that A = A, is small). For reasonable
parameter values, this condition is unlikely to hold. Moreover, if the above inequality
does hold, it is in fact optimal for all individuals choose school in the first period,
and re-enrollment after an interruption never occurs. Intuitively, an individual who
finds it optimal to attend school after receiving bad news about ability must find it
optimal to attend school before receiving any news about ability. Thus, I impose the
condition that individuals who work in the first period and receive a low-ability signal

do not choose school in the second period. Mathematically, the assumption is

(1 = r)(Yu — BYn)
1-8 '

r(BY2 - 2) <

One can now examine the decision problem in the first period. At this stage, agents
decide whether to go.to school or work given their current schooling level (which is S}
for everyone) and their prior beliefs about their ability (which vary across individuals
and are summarized by p, ¢, and r). Assuming that individuals who receive low
signals never choose school in the second period (the assumption made above), the

expected payoff from work, V¥, is

ﬂY
- B

ﬁ ﬂ

)+(1—

Vlw = PQ(Y14+

)+p(l Q)(Yla-i-
p? Yn

(1-p)1=r)(1+B)Yu+73 )

The expected payoff from school, V;3, is

ﬁ 22 ﬂyzl

5

)+ (1-p)(1 =)

=) +p(1 —q)( )+(1 Py

ﬂ

The individual chooses school in the first period if V{5 > V}¥. Rearranging this

inequality, one finds that school is selected in the first period if

VS ~V¥ = pg(B%a — Yid) +p(1 — q)(B%as — Yia) +
(1= p)r(1 + B)(BYa2 — Ya2) + (1 — p)(1 — r)(BYas — Y11) > 0.
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By the previous assumptions, the first three terms are all positive, while the last term
is negative. Thus, for large values of p, the above inequality will probably hold, while
for small values of p the inequality need not hold.3? Intuitively, for individuals who
are fairly confident that they are of high ability, the proper choice is school in the
first period, while if a reasonably large prior probability is placed on the lowest ability
class, then work is the appropriate first period option.

Optimal schooling choices in each informational state now have been derived.®
In this simple model, optimal behavior is very simple and can be easily summarized

as follows.

Period Condition Required for School Enrollment
1 Have Optimistic Prior Beliefs About Ability (V}* — V¥ > 0)
2 Receive Signal that Ability is “High” (A € {Aa, A4})
3 +  Have Suboptimal Education, Given Ability (S = S;, A = A;, and i < j)

It is clear that this model can generate the phenomenon of multiple periods of school
enrollment separated by extended breaks in attendance. In particular, agents with
sufficiently pessimistic prior beliefs about their ability (low values of p) will choose
to work in period 1. However, these individuals will re-enroli in school if subsequent
information arrives that indicates that further schooling would be beneficial.

A simple example might be instructive. Suppose that ¢ and r are identical
throughout the population, and that there are only two possible values for p, so
that p € {p,p}. Thus, there are only two prior distributions over ability. (Recall that
p is an agent’s prior belief that they belong to one of the higher ability groups.) Sup-
pose that p > p, that Pr(p = p) = s, and that an individual finds it optimal to attend

school in the first period if p = P, but not if p = p. Given this simple structure, enu-

921n particular, if p and r are both small, then the inequality probably will not be satisfied.

33To be precise, the problem has been fully analyzed in the cass where certain restrictions (ex-
plained in the text) on the parameters are assumed to hold. These restrictions simplify the problem
and are very reasonable. In words, the assumptions on the parameters reduce to the foliowing two
propositions. First, in the presence of full information about ability, more able individuals optimally
obtain more education than less able individuals. Second, if an individual optimally chooses to work
(and therefore not attend school) in the first period, then he will not choose to attend school in the
second period if a negative signal about ebility (i.e., the person belongs to one of the lower ability
groups) is received after the first period.
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merating the different possible enrollment histories and their associated probabilities

of occurrence is straightforward. I present this table below.3

Prior Signal True Ability Enrollment Sequence Probability
p  High Aq = 11110 pg(l — s)
p  High As = 11100 p(1 —¢)(1 - s)
P Low A; = 11000 (i=-pp(i->)
P Low A = 11000 (1-p){1-r)(1 ~3s)
P High A, = 10111 Pgs
P High As = 10110 p(l1—gq)s
P Low A, = 10010 (1—=p)rs
P Low Ay = 10000 (1=p)(1—r)s

This example highlights two noteworthy predictions of the model. First, the
average duration of the second spell in school should be longer for individuals who
have briefer interruptions. In the example, those who return to school after a one
period gap stay enrolled for two or three periods, while those who re-enroll after a two
period gap remain enrolled for only one additional period. Second, the probability
of starting a second enrollment spell should (eventually) decline as the time elapsed
since the first enrollment spell ended increases; equivalently, the hazard rate from non-
enrollment (employment) to re-enrollment should (eventually) decline as the length
of the non-enrollment spell increases. In the example, the hazard from e:nployment
to enrollment is zero when the number of periods since last enroliment (the length
of the break) exceeds two. The hazard rate when the number of periods since last

enrollment equals one is ps. When the number of periods since last enrollment equals

(1-p)rs
1-ps °

two, the hazard rate is Which of these probabilities is larger depends on the
parameters, but both are clearly positive. Thus, the hazard is eventually declining,
and perhaps monotonically so.

Thus, the model makes two empirically testable predictions, holding other things

HEnrollment histories are five periods in length. In the first period, everyone is in school (acquiring
education level S;). By the fifth period, no one is enrolled, nor will anyone ever re-enroll. Thus,
there is no loss of information in looking at five period histories.
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equal. First, the earlier an individual re-enrolls in school the longer her stay should be,
and, second, the longer an individual has been out of school the less likely she should
be to re-enroll. One would expect both of these predictions to hold quite generally
in learning models, even if the uncertainty and the learning process were modelled
somewhat differently than they are here. In general, updated beliefs (about ability,
say) are some combination of prior information and newly arrived signals. More
dramatic signals, given the prior beliefs, have larger effects on those prior beliefs and
therefore are more likely to lead to quick revision in optimal behavior. In addition,
given the prior beliefs, more dramatic signals are more likely when prior beliefs,
though rationally arrived at, are far from the true parameter value. These two pcints
lead to the conclusion that individuals who return to school sooner should stay longer
on average. The prediction that individuals are less likely to re-enroll in school the
longer they have been out of school hinges on the assumption that information arrives
over time. By the time someone has been out of school a long time, a lot of information
has been accumulaied and additional information is unlikely to alter prior beliefs
much. Thus, anyone who has been out of school a long time has decided that this is
the right course based upon a wealth of prior information, and is unlikely to receive

new information which will lead to a revision of this opinion.

A Borrowing Constraints Model Re-enrollment

Once again suppose that there are four levels of ability, A € {A,, Az, A3, A4}, and four
possible schooling levels, S € {S,, 53, 53,54}, where S; > S; if i > j. As before, an
individual of ability A; maximizes lifetime earnings by obtaining schooling S;, for all i.
Unlike in the learning model, however, I now suppose that ability (and therefore the
appropriate level of schooling) is known with certainty before any worker confronts a

decision between work or further schooling. Let

pi=Pr(A=A), i=1,....,4
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describe the frequency of the different ability types in the population. As the model
now stands, it is completely analogous to standard models of educational choice.

Now suppose that all individuals acquire the minimum schooling level, S;, but
thereafter there is some chance, in each period, that an individual will run up
against financial constraints that prevent the acquisition of additional schooling in
that period.3® Let ¢ denote the ez ante probability that an individual can finance
additional schooling in any period, if such schooling is desired. Thus, whether ad-
ditional schooling can be financed in a given period is simply a Bernoulli random
variable with success probability ¢. For simpiicity, I assume that ¢ does not vary
across the different schooling increments, and for now I assume that ¢ is identical for
all individuals.

I am interested in how the re-enrollment hazard rate and the duration of the re-
enrollment school spell depend on the length of the interruption in schooling. Let S
denote an individual’s current level of schooling and S* the optimal level of schooling
given ability. Let G indicate the length of zny ongoing spell out of school since the

first exit from school. Then, for n > 1,
Pr(G=n,5<S)=(p+p(l+q)+p(l +g+¢"))(1 -9

Now consider an individual who re-enrolls after an interruption of exactly n periods.
Such an individual necessarily had less than the optimal level of education given
ability (S < S*) and spent n consecutive periods out of school since the first exit
from school. Thus, letting L denote the number of periods out of school before re-

enrollment occurs, it follows that, for n > 1,
Pr(L=n)=Pr(L =n,G=n,5<5) = (pa+ps(l +¢) +pa(l +q+¢"))1-q)¢

Therefore, among the sample of individuals who ever re-enroll in school, the re-

3Thus, it again might be useful to think of S) as representing a high school degree, and the
other education levels as representing various levels of educational attainment beyond 2 high school

degree.
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enrollment (first return to school) hazard rate is a constant:

Pr(L=n,G=n,5<5")
Pr(G=1,5 < 5°)

Pr(L=n|G=n,5< 8% = =q.

Of course, among the enlire population, the hazard will be declining, since some
individuals will obtain all the education they desire with no interruption in schooling
and for this group the re-enrollment hazard is zero. Thus, as time since first exit from
school increases, those individuals who already have their desired level of education
will become an ever larger proporticn of the population who have yet to re-enroll in
school, and as a result, the population re-enrollment hazard will decline with time
since first exit from school. Nevertheless, the proposition that the re-enrollment
hazard is constant even within the subsample that eventually re-enrolls distinguishes
the borrowing constraints model from the learning model. In the learning model, the
hazard should eventually be decreasing, even when just considering the subsample
who return to school, since those who have been out of school for a long while have
presumably received much evidence in support of this choice and would require a very
dramatic piece of new information to reconsider the enrollment decision.

Next, consider the average duration of the second school spell. It is clear that
the spell lasts at least one period, but there are two reasons why it might not last
longer. First, the individual might only desire one more “period” of schooling, and
second, even if the individual desires more than one additional “period” of schooling,
the spell continues for a second period only with probability q. Letting D denote
the duration of the second spell in school, one can show that, for any length of the

interruption prior to re-enrollment,

P2 + pa(1 + 29) + pa(1 + 2¢ + 3¢%)
2+l +q)+p(l +q-+g%) °

E(D) =

Thus, the average duration of the second enrollment spell does not vary with the
length of the interruption preceding re-enrollment. This contrasts with the prediction
in the learning model, where individuals who return sooner are expected to stay in

school longer.
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In deriving the predictions of the borrowing constraints model, I have so far as-
sumed that ¢ is the same for all individuals for whom ¢ < 1 (i.e., all individuals in
the potentially constrained population). It seems quite plausible, though, that there
might be (unobservable) heterogeneity across individuals in the probability of facing
borrowing constraints. Thus, it is important to determine whether the predictions of
the borrowing constraints model depend on the homogeneity assumption.

Consider a simple form of heterogeneity. The population contains individuals
with two different “susceptibilities” to borrowing constraints, summarized by ¢; and
g2 where ¢, # q.. The proportion with susceptibility ¢, is 8, and the proportion with
susceptibility ¢g; is 1 — 6. Let

A= (pp+p(l+a)+p(l+q +¢))(1-aq)0,

= (p2+pa(1+ q2) + pa(l + g2+ ¢3))(1 — g2)"(1 - 6).

Then
_ _ _ _ony _ A+ By
A=Pr(L=n|G=n,5=8")= AT B
and
8\  AB 1-q
n =rm-);(m—m)ln(l_q2) <.

Thus, if one allows for heterogeneity in the probability of being constrained, then
the borrowing constraints model also predicts that the re-enrollment hazard exhibits
negative duration dependence. This occurs because individuals with the highest prob-
ability of facing constraints in any period (and hence the lowest per-period probability
of re-enrollment) are exactly those who are most likely to experience a long period of
uninterrupted constraint.

Turning to the average duration of the re-enrollment spell, define the following

notation:

Y = pa+ps(1+2¢) +pa(1+2¢ +3¢)), i=1,2,
Zi = ptpa(l+@)+p(l+q+4}), i=1,2
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a = 0(1-q)q,
b= (1-6)1- gy,

Then
e} + b,
E(D) - aZ. + bZz
and
OE(D) ab 1—g
Ton Tz rimp s - Y22:)In(; p

One can show that Wz, -v,2, > 0 (< 0)ifgq > %2 (< ), and from this it
follows that 8—‘3&91 < 0. Thus, the average duration of the re-enrollment spell falls as

the length of time until re-enrollment rises, when one allows for heterogeneity. The
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Table 2.1: Percent of young men in school, by sequence and group, in each
October from 1972 to 1976 (from Manski and Wise (1983), Teble

3.6, p. 50)
Sequence Percent of Total Group Percent Group
00000 32.2 32.2 Never in school
10000 6.5 43.8 Continuous attendance
11000 6.5
11100 3.7
11110 114
11111 18.7
01000 23 6.2 Delayed entry of 1 year,
01100 1.3 continuous attendance
01110 0.9
01111 1.6
00100 1.7 7.7 Delayed entry of 2 or
00110 0.8 more years, continuous
00111 0.8 attendance
00010 1.3
00011 1.2
00001 18
10100 1.0 6.3 Single year interruption
10110 0.7
10111 1.0
11010 1.0
11101 1.2
00101 0.2 39 Multiple year interruptions
01001 0.2
01010 0.2
01011 0.2
01101 0.3
10001 0.6
10010 0.5
10011 0.7
10101 0.1
11001 0.8
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Note to Table 2.1

Data comes from the National Longitudinal Survey of the High School Class
of 1972, a survey of 1972 U.S. high school seniors. The five digits in each
sequence number correspond respectively, left to right, to October 1972, Oc-
tober 1973, October 1974, October 1975, and October 1976. A one in any
columr indicates “in school full time” in the first week of that particular
month. Percents have been rounded to the nearest tenth. The totai sample

is 9,087.
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Table 2.2a: Schooling histories for young men, after and including their first long-term

interruption in schooling, observed for 3, 4, or 5 years

Years Obeerved Sequence Percent of Total Group Percent  Group
3 000 83.7 83.7 Never return to school
010 4.2 10.4 Return after ! year
011 6.2
001 5.9 5.9 Return after 2 years
4 0000 77.1 77.1 MNever return to achool
0100 5.5 12.3 Return after 1 year
0101 i.1
0110 22
0111 3.5
0010 2.2 4.2 Return after 2 years
0011 2.0
0001 6.4 6.4 Return after 3 years
5 00000 79.1 79.1 Never return to school
01000 43 9.0 Return after 1 yesr
01011 0.2
011060 1.1
01101 0.6
01110 i1
01111 1.7
00100 2.1 4.5 Return after 2 years
00101 04
00110 0.7
00111 1.3
00010 1.7 3.9 Return after 3 ycars
00011 2.2
00001 3.5 3.5 Return after 4 years

Data comes from the National Longitudinal Survey of Youth, 1979-1988. Each binary se-
quence represents a possible schooling history starting from the first year in which the indi-
vidual reports that he was never in school since the previous interview. Thus, the first digit
in the sequence is always a zero, and marks the first between interview pericd in which the
respondent attended no school. A one in any column indicates that the respondent attended
some school in that interview year. Percents have been rounded to the nearest tenth. There
are 306 3-year histories, 454 4-year histories, and 537 5-year histories.
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[
Table 2.2b: Schooling histories (first 6 years only) for young men, after "
and including their first long-term interruption in schooling, '
observed for 6 or more years )
Sequence Percent of Total Group Percent Group '
000000 1.9 719 Never return to school
k
010000 2.8 7.5 Return after 1 year .
010001 0.3 .
010010 0.1 !
010011 0.2 ¥
010100 0.2 -
010101 0.1
010110 0.1 'l
0io0111 0.1 d
011000 1.1 .
011001 0.1 .
011010 0.1
011011 0.2
011100 0.6
011101 0.1 n
011110 0.5
011111 10
001000 24 5.5 Return after 2 years .
001001 0.3
001010 0.2 B
001011 0.1
001100 1.0 n
001101 0.1 =
001110 0.4
001111 0.9 .
000100 2.1 3.7 Return after 3 years F
000101 0.2 "
000110 0.6 ]
000111 0.8
000010 1.6 3.1 Return after 4 years
000011 1.5
000001 2.3 2.3 Return after 5 years

The table is derived from the 3,106 histories at least 6 years in length. See
the note to Table 2.2a for further details.
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Table 2.3: Percentage who re-enroll in school after interruption, by years until re-enrollment
and remaining time in sample

Years Until Years Observed After 2nd Including First Year Not in School
Re-enrollment 0 1 2 3 4 5 8 7__ 8 9 10
Don’t Re-enroll | 100.0 100.C 853 834 77.1 716.1 77.0 71.8 72.2 69.8 7174

1 147 105 123 89 94 94 84 85 4.
2 68 42 45 40 81 56 b4 44
3 64 39 34 28 44 41 37
4 35 43 21 35 33 25
b 19 28 18 35 18
6 32 20 12 18
7 21 27 15
8 16 1.0
9 1.8
N

570 203 313 306 454 537 583 533 659 516 0I5

Data is from the NLSY, 1979-1988. Each column isclates individuals who are observed for
the same number of years beginning with (and including) the first survey year in which the
individual receives no schooling since the previous interview. Resding down each column gives
the percentage who eventually re-enroll in school (or not) during the remaining ssmple period,
and the number of years until re-enrollment. N gives the number of individuals in each column.
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Table 2.4: Percentage who re-enroll in school after interruption,
by years until re-enrollment and race

Years Until Race
__Re-enrollment | Hispanic  Black Other All Groups

Don’t Re-enroll 80.2 80.4 79.7 79.9

1 73 84 7.2 7.5

2 3.8 4.0 4.2 4.1

3 3.0 2.8 3.1 3.0

4 2.9 1.7 2.0 2.1

5 1.2 1.6 1.2 1.3

6 0.7 0.6 1.1 0.9

7 0.7 0.3 0.9 0.7

8 0.1 0.1 04 0.3

9 0.2 0.1 0.4 0.3
N 947 1451 3181 8579

Data is from the NLSY, 1979-1988. Reading down each col-
umn gives the percentage who eventually re-enroll in school
(or not) during the remaining sample period, and the num-
ber of years until re-enrollment, by racial group. Included in
the “Don’t Re-enroll” category are those individuals who are
in school continuously throughout the sample, and those who
leave school for the first time only in their last year in the
sample. N gives the number of individuals in each column.

129



Table 2.5: Distribution of highest grade completed (in percentages) and
mean of highest grade completed for school leavers who never
re-enroll, and for school leavers who eventually re-enroll (st time
of initial exit and at end of sample period)

Grade Level Non-returners Returners
At Initial Exit At End of Sample

0 0.0 0.0 0.0
1 0.0 0.0 0.0
2 0.0 0.0 0.0
3 0.1 0.1 0.0
4 0.3 0.0 0.0
5 0.3 0.1 0.0
6 0.6 0.7 0.4
7 14 0.9 0.2
8 4.7 3.6 1.3
9 7.1 5.0 24
10 9.4 7.5 4.0
11 10.7 13.0 7.3
12 39.9 36.6 31.0
13 5.3 9.8 16.1
14 44 7.6 14.5
15 2.2 34 5.9
16 10.5 9.9 10.3
17 1.2 1.0 3.8
18 0.9 0.4 1.5
19 04 0.3 0.8
20 0.6 0.3 0.6

Mean 12.0 12.2 13.1
N 3878 1119 1120

Data is from the NLSY, 1979-1988. N gives the number of individuals in
each column. Data on educational attainment is missing for one sample
member at the time of initial exit from school.
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Table 2.6: Percentage of obscrvations (person-years) with an
advance in school grade, given enrollment in echool
since the previous interview, by previous educa-
tional attainment and whether an extended inter-
ruption in schooling had occurred previously

“Prior Interruption

No

Yes

Less than high school Advance | 89.9 559
N 7239 472
Exactly high school % Advance | 71.0 30.2
N 1487 702
Less than 4 years of college || % Advance | 69.3 33.1
N 3803 744
Exactly 4 years of college % Advance | 45.2 264
N 471 197
More than 4 years of college {| % Advance | 71.2 37.7
N 313 69
All levels of education Advance | 799 36.6
N 13313 2184

Data is from the NLSY, 1979-1988. N gives the number
of observations (person-years) in each cell. The results are
qualitatively unchanged if the sample is restricted to just
those who were enrolled in 9 or more months since the last
interview, although the probability of grade advance is some-

what higher in this restricted sample.
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Table 2.7: Weeks worked and hours worked per week since the last interview, by educa-
tional attainment prior to interview year and current and past school enroliment

status
Enrolled Yes Yes No
Prior Interruption No Yes -

Weeks Hours
Mean | 23.4 22.0 24.6 27.0 35.1 36.1

S.D. 19.4 16.5 23.2 20.7 22.0 18.0
N 6742 6645 472 466 | 10557 10426

Previous lligrhest Grade

Lesa than high school

Mean | 292 29.2 33.3 31.6 424 38.6
S.D. 18.8 16.4 23.1 19.7 204 16.6
N 1487 1475 702 696 | 11959 11863

Exactly high school

Mean | 329  30.0 39.1 31.7 465 408
S.D. 19.2 15.4 22.7 18.3 19.0 15.8
N 3803 3761 744 732 3425 3397

Less than 4 years college

Mean | 395 342 | 49.2 405 819  43.7
S.D. 20.0 15.6 17.7 15.2 156.4 14.0
N 471 466 197 196 1876 1857

Exactly 4 years college

Mean | 345 30.0 51.3 38.6 540 443
S.D. 22.9 20.8 16.6 12.1 14.1 124
N 337 336 73 69 394 386

More than 4 years college

Data is from the NLSY, 1979-1988. The table presents summary statistics (means,
standard deviations, and number of observations) on weeks worked and hours per week
for each of the different education-enrollment status cells. The average for weeks worked
can exceed 52 since it is weeks worked since the previous year’s interview, rather than
weeks worked in the last calendar year.
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Table 2.8: Reason left school (most recent exit) for individuals not enrolled at
the time of the interview, by future re-enrollment behavior

Re-enrollment occurs:
Reason left school Next Period  With Delay Never | N,
“Received degree; Row % 14.5 22.7 62.8 | 3106
completed courses (Col %) (40.2) (46.6) (52.5)
Home responsibilities; | Row % 14.3 21.8 63.8 | 147
marriege; pregnancy | (Col %) (1.8) (2.1) (2.5)
Don’t like school; Row % 15.8 21.9 623 | 777
lack ability (Col %) (10.6) (10.9) (12.7)
Offered good job; Row % 154 24.2 604 | 565
chose to work (Col %) (7.5) (8.8) (8.9)
Financial difficulties Row % 25.8 26.9 47.3 | 485
(Cel %) (10.4) (8.0) (5.8)
Other Row % 24.7 26.5 48.8 | 1319
(Col %) (28.2) (22.5) (16.9)
Missing Row % 22.6 20.0 48.4 62
(Col %) (1.2) (1.2) (0.8)
N, 1156 1555 3820 | 6531

Data is from the NLSY, 1979-1988. The numbers are percentages and may
not add to 100.0 because of rounding. The category “Other” represents an
aggregation of the following poesible responses: “Entered military”, “Ex-
pelled or suspended”, “School too dangerous”, “Moved away from school”,
and “Other”. Approximately 70% of the responses in the “Other” category
had “Other” as their listed reason for leaving school in the raw NLSY data.
Thus, the remaining responses that I grouped with “Other” (i.e., “Entered
military”, etc.) were quite rare. The column titled “Re-entollment occurs
next period” identifies individuals who enrolled in school sometime during
the following interview year. The column titled “Re-enroliment occurs with
delay” identifies individuals who enrolled in school sometime during the re-
maining sample period, but not until after the following interview year. The
column titled “Re-enrollment occurs ncver” identifies individuals who never
re-enrolled in school in the remaining sample period. N, gives the number of
individuals in each column and N, gives the number in each row.
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Table 2.9: Future re-enrollment behavior, by relationship between actual and de-
sired educational attainment and by interview year

“Desire further schooling Have desired schooling
Re-enrollment occurs | 1979 1681 1982 1979 1981 1982
Next period 75.5 544 44.5 30 36 48
With delay 60 96 10.2 11.2 105 77
Never 135 36.0 45.3 85.8 85.9 87.6
N | 4857 4393 4158 438 702 880

Data is from the NLSY, 1979-1988. The numbers in the cells are percentages.
The row titled “Re-enrollment occurs next pericd” identifies individuals who
enrolled in school sometime during the following interview year. The row
titled “Re-enrollment occurs with delay” identifies individuals who enrolled
in school sometime during the remaining sample period, but not until after
the following interview year. The row titled “Re-enrollment occurs never”
identifies individuals who never re-enrolled in school in the remaining sample
period. N gives the number of individuals in esch column.

134



Table 2.10: Logit estimates of the probability nof being enrolied in
school at any time in the next interview year, conditional
cn having less education than self-reported desired edu-

cation
Interview year is: 1979 1981 1982
Not both pzrents in household .3645 4208 3671
at age 14 (.1125) (.1019) (.1041)
Newspaper received in household -.3404 -.2543  -.1041
at age 14 (.1045) (.0936) (.0970)
Parent with more education has 6274 .5402 4427
less than high school (-.1022) (.0931) (.0964)
Parent with more education has -4233 -.2341  -.2807
some college (.1487) (.1243) (.1248)
Parent with more education has -1.339 -1.205 -1.080
college degree or more (.1561) (.1260) (.12086)
Married 1.853 9923 9375
(-2609) (.1610) (.1460)
Nonwhite -2711  -.0116  .1005
(.0971) (.0847) (.0861)
Age .8052 .6185 .5206
(.0311) (.0254) (.0236)
Has completed high school -1.002  -1.134  -1.252
(.1251) (.1071) (.0995)
Constant -16.721 -12.133 -10.360
(.:5835) (.4957) (.4811)
log L -1789.8 -2132.5 -2041.7
N 4736 4142 3822

Data is from the NLSY waves of 1979, 1981, and 1982. The sample
is restricted to those who have completed less education than their
self-reported desired educational attainment. The dependent vari-
able takes the value 1 if the respondent is never enrolled in school
during the interview year immediately following the current survey
year (1979, 1981, and 1982, respectively). Additional explanatory
variables, included but not reported, are dummy variables for: work-
ing female in household at age 14, working male in household at age
14, residence in the South, and residence in an urban area. Standard
errors are in parentheses.
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Table 2.11: Logit estimates of the probability of grade advance since the previous interview,
given enrolled in school since the previous interview

Any Any Full-Time Full-Time
Sample is students enrolled in: Grade Grade College College College
Parent with more education has -.2638 -.2220 -.2700 -.2461 -.1719
less than high school (.0774) (.0777) (.1143) (.1343) (-1679)
Parent with more education has 0341 -.0242 .0082 .0974 1811
some college (.0831) (.0845) (.1086) (.1301) (.1586)
Parent with more educsation has .1692 .0943 .0861 .1078 .2550
college degree or more (.0701) (.0719) (.0904) (.1062) (.1256)
Married 1178 1167 .3046 4804 .8987
(.0837) (.0848) (.1210) (.1602) (.2169)
Nonwhite -.2847 -.0848 -.3673 -.4142 -.5804
(.0621) (.0665) (.0847)  (.1006)  {.1229)
Age -1312  -1288 -.1181 -.0991 -.0738
(.0190) (.0193) (.0308)  (.0398) (.0530)
Education at last interview -.1810 -.1859 -.2215 -.2533 -.4952
(-0221) (.0225) (.0379)  (.0472) (.0625)
AFQT residual .0154
(.0018)
Weeks elasped since .0245 .0206 .0149 .0253 .0609
last interview (.0050) (.0051) (.0085) (.0100) (.0125)
Weeks worked since -.0095 -.0100 -.0111 -.0095 -.0094
last interview (.0017) (.0017) (.0024)  (.0026) (.0032)
Hours per week worked since -0143 -0138 -.0125 -.0111 -.0146
last interview (.0021) (.0022) (.0029) (.0033) (.0038)
Enrolled in school 1-3 months -1.090 -1.047 -1.213 -1.306
since last interview (.0837) (.0845) (.1294)  (.1629)
Enrolled in school 4-6 months -.6981 -6435 -.8411 -.9682
since last interview (.0746) (.0754) (.1048)  (.1268)
Enrolled in school 7-9 months -6195 -6173 -.6577 -1773
since last interview (.0764) (.0774) (.0941)  (.1087)
Enrolled in school > 12 months -0255 -.0228  .0459 -.1793
since last interview (.1066) (.1077) (.1375)  (.1536)
Attended last college full-time 1.029
(.0886)
Had previous long interruption -1.030 -1.024 -.9986 -1.336 -1.701
in enrollment (.0891) (.0903) (.1250)  (.1614) (.2262)
Constant 6.553 6.653 6.452 7.022 7.842
(.3388) (.3443) (.6113) (.7125) (.8701)
log L -4418.1 -43296 -24224 -1776.8 -1280.4
N 9137 9025 4950 3862 3362
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Note to Table 2.11

Data is from the NLSY, 1979-1988. The far rigl't hand column restricts the sample
to individuals who wer: most recently college students, who attended their last college
full-time (by their own definition), and who were enrolled in school for at least nine of
the months since the previous interview. Additional explanatory variables, included but
not reported, are dummy variables for: working female in household at age 14, working
male in household at age 14, newspaper received in household at age 14, residence in
the South, and residence in an urban area. The AFQT residual, an ability measure, is
the residual from a regression of AFQT score on the individual's age at the time the
test was administered, the individual’s highest grade completed at the time the test was
administered, and a constant. The results are qualitatively identical if year dummies
are included in any of the estimations, if the AFQT residual is included in any of the
estimations, if months enrolled in school enters the equation linearly instead of as a
sequence of dummies, and if a measure of the length of the interruption is included along
with the indicator for whether a past interruption has occurred. Standard errors are in
parentheses.
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Table 2.12: Logit estimates of the probability of re-enroliment before the nezt
interview for individuala not enrolled since the previous interview

Not both parents in household 1719 .1447 1323 .1133
at age 14 (.1009) (.1063) (.1034) (.1087)
Parent with more education has -.1525 -.0088 -.0624  .0037
less than high school (.0948) (.0995) (.0970) (.1015)
Parent with more education has 1229 1257 .0791 0794
some college (.1163) (.1207) (.1182) (.1228)
Parent with more education has 4798 .4823 4075 4115
college degree or more (.1047) (.1074) (.1068) (.1096)
Married -.1089 -.0792 -.1469 -.1134
(.0868) (.0885) (.0889) (.0907)

Nonwhite -.0676 -.1468 .1709 .0873
(.0845) (.0887) (.0903) (.0948)

Age -.0885 -.0818 -.0808 -.0732
(.0zi8) {.0225) (.0218) (.0225)

Education .1887 1812 .2159 2172
(.0230) (.0237) (.0231) (.0238)

AFQT residual .0204 .0202
(.0024) (.0025)

Employed at interview date -4067 -.2956 -4320 -.3324
(.0995) (.1224) (.1011) (.1244)

Real wage . -0124 -.0237 -.0199 -.0328
(-0118) (.0128) (.0124) (.0134)

Part-time 2705  .1807 1874 1977
(.1088) (.1149) (.1105) (.1163)

Wages set by collective bargaining 1373 1815 .1607 .2040
(.0895) (.0927) (.0912) (.0945)

Experience (months) 0017 .0019 .0016 .0019
(.0018) (.0018) (.0019) (.0019)

Tenure (months) -.0037 -.0039 -.0038 -.0040
(.0019) (.0019) (.0020) (.0020)

Job satisfaction low .2020 .1883
(.1957) (.1998)

Job satisfaction high -.29556 -.2869
(.0806) (.0823)

Constant -3.431 -3.535 -3.989 -4.106
(.5487) (.5721) (.5589) (.5832)
log L -3282.7 -30560.7 -3154.5 -2934.2
N 19212 18189 18621 17638
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Note to Table 2.12

Data is from the NLSY, 1979-1988. Included observations are all person-
years with complete data in which the respondent was not enrolled in school
since the previous interview. All of the job characteristics variables refer
to the most recent job as of the interview date. Additional explanatory
variables, included but not reported, are the unemployment rate in the re-
spondent’s local labor market and the following dummy variables: working
female in household at age 14, working male in household at age 14, news-
paper received in hcusehold at age 14, residence in the South, residence
in an urban area, dummies for one-digit occupation (most recent job), and
year dummies. The AFQT residual, an ability measure, is the residual from
a regression of AFQT score on the individual’s age at the time the test was
administered, the individual’s highest grade completed at the time the test
was administered, and a constant. Standard errors are in parentheses.
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Table 2.13: Logit estimates of the probability of re-enrollment before the final
interview, conditional on job and individual characteristics as of
the first interview year never enrolled in school

Not both parents in household -.0064 .0159  -.0201 -.0045
at age 14 (1235) (.1331) (.1262) (.1363)
Parent with more education has -2611  -.1921  -.1740  -.0961
less than high school (.1132) (.1230) (.1165) (.1265)
Parent with more education has 2122 .2904 .1503 2224
some college (.1374) (.1449) (.1408) (.1487)
Parent with more education has 4549 5324 .3699 4350
college degree or more (.1302) (.1366) (.1333) (.1399)
Married 0367 .1078 -.0069 0629
(.1200) (.1246) (.1226) (.1275)
Nonwhite 0421  -.0044 2867 2719
(.1007) (.1090) (.1093) (.1186) -
Age .0462 .0512 .0480 .0526
(.0384) (.0407) (.0392) (.0414)
Education .0002 .0063 0387 0497
(.0374) (.0403) (.0386) (.0412)
AFQT residual 0223 .0240 '
(.0030) (.0032)
Employed at interview date -.1573 1032 -.1628 .0902
(.1190) (.1818) (.1220) (.1850) ‘
Real wage -.0363 -.0528 -.0453 -.0649 !
(.0173) (.0189) (.0178) (.0196) '
Part-time -.0061 0481 0171 .0676
(.1256) (.1348) (.1281) (.1376)
Wages set by collective bargaining 1257 .1181 .1308 .1502 B
(.1122) (.1205) (.1151) (.1232)
Experience (months) .0036 .0037 .0030 .0030
(.0026) (.0027) (.0026) (.0027)
Tenure (months) -.0052 -.0051 -.0055 -.0054
(.0033) (.0034) (.0034) (.0035)
Job satisfaction low -.1993 -.1835
(.2782) (.2825)
Job satisfaction high -.3309 -.3065
(.1004) (-1028)
Constant -3.420 -3.636 -4.119 -4.433
(.7380) (.7879) (.7564) (.8114)
log L -1717.2 -1516.8 -1642.7 -1449.1
N 3429 3078 3322 2983
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Note to Table 2.13

Data is from the NLSY, 1979-1988. Only the first year in which a re-
spondent was never enrolled since the previous interview is inciuded in the
sample, provided that complete data is available. Thus, there is at most
one observation per person. All of the job characteristics variables refer to
the most recent job as of the interview date. Additional explanatory vari-
ables, included but not reported, are the unemployment rate in the local
labor market and the following dummy variables: working female in house-
hold at age 14, working male in household at age 14, newspaper received
in household at age 14, residence in the South, residence in an urban area,
one-digit occupation dummies (for most recent job), and year dummies.
The AFQT residual, an ability measure, is the residual from a regression
of AFQT score on the individual's age at the time the test was adminis-
tered, the individual's highest grade completed at the time the test was
administered, and a constant. Standard errors are in parentheses.
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Chapter 3

Uncertain Returns tc Education
and Transitions from Part-Time

to Full-Time College Enrollment

3.1 Introduction

Human capital models of life cycle earnings and educational investment often do not
recognize the possibility that the strength of attachment to school might vary across
students. Rather, these models commonly posit individuals as simply in school or not,
and the cost of schooling is taken to be the wage foregone by choosing enrollment
over employment. The familiarity of this framework makes it easy to imagine that
the choice between school and work truly is a dichotomous choice between full-time
enroliment (and nonemployment) and full-time participation in the labor market (and
nonenroliment).

However, this view of the nature of enrollment and employment does not describe
the empirical reality accurately. Clotfelter, et. al., (1991) report that 32% of all
students enrolled in U.S. colleges and universities in 1988 were part-time students.
The percentage of part-time students falls substantially if one restricts attention to
students under the age of 25 attending 4-year colleges and universities, but there

remains a significant fraction of the college student population that attends only on
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a part-time basis. In addition, many college students work while they are in school.
Ehrenberg and Sherman (1987) find that, in a sample of full-time college students,
between one-third and one-half of all students at 4-year colleges and over one-half of
all students at 2-year colleges are employed. Hours of work average 20 to 25 hours
per week among the group of full-time students who work. Presumably part-time
students have considerably stronger work attachment. In any event, these findings
highlight two points. First, the strength of attachment to school varies widely across
the college student population. In particular, it is incorrect to view college as a
full-time activity for all students.! Second, schooling and work often are undertaken
simultaneously.

By themselves, neither part-time school enrollment nor simultaneous enroliment
and employment are inconsistent with standard (i.e., full information and no borrow-
ing constraints) life cycle models of earnings and human capital accumulation. In
particular, if individuals can continuously vary their allocation of time to different
activities, then this behavior is easily explained. However, as Weiss (1986) notes,
even in this more general framework, spells oi part-time enrollment and simultaneous
enrcllment and employment only should be observed as an intermediate step in the
transition from full-time school to full-time work, since time allocated to school should
decline monotonically over the life cycle. Thus, one can perform an informal test of
the basic life cycle model simply by examining enrollment status immediately before
and after spells of part-time enrollment. In the next section, I consider the nature of
the flows into and out of part-time college enrollment, and more generally summarize
college enrollment and employment behavior, using data from the National Longitu-
dinal Survey of Youth (NLSY). The key finding is that the pattern of transition into
and out of part-time college enrollment cannot be reconciled with the predictions of

the standard life cycle model of earnings and human capital.?

1Unfortunately, in standard data sets, one can do no better than distinguishing three different
levels of school attachment: no enrollment, part-time enrollment, and full-time enrollment.

2There exists other evidence that suggests that the basic life cycle model cannot fully account
for observed enrollment behavior. Oettinger (1992) shows that extended interruptions in school
attendance foliowed by re-enrollment, also inconsistent with the basic model, are not uncommon.
Thus, the findings of the present paper reinforce the view that a richer life cycle model is necessary
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In light of these results, I develop a modified life cycle model that can generate
transitions from part-time enrollment to full-time enrollment as optimal behavior in
Section 3.3. The model builds on standard dynamic models of earnings in which indi-
viduals optimally allocate their time between human capital accumulation (schooling)
and work in each period. The novel feature is that whether the educational invest-
ment in any period is successful (augments the human capital stock) is uncertain,
and individuals do not know their true probability of success. Instead, the perceived
probability of success evolves as the outcomes of enrollment spells are observed. This
learning can lead to transitions from part-time enrollment to full-time enrollment as
individuals revise their beliefs. Of course, borrowing constraints offer an alternative
explanation for part-time to full-time transitions. Thus, I develop a borrowing con-
straints model as well. Section 3.4 returns to the NLSY data to test the differing

implications of the two models. Section 3 5 concludes.

3.2 Evidence on College Enrollment and Employ-
ment

I examine the college enrollment and employment behavior of youths using the Na-
tional Longitudinal Survey of Youth (NLSY). The NLSY is an annual survey of 12,686
youths who were between the ages of 14 and 21 on January 1, 1979. It is composed
of three subsamples: a civilian sample representative of the youth population in the
United States, a supplemental civilian sample of poor and minority youths, and a
sample of youths in the military. I have data for the period 1979-1988. For the anal-
ysis in this paper, I limit the sample to males from the civilian samples who were
observed to complete high school during the sample period. I follow this sample of
individuals from the survey year immediately following the year in which high school
is completed until the end of the sample period or until the first noninterview year,

if one occurs.

to explain individual school enrollment histories.
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I discard the military sample since it is followed only for a shorter period, and since
the individuals might be expected to differ substantially from the civilian population.
I limit the sample to men for two reasons. First, until very recently, men and women
exhibited quite distinct patterns of college-going behavior. Clotfelter, et. al., (1991)
present data showing that only twenty years ago the ratio of male to female college
students (under the age of 35) was 1.4. Thus, just « generation ago, women were much
less likely to attend college than men. Presumably, this difference in the frequency
of college enrollment owed to differences in preferences and constraints (private and
social) across the two groups. To the extent that differences in these primitive factors
underlying the college earoliment decision still exist today, it makes sense to analyze
college enrollment separately for men and women. A second, but related, point is
that college enrollment among women has grown dramatically over the past several
decades. Between 1980 and 1988 alone, total enrollment among women grew by more
than 10% while for men enrollment grew by less than 4%. As a result of the very
rapid growth in women’s college enrollment, today the frequency of college enrollment
among women is slightly higher than among men. Because this trend is such a
dominant feature of women’s college enrollment data over the last several Jecades
(and because it presumably represents a one-time phenomenon), it is probably less
than ideal to use a sample of women from this time period to examine transitions from
part-time to full-time enrollment. Finally, I limit the sample to observations after the
completion of high school for males who finish high school during the sample period
to ensure that the entire post-high school history is observed.

I begin by examining the frequency with which individuals have an immediate
and uninterrupted spell of college enrollment upon high school graduation. Standard
life cycle models of earnings predict that individuals who would benefit from a college
education should pursue this course immediately after compieting high school and
without interruption. However, in earlier work (Oettinger (1992)) using the NLSY,
I found that an extended interruption in school followed by eventual re-enrollment
occurs for one in four male youths at some point in their school enroliment history.

Table 3.1 shows that this finding persists even when one restricts the analysis to
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only the post-secondary enrollment behavior of high school graduates. Each of the
three middle columns of Table 3.1 represents a different enrollment pattern. The
column titled “Never in school” contains all individuals who never spent any time
in school after high school graduation. The column titled “Continuous enrollment”
contains all individuals who enrolled in college in the survey year following high school
graduation, and possibly continued in school until the end of the sample period, but
who never returned to college after going a full period between interviews with no
college enrollment. Finally, the column titled “Delay or interruption” contains all
individuals with any other enrollment history. Any enrollment history in this final
category is anomalous from the perspective of the basic life cycle model. Nevertheless,
such enrollment histories are not rare. If one follows high school graduates for four
or more years after high school graduation, at a minimum 15% of the sample has this
nontraditional enrollment sequence. If one restricts attention to those observed for
seven or more years, the proportion with delay or interruption in college enrollment
exceeds 20%. Thus, a nontrivial minority of the sample of high school graduates
exhibits college enrollment behavior inconsistent with the simplest life cycle model.
The main focus of this essay, however, is part-time enrollment in college, not
interruption in college enrcliment. While part-time enrollment, by itself, is not in-
consistent with the basic life cycie model, transitions from part-time to full-time
enrollment should not occur. Table 3.2 examines the validity of this proposition by
presenting the relative frequencies of college enrollment status in year t given college
enrollment status in year t - 1. Each row sums to 100.0 (except for rounding error),
reflecting the fact that, for each enrollment status in the previous interview year,
some enrollment status is observed in the current interview year. Unfortunately, data
on “student status” (full-time versus part-time) for enrolled students is missing for a
significant number of observations. This missing data is almost entirely attributable
to the structure of the survey questionnaire in the first five years of the panel (1979-
1983). In these years, individuals were asked only if they had been enrolled since
the previous September (the traditional start of the school year) rather than whether

they had been enrolled since the previous interview. Thus, “student status” data is
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unavailable for individuals whose only college enrollment in a given survey year oc-
curs before the previous September but after the date of the previous year’s interview.
This means that, in the early years of the panel, “student status” data is missing if
an individual is enrolled in college only near the beginning of the survey year. In
determining the relative frequency of part-time and full-time college enrollment, I
ignore the observations with missing data. Implicitly, this assumes that the relative
frequency of part-time and full-time enrollment among individuals with missing data
is the same as among those with complete data.3

In spite of the missing data, several interesting relationships emerge. Only about
5% of those who are not enrolled in college in a given interview year enroll in the next
interview year, with about 57% of those who re-enroll doing so on a part-time basis. In
contrast, among individuals who are enrolled in college part-time in a given interview
year, approximately 60% enroll in college again in the next interview year. Still, this
implies that a significant fraction of part-time students do not seek further education
in the next interview year. Given the percentages in the first row, one can conclude
that a large proportion of the part-time students who leave school entirely will never
return. However, among those part-time students who do choose to continue their
education, fully 34% of them continue as full-time students. Thus, in contrast to
the prediction of the life cycle model, there is a significant amount of transition from
part-time to full-time college enrollment.

Over 82% of full-time students in a given interview year continuve in college in
the subsequent year. Of those who remain in school, only 10% transit to part-time
student status. In addition, it appears much more common for individuals to move
from full-time enrollment to no enrollment than from full-time enrollment to part-

time enrollment. This suggests that a gradual transition from full-time to part-time

3An alternative approach would be to try to impute data on full-time versus part-time enrollment
status for those for whom this data is missing. The most reasonasble imputation rule would be to
assign the same “student status” (full-time or part-time) as the individual reported in the previous
year, if the student was enrolled in college in the previous year and had valid data on full-time versus
part-time status. Unfortunately, this imputation rule allows one to impute less than one-fourth of
the missing data, largely because “student status” data is frequently missing for the first and/or
only observation for which the individual is enrolled in college.
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enrollment status, and finally to no enrollment, while consistent with the life cycle
model, is rather uncommon in the data. Finally, comparing the frequencies of full-
time and part-time enrollment, it appears that roughly 20% of all person-years in the
sample are accounted for by part-time students. This fraction is substantially lower
than the fraction of part-time students in the entire college student population cited
by Clotfelter, et. al., (1991) but is of roughly the same magnitude as the proportion
they report when they limit their sample to just the population under 25 years of
age.

Table 3.3 examines the relationship between “student status” (full-time, part-time,
unknown) and highest grade completed as of the previous interview for individuals
enrolled in college during the current interview year. Ior an individual wko is en-
rolled during a given survey year, previous highest grade completed is simply one
grade below the grade of current enrollment. I group individuals who have completed
more than 16 years of education together because there are very few such individu-
als. If one ignores the observations with missing data on full-time versus part-time
enrollment status one can easily compute the relative frequency of part-time enroll-
ment and full-time enroliment at each previous grade level. As before, not including
the observations with missing data is entirely benign only if the relative frequency of
part-time enrollment is the same for this group as for those with complete data. Ior
the subsample with valid data, the percentages of full-time and part-time students
are shown in parentheses in the columns titled “Full-Time” and “Part-Time", respec-
tively. Within this subsample, part-time enrollment accounts for between 10% and
30% of total enrollment, depending on the level of already completed education. The
frequency of part-time enroliment declines throughout the undergraduate years and is
highest in the first year of college and the first year of post-baccalaureate education.
Overall, 20.7% of the total person-years in college (using only the observations with
valid data on part-time versus full-time status) are spent in part-time enrollment.
This agrees closely with the numbers in Table 3.2.

Table 3.4 presents evidence on how the frequency of grade advancement, given en-

roliment in college since the previous interview, varies with student status (full-time,
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part-time, unknown) and the highest previously completed grade. As was noted ear-
lier, observations with missing data on part-time versus full-time status (i.e., obser-
vations with “unknown” enrollment status) represent individuals who were enrolled
only briefly at the beginning of the interview year over the 1979-1983 years. These
students may have been either part-time or full-time students. Looking at the table,
at 15 or more years of already completed education, the frequency of grade advance
for students with unknown enrollment status looks quite similar to the grade advance
frequency of full-time students. This suggests that, at the higher grade levels, most
of the students with missing enrollment status data actually were enrolled full-time.
At 14 or fewer years of already completed education, the grade advance frequency
fo. “ose with missing enrollment status data bears much more resemblance to that
of part-time students. Given these patterns and the frequency of missing enrollment
status data in the full sample, the numbers in Table 3.3 appear to understate both
the frequency of part-time enrollment among those with only 12-14 years of already
completed education and the rate at which the frequency of part-time enrollment
declines over the college years (12-15 years of already completed education).

Restricting attention to those with valid data on enrollment status, it is clear
that full-time students are much more likely to make academic progress and/or make
progress much more rapidly than part-time students, at cvery grade level. The obvious
explanation for this difference is that a full-time academic program aliows for quicker
completion of a given set of academic requirements than does a part-time program.
However, self-selection in enrollment status may also play a role. Individuals who are
most likely to succeed in or benefit from school are probably the most likely to devote
large amounts of time and resources to school. Nevertheless, it seems uncontroversial
that a given individual would be expected to make faster academic progress if enrolled
as a full-time student than if only errolled on a part-time basis.

Finally, Table 3.5 considers how attachment to the labor force varies by educa-
tional attainment and enrollment status in the current interview year. Three different
summary measures of the strength of labor force attachment arz presented: average

weeks worked since the previous interview, average hours per week worked since the
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previous interview, and the frequency (in percentages) of “full-time” employment
since the previous interview. I define “full-time” work as working in at least 75% of
the weeks since the previous interview and averaging at least 35 hours per week in
those weeks.* A comparison across rows within a column illustrates how labor force
attachment varies with educational level, keeping enrollment status in the current
year constant. Not surprisingly, among workers never enrolled in college since the
last interview, labor force attachment, by each measure, becomes stronger as edu-
cational attainment increases. For workers with some college enrollment during the
year, this pattern is much weaker, and subject to a few qualifications. First, among
all workers with some enrollment, labor force attachment is weaker for those enrolled
in their second (or later) year of post-baccalaureate enrollment than for those earolled
in just their first year of graduate study. It should be noted, however, that at this
level of education the sample sizes are quite small. Second, for those enrolled in their
first through third years of college (previous highest grade 12 through 14), regardless
of full-time or part-time status, the strength of labor force attachment is essentially
constant.

For the present purposes, however, it is more interesting to compare different
columns within a row. This shows how labor force attachment varies with college
enrollment status since the last interview, at a given level of previous education.
Unsurprisingly, labor force attachment is always strongest for those who were never
in school since the last interview. The employment data for individuals who were
enrolled but are missing data on enrollinent status (the far right-hand column) look
much more like the employment data for part-time students than for full-time stu-
dents. One is tempted to conclude that most of those with missing enrollment status
data must have been part-time students, but such an inference is unwarranted. In-
stead, the strong labor force participation of these students follows from the fact
that, by the construction of the survey questionnaire, 2nroliment status data is miss-
ing only for students who were enrolled very briefly at the beginning of the interview

year. Since these students only had brief spells in school at the start of the year,

435 hours of work per week is also the cutoff used by the CPS in defining full-time work.
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their strong employment record over the entire year is not surprising. As a result,
though, the high level of labor force participation over the full year is uninformative
with respect to the question of whether the brief spell in school was one of part-time
or full-time enrollment.

Comparing just the part-time and full-time students, labor force attachment is
much stronger among the part-time students. In particular, weeks of employment
for part-time students exceed those of full-time students by between 8 and 21 weeks
on average. In addition, part-time students work between 4 and 28 hours per week
more than full-time students, although the median difference appears to be about 6
hours per week. However, focusing only on average differences in hours and weeks
may be deceiving. If “full-time” and “part-time” job opportunities differ meaning-
fully in terms of total compensation (as opposed to simply reflecting different labor
supply choices in response to the same compensation package), then relatively small
differences in hours and weeks of work may indicate much larger differences in job
characteristics. If one looks at the percentage of students who are “full-time™ workers,
under the definition of full-time given earlier, the figure is around 50% or higher for
part-time students, but always less than 20% (and usually closer to 10%) for full-
time students. Thus, the combination of ful]-time employment with part-time college
enrollment is quite common, while simultaneous full-time employment and full-time
college enrollment is very rare. Finally, by each of the measures of strength of la-
bor force attachment, the difference between part-time and full-time students grows
larger at higher levels of educational attainment.

In summary, then, the data from the NLSY highlight three basic facts about
part-time enrollment. First, part-time enrollment is not uncommon. In a sample
restricted to young civilian male college students, 20% are enrolled only as part-time
students. This is a significant fraction in itself, although it understates the frequency
of part-time college enrollment in the entire population, since older individuals are
disproportionately likely to attend college on a part-time basis. Second, part-time
enrollment is frequently part of an enrollment pattern that is inconsistent with the

basic life cycle model. In a sample of part-time college students in year ¢ -- 1 who
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enroll in some college in year ¢, one-tnird of these students switch to full-time status in
year t. Third, relative to full-time enrollment, part-time enrollment typically involves
slower academic progress and greater commitment to the labor force. While part-time
students are less likely to advance academically, or advance less rapidly, than full-time
students, their labor force attachment is significantly stronger than that of full-time
students. Full-time employment is reasonably common for part-time students but
quite rare for full-time students. In the next section, I present a stylized life cycle
model of earnings and human capital that can explain transitions from part-time to
full-time enrollment and is consistent with the other findings presented above as well.
I also outline a borrowing constraints model that can explain the existence of part-
time to full-time transitions, and highlight the testable differences between the two

models.

3.3 Mocdels of Enrollment Transitions

3.3.1 A Learning Model

The model takes place in discrete time. Individuals have infinite horizons and seek
to maximize the expected present discounted value of lifetime earnings (the discount
factor is B). There are N different levels of schooling, s € {1,2,...,N}. Earnings
depend on schooling according to an earnings function, y(s), which gives the per-
period earnings associated with each level of schooling for a full-time worker. Earnings

are an increasing and concave function of schooling. Thus,
y(s)—y(s—1)>y(s+1)-y(s) >0, s€{2,3,...,N-1}.

I also assume that By(N) > y(N — 1), which implies that an individual with N — 1
years of scheoling would always attend school for one final year if success in school
were assured. Together, the assumptions of concavity of y(s) and By(N) > y(N —1)
imply that By(s) > y(s — 1), for all s € {2,3,...,N}.

At this point, I depart from traditional models of schooling by assuming that
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success in school, given enrollment, is not a certainty.® Specifically, I assume that,
conditional on enrollment, each individual has a constant probability of success in
school in any period, p, which is drawn from a common underlying population dis-
tribution. Thus, p varies across individuals, but is fixed for any given individual.
One can think of p, the probability that an educational investment undertaken in any
period augments the human capital stock, simply as “ability”, and I will often refer
to it in this way. If p = 1, the individual has the highest possible ability and success
in school is certain. Thus the assumption that Sy(N) > y(N — 1) is equivalent to
requiring that an individual of the highest ability type obtain the maximum possible
education.

I also assume that individuals do not know their ability when they begin their
schooling. Instead, they cnly have noisy prior beliefs about ability that evolve as
new informaticn (the outcomes of previous terms of enrollment) arrives. In period
t, an individual’s estimate of ability is p,. A decision to attend school in period ¢
serves two purposes: first, it increases the human capital stock (completed schooling)
if schooling is successful, and second, it provides further information about ability,
leading to the revised ability estimate py4;.%

At this point, I incorporate into the model some features suggested by the empir-
ical results discussed earlier. In particular, I do not limit the choice between school

and work to an all or nothing decision. Instead, I allow for simultaneous enrollment

SAltonji (1991) and Manski (1989) also assume that success in school is uncertain at the time
that the enrollment decision is made. Altonji develops & model in which educational outcomes are
uncertain as motivation for estimating the probability of various post-secondary education outcomes
and for estimating the cz ante return to starting college. Manski assumes that educational outcomes
are uncertain as a starting point for an analysis of college dropout and the likely effects of policies
aimed at curbing such attrition. Both authors argue that the high frequency of college dropout
strongly suggests that college completion is far from certain at the time of initial college enrollment.

A convenient way to model the evolution of beliefs about ability would be to assume that ability
follows a Beta distribution in the population and that enroliment yields only two outcomes, success or
failure. If the true value of p is unknown, the prior distribution of p is Beta, and the new information
arrives as a sequence of Bernoulli trials each with success probability p, then by well-known results
(DeGroot (1970)), the posterior distribution of p will also be Beta (with changed pararneter values
reflecting the new information). However, nothing in the analysis that follows requirea that beliefs
evolve according to this specific process. In the presentation of the model, I assume that. schooling is
either a success (adds to human capital) or not, but the information content of each outcome might
be richer than just “success” or “failure”. For instance, the individual might be able to make finer
distinctions within the class of successful schcol outcomes.
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and employment. Consistent with the data, however, I assume that stronger school
attachment comes at the cost of weaker labor force commitment (see Table 3.5) and
that stronger school attachment allows for faster academic progress (see Table 3.4).
Specifically, I assume that an individual can select one of three combinations of work
and school in each period: full-time work and ne school enrollment (Option 1), part-
time work and part-time school enrollment (Option 2), or no work and full-time school
enrollment (Option 3).” An individual with schooling s and ability estimate p who
chooses Option 1 earns y(s) in the current period. If this individual chooses Option
3, current period earnings are zero and completed schooling at the end of the period
rises to s + 1 with unknown probability p (which the individual estimates to be p).

If Option 2 is chosen, the individual both attends school and works. I assume
that time is divided equally between the activities so that per-period earnings when
Option 2 is pursued are 1(29 Because school is attended only on a half-time basis
under Option 2, a successful school attempt takes two periods to complete in this
case. However, the individual learns in the first period whether the current school
effort will be successful. As before, p is the unknown true probability of success in
school, and p is the individual’s estimate of p. An individual who chooses Option 2
and learns that the current school effort will be successful continues to combine work
and school for a second period, with the stock of completed schooling increasing only
after the second period of school is finished. Thus, switching to full-time enrollment
does not occur when an individual is halfway through a successful part-time program.®
On the other hand, if a part-time schooling attempt is not successful, the enrollment
strategy can be revised immediately in the following period.

In each period, then, the individual’s choice problem is to select the option that

TThis structure is reminiscent of Burdett’s (1978) model of job search while employed, in which
a worker can choose to search but not work, to work but not search, or to work and search simulta-
neously. It turns out that the solution in the present model also is analogous to the solution of the
problem posed by Burdett.

8This assumption can be justified by assuming that full-time and part-time educational programs
are sufficiently distinct that if a switch from part-time to full-time were undertaken in the “middle”
of a part-time program, the individual would have to start the grade over as a full-time student. In
these circumstances, a student would never switch from part-time to full-time status after successfully
completing the first half of a part-time program.
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maximizes the expected present discounted value of lifetime earnings, given the cur-
rent level of schooling (s) and current beliefs about ability (p). Given s and p, one

can write the value of each option, and the Beliman equation, as

Vies) = 2
(1+ Bp)y(s)
2

Vi(s,p) = + AW + B(1 — p)Z,
V3(s,p) = AW + B(1 - p)Z,
V(s,p) = max{V'(s,p),V3(s, ), V3(s,5)},

where
W =E;V(s+1,p | p,z = success) = /P V(s +1,p)dF(p | p,z = success),

Z = E;V(s,p | p,z = failure) = ./P V(s,p)dF(p | p,z = failure).

Thus, W is the expected value of optimal behavior next period if the current period
school investment is successful and Z is the expected value of optimal behavior next
period if the school investment this period is unsuccessful. In the definitions of W and
Z, z indicates the outcome of the current period school investment, and § represents
the revised ability estimate after the current period’s school outcome is observed.
At the time of the current period decision, p is a random variable with cumulative
distribution function F(j | p,z).° I make two assumptions on F(p | ,z). First, I
assume that F(p | p, ) < F(p | p, =) for any § > p and for z € {success, failure}.
Second, I assume that E(p | p,z = success) > p > E(p | p,z = failure). Loosely,
the first assumption says that a higher estimated probability of success in school this
period makes high estimated probabilities of success next period more likely, other
things (namely, this period’s school outcome) equal. The second condition implies

that an individual’s beliefs about ability become more optimistic if school is a success

This formulation is quite general in that it allows for a continuum of poesible values of p. If
beliefs evolved according to the “Beta prior-Bernoulii trials” model, then there would be exactly two
possible values for p, one following & “gaccess” and one following a “failure”.
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this period, and more pessimistic if school is a failure.

The value of Option 1, V(s, p), is just the present discounted value of earning y(s)
in every period. If an individual ever opts for full-time work, no additional infermation
about scholastic ability ever arrives, and consequently full-time work must continue
to be the best choice. This underscores the fact that the model does not seek to
explain transitions from non-enrollment to enrollment, but rather focuses on flows
from part-time enrollment to full-time enrollment. The expression for V?(s, p) makes
clear that the individual only earns 2(211 in any period in which part-time employment
is undertaken and that a successful round of schooling takes two periods to complete
under Option 2. The value of Option 3 is given by V3(s, p).

To characterize the solution to this problem, first consider optimal behavior when
p = 0. For p, the conditional point estimate of ability, to equal zero, schooling
must be doomed to fail with certainty. Moreover, as the assumption on the updating
of prior probabilities makes precise, beliefs about ability can never become more
optimistic in response to an unsuccessful schooling attempt. Therefore, if p = 0, then
P = 0 with probability one. In this case, V1(s,0) = {-_‘_%, V3(s,0) = 1(2-'-1 + Ell_L:l, and
V3(s,0) = EIE_L";! Therefore, V1(s,0) > V?(s,0) > V3(s,0). Intuitively, at any level
of schooling, full-time work must be optimal if there is no chance of further success
in school.

When p = 1, the inequalities are reversed so that V3(s,1) > V3(s,1) > V(s,1).
The condition V3(s,1) > V?(s,1) is equivalent to (1 — B)W > (42)y(s). After
noting that W > 1&%1, it is clear that this condition must hold, given the assumptions
on the shape of the earnings function and # < 1. The condition V3(s,1) > V(s,1)
is the same as M%Mﬂ + W > {4% Again using the concavity of y(s) and the
fact that W > ﬂx%l’ it follows that this inequality holds as well. Thus, it has been
established that

Vi(s,0) > V¥(5,0) > V3(5,0), s € {1,2,...,N —1)
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and
Vi(s,1) < V3¥(s,1) < V¥(s,1), s€{1,2,...,N—1}.

Next, consider how V!(s,p), V?(s,p), and V3(s,p) vary with p.!° The relevant

partial derivatives are

aV'(s,p)

op .
TEB) - g pw - 24 %55 + 80 - D,
WVAB) _ gw—2z)+ ﬂﬁ—;;’— +B(1 - ﬁ)a—,.,-

ap

To sign 8—";(5'-"3 and 8—":,%-'22 first notice that %‘: > 0 and az > 0. These inequalities
follow from the assumption that F(5 | §, z) < F(p | p, :r) for any p > p and for
all values of p, and from the fact that V(s,p) is increasing in p. Intuitively, higher
current estimates of ability make higher estimates of ability next period more likely.
Since, for a given level of schooling, the value of optimal behavior next period must
be (at least weakly) increasing in next period’s estimate of ability, increases in the
current estimate of ability () must raise the value of optimal behavior next period
(W and Z). Also, lgﬂ + W — Z, which appears in the expression for ﬂyfﬂ, must
be positive; this term is just the difference between the value of optimal behavior for
an individual with schooling s who began a successful part-time enrollment spell last,
period and the value of optimal behavior for someone with the same schooling who
started an unsuccessful part-time enrollment spell last period. Putting these elements
together implies Eg(,,'-'ﬂ > 0. Finally, by the definitions for W and Z, it is obvious
that W > Z. This ensures that QL;(;_.ﬂ > 0 also.

To see the relationship between g%ﬂ and ﬂ;%ﬂ, note that W > '-(f;'%'l implies

Vi (s,p) _ 8V3(s,h)
Bp 8;3

- B(1- AW - (1 - B + 22

19The conditions derived below hold for each s € {1,2,...,N — 1}. At s = N, the valuc of each
option is unaffected by changes in p, since no further education can be acquired.
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8V3(s, )

T
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Thus, it has been shown that
V1(s,0) > V3(s,0) > V3(s,0), s€{1,2,...,N -1},
V(s,1) < V¥(s,1) < V3(s,1), s€{1,2,...,N -1},

V3(s,p)  OV¥(s,p) _ 9V'(s,p) . .
% > 3 > 3 =0, p€(0,1), s€{1,2,...,N-1}).

An individual always chooses the cption that yields the highest payoff. The above

results indicate that, for p near zero, the highest valued option is full-time work
while, for p near one, the highest valued option is full-time school. What happens
for intermediate values of p? There are two possible scenarios, which I call Case 1
and Case 2. For a given s, let p;; denote the value of p where V(s,p) = V3(s,p),
let $;3 denote the value of p where V(s,p) = V3(s,p), and let ps3 denote the value
of p where V3(s,p) = V3(s,p). In Case 1, p23 < pr3 < pha. In this situation, the
optimal decision rule is to choose Option 1 (full-time work) if p < p;3 and to choose
Option 3 (full-time school) otherwise. Thus, if the learning model were the “true”
model and the conditions of Case 1 prevailed, then part-time enrollment would never
be observed. However, behavior is different in Case 2, when py2 < pi3 < fza. In this
setting, the optimal decision rule is to choose Option 1 if p < 2, to choose Option 2 if
P12 < p < Pas, and to choose Option 3 if p > pz3. Thus, in Case 2, each of the different
enrollment-employment combinations are observed, with the level of commitment to
school declining as the estimate of ability falls. Finally, the concavity of y(s) implies

that V(s,p) is concave in s and therefore that py3, p13, and py; increase with s.!! In

11Gee Stokey and Lucas (1989) for details of the argument for why concavity of the one-period
return function implies concavity of the value function. An informal srgument for why pya, prs,
and P33 increase with s runs as follows. Consider, for example, p;3(s), the p,3 corresponding to
education level 5. At pys(s), V(s,H13(s)) = V3(s,515(s)). Loosely, V(s, p15(s)) is just the present
discounted sum of y(s), while V3(s, p15(s)) is a weighted average of the present discounted sums
of y(s),y(s + 1),...,y(N). Therefore, since y(s) is concave, it must be that V(s + 1, p15(s)) >
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other words, the higher the level of already completed education, the more optimistic
an individual has to be about ability to maintain a given level of schcol attachment.
This result is intuitive since the opportunity cost of education rises with completed
schooling (since y(s) increases with s), while the returns from further schooling, if
successful, decline with already completed schooling (since y(s) is concave in s).

Part-time to full-time enrollment transitions can occur in this model if the condi-
tions of Case 2 hold and if, in response to the previous peried’s enrollment outcome,
an individual’s estimate of ability increases sufficiently between periods. Analogously,
full-time to part-time enrollment transitions can result from a downward revision of
beliefs following a negative school outcome. Of course, full-time to part-time tran-
sitions also can result simply from acaderic progress. Nevertheless, early in the
college career, one would expect transitions from full-time to part-time enrollment to
be indicative of substandard, rather than superior, academic performance. This is
so because learning about ability is likely to be most pronounced early in the college
career, and the returns from staying in college until degree completion are likely to be
substantial. This suggests a testable implication of the learning mode!l. Conditional
on enrollment in year ¢ — 1, the frequency of grade advance in year ¢t — 1 should be
higher for full-time students in year ¢ than for part-time students in year ¢, even after
controlling for background characteristics, the level of previous educational attain-
ment, and time devoted to school and werk in year ¢t — 1. This prediction should hold
separately for a sample of just part-time students in year ¢t — 1 and a sample of just
full-time students in year ¢t — 1.

Academic performance in year ¢ — 1 is correlated with enrollment status in year
t, even after controlling for all of the variables (e.g., time use, previous education,
etc.) in year ¢t — 1 that determine academic performance in year 1 — 1, precisely
because academic ability is uncertain but learned over time. Academic ability (which
is only imperfectly known to the student), in addition to time use and personal

characteristics, partially determines academic success in year t — 1. New information

V(s -+ 1, 13(s)). Finally, using the fact that 8V'(s,$)/8p < 8V3(s, §)/8p, it follows that p1s(s) <
Pi3(s + 1). A similar argument works for $;3 and pa3.
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about academic ability, unavailable before year ¢ — 1 but generated by the academic
progress observed in year ¢ — 1, partially determines enrollment status in year ¢. Thus,
enrollment status in year ¢ contains additional information about ability not captured
by the time use and background measures from year ¢ — 1. Consequently, enrollment
status in year ¢ should be correlated with academic performance in year t — 1, even
after controlling for the year t —1 explanatory variables. More specifically, individuals
with strong school attachment (fuli-time enrollment) in year ¢ should have greater
academic success in year ¢ — 1 than those with weaker school attachment (part-time

enrollment) in year ¢.

3.3.2 A Borrowing Constraints Model

With the exception of two small but important changes, the borrowing constraints
model that I develop preserves the assumptions of the learning model in their en-
tirety. First, I assume that each individual knows his ability, p, with certaint.y.' This
contrasts with the learning model’s assumption that ability is unknown initially but
gradually revealed over time. If this were the only change in the assumptions, one
still would never observe transitions from part-time to full-time enrollment. Thus, the
second new assumption is that individuals may face borrowing constraints. A binding
borrowing constraint rules out full-time enrollment as an option, but not part-time
enrollment financed threugh current earnings. As in the learning model, the individ-
ual chooses an enrollment path to maximize the expected present discounted value of
lifetime earnings, although now borrowing constraints may limit the available school-
ing options. In all other dimensions, the model is identical to the learning model
presented earlier. In particular, the assumptions about the shape of the earnings
function and the possible enrollment and employment combinations are unchanged.
For the time being, assume that p is known but that there are no borrowing
constraints. As before, one can write down expressions for the value of each option
as a function of schooling, s, and ability (now known), p. Also as before, if full-time
employment is ever selected, it is always chosen in every future period, since in this

case the individual’s decision problem is stationary. In addition, though, the absence
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of learning has important consequences for behavior in the event that either schooling
option is chosen. Specifically, given s and p, if an individual ever chooses Option 2
(part-time enrollment and part-time employment), this option is continued without
interruption at least until schooling level s + 1 is achieved. Similarly, if Option 3 (full-
time enrollment) is selected, this option is pursued unbroken at least until schooling
level s+1 is obtained. Individuals behave in this fashion because, if school investment
is unsuccessful in some period, the new decision problem is exactly the same as the
one faced in the previous period. As a result, if individuals were optimizing in the
previous period, the same decision must be optimal in tke current period.

Using these results, the value of each of the three options and the Bellman equation

can be written as follows.

Vs = 2

BAPONE) 4 gy (s 4 1,p) + B(1 - p)V (2,1)
(1+8p) y(s) + A*pV(s +1,p)

1-A(t-p) 2 1-8(1-p)°’

Va(s’p) = BpV(s+1,p)+B(1- p)V(s,p)

BpV(s+1,p)

1-p(1-p)’

V(sa P) = ma.x{V'(s,p),V’(s,p), V"’(s,p)}.

Vz(sv P) =

Not surprisingly, these expressions are very similar to those in the learning model.
The only difference is that, in the current model, each individual knows the true value
of p for certain. In the learning model, individuals only have an ability estimate, p,
and, as a result, one must take account of the fact that school outcomes in the current
period will affect the estimate of ability in the next period.

By substitution, V{s,0) > V?3(s,0) > V3(s,0), for all s € {1,2,...,N —1}. In
addition, the assumption that Sy(s+1) > y(s) forall s € {1,2,..., N—1}, guarantees
that V3(s,1) > V3(s,1) > Vi(s,1) for all s € {1,2,...,N —1}. These results are

identical to those found for the learning model.
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The partial derivatives of V!(s,p), V2(s,p), and V3(s, p) with respect to p are

aV'(s,p) = 0

op
Vi(s,p) _ Bp  OV(s+l,p) B(1-B)V(s+1,p)
dp  1-B(1-p) Op (1-8(1-p)?
p? y(s)
(1-B8(1-p)? 2°
aV3(s,p) _ Bp  8V(s+1,p) 4+ BA=B)V(s+1,p)
8p =~ 1-B(1-p) p (1-8(1-p) °

Now, ﬂ(;"T‘-E! > 0 because, at aay given level of education, an increase in ability
could never reduce the present value of optimal behavior. This fact alone ensures
that a—";‘ym is positive. Combined with the result that V(s +1,p) > ﬂl"{a‘), it also
follows that %‘Eﬂ is positive. Finally, %&ﬂ > ﬂ;—‘fﬂ, because

V?3(s,p) _

_ ﬂaV"(s,p) a g’ y(s)
op

dp (1-81-p) 2~

Thus, the results when p is known and there are no borrowing constraints are
completely analogous to those when p is unknown but revealed through experience
(the learning model). First,

Vi(s,0) > V¥(s,0) > V3(s,0), s€{1,2,...,N -1},

Vi(s,1) < V¥(s,1) < V¥(s,1), s€{1,2,...,N -1},

V(s,8) | OVi(ap) | V(o) _
dp Op o

Second, and as a consequence, there exists a py3 wh‘ere Vi(s,p) = V3(s,p), a pia

0, pe(0,1), se{l,2,...,N-1}.

where V(s,p) = V3(s,p), and a p;3 where V?(s,p) = V3(s,p). Third, in analyzing
enrollment behavior, there are again two distinct cases to consider and tke decision
rule is analogous to that of the learning model. In Case 1, p;3 < ;i3 < pi2, and
the individual works full-time and doesn’t enroll if p < p3 and enrolls full-time and

doesn’t work otherwise. In Case 2, py3 < p1a < pzs, and the individual enrolls on
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a full-time basis if p > ps3, on a part-time basis if pj2 < p < p:3, and not at all if
p < p13. Finally, as in the learning model, concavity of y(s) ensures that p;2, pi3, and
P23 increase with s.

Thus, in the absence of borrowing constraints, part-time enrollment only occurs
if the conditions of Case 2 hold. However, even in Case 2, this model cannot generate
part-time to full-time enrollment transitions if no one faces borrowing constraints.
With no borrowing constraints, changes in enrollment status only occur as an in-
dividual completes more schooling and moves onto a flatter portion of the human
capital production function. Therefore changes in enrollment status are always from
stronger to weaker school attachment.!? To explain part-time to full-time transitions,
borrowing constraints must be added to the story.

To this end, suppcse that an individual faced with borrowing constraints loses
full-time enrollment as an option. On the other hand, part-time enrollment, financed
by current period earnings from part-time employment, remains a viable option for
this individual. In this setting, individuals are “constrained” only if their choice set is
limited by borrowing constraints and if, in the absence of borrowing constraints, they
would select full-time enrollment. Regardless of whether Case 1 or Case 2 applies, bor-
rowing constraints of this type generate part-time to full-time enrollment transitions.
If Case 1 holds, then all unconstrained individuals choose either full-time enrollment
(if p > p13) or no enrollment. Among the constrained individuals (who, by definition,
would choose full-time enrollment if they were not constrained), those of sufficiently
high ability (i.e., those with p > pi2 > p13) choose part-time enrollment while those of
lower ability (p12 > p > p13) prefer not to enroll in school. If Case 2 prevails, then un-
constrained individuals may choose full-time, part-time, or non-enrollment, while all
constrained individuals opt for part-time enrollment. Thus, in either setting, at least
some (and perhaps all) constrained individuals choose part-time enrollment. When

the constraints cease to bind, some fraction of the part-time students — in particular,

12Under Case 1 with no borrowing constraints, only transitions from full-time enroliment to non-
enrollment would be observed. Under Case 2 with no borrowing constraints, the set of possible
enrollment transitions would be full-time enrollment to part-time earollment, full-time enroliment
to non-enrollment, and part-time enroliment to non-enrclimeat.
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those confronted with borrowing constraints only briefly and/or those who made little
academic progress while constrained — will find it worthwhile to return to full-time
education. Thus, the existence of borrowing constraints is enough to cause part-time
to full-time enrollment transitions.

One concludes, then, that both the learning model and the borrowing constraints
model are consistent with transitions from part-time to full-time enrollment. Never-
theless, the models are not identical in their empirical implications. Recall that the
learning model predicts a higker frequency of grade advance in year ¢ — 1 for those
who enroll as full-time students in year t than for those who enroll on a part-time
basis in year ¢, even after controlling for personal characteristics and time use in year
t — 1. This relationship shouid hold both for full-time students in year ¢ — 1 and for
part-time students in year ¢t — 1. In contrast, for a sample of full-time students in year
t —1, the borrowing constraints model predicts a lower frequency of grade advance in
year ¢ — 1 for those who enroll as full-time students in year ¢ than for those who enroll
as part-timne students in year t, after controlling for explanatory variables dated at
yeart — 1.

To understand this prediction of the borrowing constraints model, suppose first
that the conditions of Case 1 hold and consider a group of students who enroll in school
full-timein year t—1 and have all completed the same level of education at the start of
year t—1. Since the students enroll full-time in year ¢ —1, it follows that they all must
be unconstrained and have p > p;3. Within this group of students, consider those who
choose part-time enrollment in year ¢. Such individuals must be constrained in year
t, since the unconstrained never choose part-time enrollment in Case 1. In addition,
they must be from the upper tail of the ability distribution of full-time students in
year t — 1 (p > p1a > p1a), since those in the lower tail (p12 > p > p1a) switch to non-
enroliment if they face borrowing constraints. In contrast, those who choose full-time
enrollment in year t are not constrained and are drawn from essentially the entire
ability distribution of full-time students in year ¢t — 1 (p > p13). Thus, switching from
full-time to part-time enrollment status between ¢t — 1 and ¢ signals not only that the

individual is borrowing constrained but also that the individual is of “high” ability.
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On the other hand, continuing as a full-time student, while indicating the absence
of a borrowing constraint, conveys much less information about ability. One can
infer, therefore, that those who switch to part-time enrollment status are of higher
average ability than those who continue as full-time students. As a result, prior to
becoming constrained, those who switch to part-time enrollment should have made
greater academic progress than those who remain full-time students, other things
equal.

Next, suppose that the conditions of Case 2 are satisfied, and again limit attention
to those with a given level of already completed education who enroll full-time in year
t — 1. These students evidently are unconstrained in year ¢ — 1 and of ability p > pys.
Within this group of students, those who choose full-time enrollment again in year ¢
are necessarily unconstrained in year t. On the other hand, those who choose part-
time enrollment in year ¢ may be either constrained (those who would prefer full-time
enrollment but face borrowing constraints) or unconstrained (those in the “middle”
ability group who optimally select part-time enrollment under Case 2). Those who
choose part-time enrollment in year t because of borrowing constraints are of the
same ability, or average, as those who enroll full-time in year ¢.13 Thus, they are as
likely to have advanced in year t — 1 as those who continue as full-time students in
year t. In contrast, anyone in the unconstrained group who voluntarily reduces his
enrollment status to part-time in year t must have advanced a grade in year t — 1; if
the individual did not advance a grade in year t —1, then the decision problem in year
t is unchanged from the problem in year t — 1, and the optimal policy from year t — 1
must continue to be optimal in year ¢. Taking the constrained and unconstrained
part-time students together, then, one concludes that the frequency of grade advance
in year t — 1 should be higher for those who switch from full-time in year ¢t — 1 to
part-time in year ¢ than for those who continue as full-time in year t, other things
equal.

Thus, the prediction of the borrowing constraints model that, for full-¢ime students

13This assumes that an individual’s ability is independent of the “susceptibility” to borrowing
constraints.
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in year t — 1, weaker school attachment in year ¢ should be correlated with better
academic performance in year t — 1 seems to be quite robust. In contrast, the learning
model predicts that stronger school attachment in year ¢ should be indicative of better
performance in year t — 1, for a sample of full-time students in year ¢t — 1. This
prediction of the learning model also holds when the sample is restricted to part-time
students in year t — 1. Unfortunately, the implication of the borrowing constraints
model concerning the correlation between grade advance in year t — 1 and enrollment
status in year ¢ for part-time students in year t — 1 is difficult to discern. The reason
for the complexity is that (at least under Case 2) part-time enrollment could be, but
is not necessarily, indicative of borrowing constraints. For example, an individual
who enrolls part-time in consecutive years could be constrained in both years, in just
the first year, or in neither year. Fully enumerating the different possible causes of
each enrollment history, and determining the probability of each cause, appears quite
difficult. Thus, although the learning model predicts that grade advance in year t — 1
should be less frequent for those who remain enrolied as part-time students in year
t than those who switch to full-time status in year t, it is far from clear that this
prediction is unique to the learning model.

To summarize, predictions about labor market outcomes have been analyzed in
four distinct theoretical settings: the learning model under Case 1 and under Case 2,
and the borrowing constraints model under Case 1 and under Case 2. Under Case 1
the learning model does not generate part-time enrollment at all, much less transitions
freom part-time to full-time enrollment, and thus is inconsistent with the observed
data. The learning model under Case 2 allows for part-time to full-time enroliment
transitions, and also predicts that individuals who move from full-time enroliment in
year { — 1 to part-time enrollment in year t are less likely to have advanced a grade
in year { — 1 than individuals who are full-time students in both years, all else equal.
This latter prediction follows because the year ¢ enrollment decisicn depends partly
on new information about ability, conveyed through academic performance in year
t — 1, which is not contained in the explznatory variables from year ¢t — 1.

The borrowing constraints model offers an alternative explanation for part-time to
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full-time enrollment transitions; however, in both Case 1 and Case 2, the borrowing
constraints model predicts that individuals who switch from full-time enrollment in
year t — 1 to part-time enrollment in year ¢ are rore likely to have advanced a
grade in year ¢ — 1 than individuals who attend full-time in both years, other things
the same. In Case 1 this prediction arises because those who switch to part-time
enrollment are constrained individuals selected from the upper tail of the ability
distribution, and therefore should have had above average success in school before
becoming constrained. In Case 2, the prediction follows because some individuals
switch from full-time to part-time enrollment voluntarily, and those who do must
have advanced in school in the previous period. Thus, the learning model and the
borrowing constraints model are empirically distinguishable.

While a testable difference between the learning and borrowing constraints models
has been highlighted, still other models can be contemplated. It is conceivable that
these alternative models might yield identical predictions to ore or both of the models
developed above. In an Appendix, I very briefly discuss two alternative models. The
first model replicates the predictions of the borrowing constraints model. The second
model appears to be a borrowing constraints model that reproduces the predictions
of the learning model. On closer examination, however, this second model implicitly
relies on learning itself. Thus, the learning model appears to have an empirical
implication distinct from those of models in which no learning occurs. I now return

to the NLSY data to test this prediction.

3.4 Empirical Tests

I begin, in Table 3.6, by presenting frequencies of grade advancement in year t — 1 for
each of the four possible across period enrollment combinations (part-time in both
years, full-time in both years, part-time followed by full-time, or full-time followed by
part-time). While this table does not control for many of the other factors that may
influence the probability of grade advancement, it clearly illustrates that there exists

a correlation between academic performance in year t — 1 and enrollment status in
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year t, even after controlling for enrollment status in year t — 1. The first row of the
table isolates part-time college students in year t — 1. Within this group, 31:5% of
those who enroll as part-time students again in year t advanced a grade in year ¢ — 1
while the percentage is 40.9% for those who enroll as full-time students in year t. A
x? test of the hypothesis that success in year ¢t — 1 is unrelated to enrollment status
in year t has a p-value of .065; thus, the difference in the probability of grade advance
is marginally significant at conventional significance levels. The higher probability of
grade advance in year t — 1 for part-time students who switch to full-time in year
t in comparison to those who continue as part-time students is consistent with the
prediction of the learning model. However, since the borrowing constraints model
makes no clear prediction for students who were enrolled part-time in year t — 1, this
finding does not constitute evidence against the borrowing constraints model.

The second row of the table focuses on full-time college students in year t — 1.
Among these students as well, the frequency of grade advance in year t — 1 is higher
for those who enroll on a full-time basis in year t than for those who only enroll on
a part-time basis in year t. For the former group, 78.8% of the individuals advanced
a grade in year t — 1, while for the latter group the figure is 60.3%. For this sample,
the x? test unequivocally rejects the hypothesis that grade advance in year t — 1 and
enrollment status in year ¢ are unrelated (p-value = 0). This finding goes against
the prediction of the borrowing constraints model but is consistent with the learning
model. For both part-time and full-time students in year t ~ 1, the magnitude of the
difference in year t — 1 grade advance frequencies for full-time and part-time students
in year t seems large.

Although the frequencies presented in Table 3.6 agree with the predictions of the
learning model, it is possible that the results simply reflect the effects of other omitted
determinants of grade advancement. To account for this possibility, I present logit
estimates of the determinants of grade advancement in Table 3.7. The dependent
variable is whether or not an enrolled college student advances a grade in year ¢t — 1.
The control variables fall into two main classes. First, I include individual char-

acteristics (measured intellectual ability, age, race, amount of previously completed
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education, etc.) and family background variables (parental education, whether the
individual comes from a “broken home”, etc.) which are likely to affect academic
performance.™ Second, I include measures of time allocated to work and school in
period t — 1. Clearly, these variables — weeks elapsed since the previous interview,
weeks worked and average hours worked per week since the previous interview, and
a measure of the number of months enrolled in college since the previous interview
— should affect the probability of grade advancement in year ¢ — 1. In addition to
these variables, I include the individual’s enrollment status in year ¢ as an explana-
tory variable. Both the learning model and the borrowing constraints model make
predictions about how this variable should be related to the previous period’s aca-
demic performance. I estimate the equations separately for full-time college students
in year ¢t — 1 and part-time students in year ¢t — 1. In addition, for both the full-time
and the part-time samples, I present the results for two different specifications of the
effect of months enrolled on grade advance. In the first, months enrolled enters the
equation linearly, while in the second months enrolled enters as a sequence of dummy
variables.!®

The estimates for the sample of full-time students in year t — 1 are of greater
interest, since it is for this group that the learning and borrowing constraints models
make different predictions. In addition, these estimates are sharper, probably partly
because the sample is much larger than the sample of part-time students. While
some of the coefficient estimates are imprecise, certain relationships stand out. Other
things equal, students from broken homes, older students, students with greater pre-

vious educational attainment, and students of lower measured ability are less likely to

The measure of ability is the residual from a regression of each individual’s Armed Forces
Qualifications Test (AFQT) score on a constant, the age of the respondent at the time the test was
taken, and the highest grade completed by the respondent at the time the test was taken. The
AFQT score is a standard aptitude measure which was obtained from a battery of tests which were
administered to (nearly) the entire sample in the NLSY in 1980. At the time of the test, the age
of sample members ranged between 15 and 22, and the highest grade completed varied accordingly.
The residual is a more appropriate measure of “native ability” than the raw AFQT score since it
compares individuals within the same age and completed education categories.

1%Separate dummy variables were created for each of the following months enrolled categories: 1-3
months, 4-6 months, 7-9 months, rnd 13 or more months. The excluded category, 10-12 months of
enrollment, represents about half of the observations.
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advance a grade. In addition, regardless of whether morths of enrolliment enters the
equation linearly or as a sequence of categorical variables, more months of enrollment
is uniformly associated with a higher probability of grade advance.!® The estimated
effects of weeks and hours at work on the probability of grade advance are negative,
as theory predicts, but these estimates are not statistically significant. Time since
the last interview has a stronger negative effect on the probability of grade advance,
although the theory offers no explanation for this finding. Of course, weeks ela.psea
since the last interview and weeks worked since the last interview are positively cor-
related. If the weeks elapsed variable is dropped, the weeks worked and hours per
week variables become marginally significant.

The key variable, however, is the dummy for full-time enrollment status in year t.
Even after controlling for the other variables, the probability that a full-time student
in year ¢t — 1 advances a grade in year t — 1 is significantly higher for a student who
subsequently enrolls full-time in year ¢ than for one who only enrolls part-time in
year t. For a representative full-time student in year ¢ — 1, the probability that no
grade advance occurred in year t — 1 is about .10 for a student who enrolls full-time
in year ¢ but about .15 one who switches to part-time in year ¢.!” This finding is
consistent with the implication of the learning model but contradicts the prediction
of the borrowing constraints model.

From the point of view of testing the theory, the estimates for the sample of part-
time students in year ¢ — 1 are less useful. Moreover, these estimates are less precise.
In light of the small sample size, the reduced precision is not surprising. Still, it
is worth analyzing the results. The effects of several of the individual and family
background variables differ from those for the sample of full-time stindents. Among

part-time students, those with more educated parents and those who are nonwhite

6 However, the coefficient estimates in the specification in which months enrolled enters categori-
cally suggest that the effect of months enrolled probably is not linear. For instance, the probability
of grade advance is much higher for those who are enrolled 10-12 months than those who are earolled
for only 7-9 months, but is virtually identical for those who are enrolled 13 or more months and
those who are enrolled 10-12 months.

'"The “representative” student comes from a two parent home, hus parents with a high school
education, is unmarried, is white, and has the mean values of all of the continuous explanatory
variables.
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may be more likely to advance a grade, all else equal.’® As was the case for full-time
students, older and less able part-time students are less likely to advance a grade,
other things the same. The effects of time spent at school and time spent at work
also seem similar to those found for full-time students. Finally, recall that the learning
model predicts that full-time enrollment in year ¢ should be correlated with a greater
frequency of grade advance in year t -1, while the borrowing constraints model makes
no clear prediction. Returning to the table, one sees that the estimated coefficient
on full-time enrollment status in year t, though positive, is far from statistically

significant.

3.5 Conclusion

Time devoted to school and work varies substantially within the college student pop-
ulation. For instance, while a majority of college students are enrolled in school
full-time, a significant fraction attend only on a part-time basis. With respect to la-
bor force behavior, although a majority of college students work while in school, some
do not, and the labor force commitment of part-time students is appreciably stronger
than that of full-time students. This large variation across students in the allocation
of time indicates that a simple choice model of full-time school versus full-time work
cannot explain the data. Nevertheless, this behavior does not pose a large problem
for life cycle model of earnings and human capital accumulation, since even slight
generalizations of the theory can explain this variation in the cross-section data.
More puzzling from the perspective of the life cycle model are the data on individ-
ual enrollment histories. In particular, transition from part-time enrollment status to
full-time enrollment status is quite common; over one-third of all part-time students
in a given year who continue in college in the following year switch to full-time en-
rollment status. In contrast to the other findings, this last one is difficult to explain

within the context of standard life cycle models of earnings and human capital, since

18This lost finding suggests that nonwhite part-time students might be of higher unmeasured
ability than white part-time students. This result would be consistent with the existence of geester
borrowing constraints for nonwhites than for whites.
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these models predict that, for any given individual, time devoted to school should be
nonincreasing over the life cycle.

This essay develops two extensions of the life cycle model that are consistent with
part-time enrollment and, more importantly, with transitions from part-time to full-
time enrollment. In the first model, the probability of success in sckool depends on
ability, but ability is unknown ez ante and only learned by observing the cutcomes
of previous terms of school enrollment. In this setting, individuals with more opti-
mistic beliefs about ability optimally devote more time to school and less to work.
A transition from part-time to full-time enrollment occurs when a successful spell
in school leads an individual to revise his beliefs about ability sufficiently upwards
so that full-time enrollment becomes optimal. In the second model, the probability
of success in school again depends on ability, but each individual knows his ability.
In addition, though, there is some probability in each period that an individual will
face borrowing constraints that make full-time enrollment impossible. As in the first
model, individuals of higher ability optimally devote more time to school. In this
model, however, a transition from part-time to full-time enrollment occurs when a
borrowing constraint ceases to bind an individual whose most preferred option is
full-time enrollment in school.

Thus, both models can explain the existence of part-time to full-time enrollment
transitions. At the same time, the models have different implications concerning
full-time to part-time enrollment transitions. In particular, the learning model pre-
dicts that a full-time to part-time enrollment transition should be indicative of worse
academic performance in the first period than a full-time to full-time transition. In
constrast, the borrowing constraints model implies that a full-time to part-time en-
rollment transition should be evidence of greater academic progress in the first period
than a full-time to full-time transition.

The evidence from a sample from the NLSY clearly supports the learning model;
ceteris paribus, full-time students who continue on a full-time basis are more likely
to have advanced a grade in the previous period than those who switch to part-time

enrollment status. To be sure, some transitions from part-time to full-time enrollment
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undoubtedly result from borrowing constraints. However, gradual learning about
ability, coupled with the sequential nature of the enrollment decision, is the prebable
explanation for most of these transitions. Thus, the present findings offer support for

the idea that individuals learn about their abilities in school.
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Appendix: Some Additional Models

This appendix considers very briefly some additional models that are capable of gen-
erating pari-time to full-time enrollment transitions. Attention is focused on their
predictions about the relationship between current enrollment status and previous

academic performance.

A “Program Completion Shock” Model

Suppose that programs of study can be undertaken on either a fuli-time or a part-time
basis. Suppose further that large-scale changes in school attachment (switches from
part-time to full-time enrollment, or the reverse) are more likely to occur when one
program of study ends and another begins. This assumption seems reasonable if some
programs can only be pursued only on a part-time basis or only on a full-time basis,
or if part-time and full-time versions of the same program are sufficiently different so
that switching enrollment status midway through a program is difficult. Finally, as
with the models discussed earlier, assume that grade advance in any year, conditional
on enrollment, occurs with probability less and one.

Under these conditions, changes in enrollment status between year t — 1 and
year t should indicate greater academic progress in year ¢ — 1 than continuity in
enrollment status across consecutive years. This prediction should hold both for
full-time students in year ¢ — 1 and for part-time students in year ¢ — 1. Thus, the
predictions of the “program completion shock” model run exactly counter to the
predictions of the learning model. On the other hand, the prediction of the program
completion shock model about the relationship between enrollment status in year ¢
and academic performance in year ¢ — 1 for full-time students in year t — 1 agrees
with the prediction of the borrowing constraints model. Notice that the evidence in

Table 3.7 does not support the predictions of the program completion shock model.
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A Scholarship Model

Consider a model of scholarships or financial aid, in which more assistance is given
to students with better (previous) academic performance. Thus, better academic
performance in year ¢ — 1 implies that one is less likely to face borrowing constraints
in year . As a result, better academic performance in year { — 1 might be expected
to increase the probability full-time enrollment in year t. Similarly, worse academic
performance in year ¢ — 1, by reducing a student’s financial aid, might lead to weaker
school attachment, on average, in year t. Thus, it seems plausible that a scholarship
model that makes borrowing constraints endogenous can reproduce the prediction of
the learning model that, conditional on enrollment status in year ¢ — 1, strength of
enroliment in year ¢ is positively correlated with academic performance in year t — 1.

In light of this model, can the results from Table 3.7 still be interpreted as evidence
for a learning-induced enrollment transitions? I argue that the answer is yes, in the
following sense. In this model of endogenous borrowing constraints, the degree of
constraint varies with prior academic performance precisely because the granting
agency learns about students through their academic performance. Thus, this model
still can be viewed as a learning model, albeit a different one than that developed in
the main body of this essay. So, while phe evidence in Table 3.7 might not distinguish
among different learning models, it does offer support for the idea that enrollment

transitions are driven partly by learning.
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Table 3.1: Frequency of different college enrollment patterns (in percent-
ages) for males immediately after completing high school, by
number of years observed after completing high schocl

College Enroliment Pattern
Never in Continuous Delay or

Years Observed School  Enrollment Interruption N _

1 66.7 33.3 — LY4

2 59.7 35.1 5.3 a7

3 53.3 35.9 10.9 92

4 57.6 27.3 15.1 205
5 40.2 46.0 13.8 450
6 40.3 419 17.8 477
7 34.6 43.2 22.2 451
8 41.0 37.5 21.5 400
9 32.7 41.% 26.1 245

Data is from the NLSY, 1979-1988. The sample is restricted to a sam-
ple of males who obtained their high school degrees during the sample
period. The table reflects their enrollment experience for the sample
period after completing high school. The column “Never in school”
consists of those individuals who attended no further schoo! in the re-
maining sample period. The column “Continuous enrollment” consists
of those individuals who began college in the interview year immediately
following the year in which high school was completed, had one or more
consecutive interview years of college enrollment, and never returned to
college (in the remaining sample period) after the first interview year
with no coilege enrollment. The column “Delay or interruption” consists
of individuals with any other college enrollment history. The percent-
ages in each row may not sum to 100.0 because of rounding. N gives
the number of individuals in each row.
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Table 3.2: Frequency (in percentages) of detailed college enrollment status in the cur-
rent interview year by detailed college enrollment status in the previous
inter view year, for males with a high school degree

Enrollment Status, Student Status This Year

Not Enrolled, Enrolled, Enrolled,
Enrolled Part-Time Full-Time Unknown

Enrollment/Student
Status Last Year

“Not Enrolled 1.3 2.2 12704
Enrolled/Part-Time 39.6 28.7 14.7 17.1 897
Enrolled /Full-Time 17.6 6.7 62.4 13.4 3481
Enrolled/Unknown 57.6 4.2 6.8 31.3 1015

Data is from the NLSY, 1978-1988. The sample contains all observations (person-
years), except for the last person-year (when it is impossible to determine enrollment
status in the next interview year), for a sample of males who already have at least
a high school degree. The table can be interpreted as a transition matrix giving the
probability of each college enroliment status in the current interview year conditionsl
on a given college enrollment status in the previous interview year (a given row).
The percentages in each row may not sum to 100.0 because of rounding. N gives the
number of observations in each row (college enrollment status) in the full sample.
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Table 3.3: Frequency (in percentages) of full-time and part-time student status
by previous highest educational attainment, for males enrolled in
college since the previous interview

Student Status at Most Recent College

Previous Highest Grade Part-Time Full-Time  Unknown N
12 20.2 56.7 23.2 2442
{26.2) (73.8)
13 17.2 67.5 15.3 13C3
(20.3) (79.7)
14 10.7 70.1 19.3 1042
(13.2) (86.8)
15 6.8 57.2 36.0 739 .
(10.6) (89.4)
16 13.0 30.6 56.5 301 '
(20.8) (70.2) -
> 16 5.0 20.0 75.0 120
(20.0) (80.0)
Data is from the NLSY, 1979-1988. The sample contains all cbservations -
(person-years) for a sample of males who already have at least a high school
degree. The percentages in each row give the frequencies of different enroll- f

ment states (full-time, part-time, or full-time versus puri-time unknown) at
each previous highest grade level. For example, the row with previous highest
grade of 12 represents individuals in their first year of college. The numbers in
parentheses are the relative frequencies of part-time versus full-time enrollment f
at each grade level. Thus, in calculating these percentages, the observations
for which part-time versus full-time status is unknown are ignored. The per-
centages in each row may not sum to 100.0 because of rounding. N gives the
number of observations in each row.
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Tabie 3.4: Frequency (in percentages) of grade advancement, by student status (full-time,
part-time, or unknown) and previous highest educational attainment, for males
enrolled in college since the previous interview

Student Status at Mcst Recent College

Previous Highest Grade Part-Time _Full-Time Unknown All
12 % Advance 244 70.9 20.3 51.9
N 492 1384 566 2442
13 % Advance 33.0 79.6 50.0 67.1
N 224 882 200 1306
14 % Advance 26.1 72.9 43.8 62.3
N 111 730 201 1042
15 % Advance 46.0 68.8 68.0 67.0
N 50 423 266 739
16 % Advaace 154 82.2 42.9 42.2
N 39 92 170 301
>16 % Advance 33.3 83.3 73.9 73.7
N 6 24 88 118
All % Advance 27.5 72.8 45.1 58.9
N 922 3535 1491 5948

Data is from the NLSY, 1979-1988. The sample contains ali observations (person-years)
for a sample of males who already have at least a high schcol degree. “% Advance” gives
the frequency of grade advance for individuals in a particular cell. N gives the number of
observations in a particular cell.
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Table 3.5: Average weeks worked, average hours per week worked, and frequency '
of “full-time work” during the interview year, by detailed college en-
rollment status and previous highest grade completed, for males with a
high school degree

Enrollment Status, Student Status This Year “
Previous Not Enrolled, Enrolled, Enroiled, .
Highest Grade Enrolled Part-Time Full-Time Unknown i
Weeks i
12 Hours 38.7 32.1 27.9 35.2
% Full-Time 65.3 51.0 10.4 45.1
N 12315 488 1374 557 -
Weeks 443 39.5 29.1 40.5 .
13 Hours 39.0 33.9 27.4 34.0
% Full-Time 66.0 49.3 11.6 49.0
N 1106 223 877 194
Weeks 48.3 40.1 20.1 42.0
14 Hours 40.9 324 26.7 32.9 . !
% Full-Time 71.5 49.5 10.2 43.7 .
N 657 109 722 199 '
Weeks 49.8 44.6 324 42.9 .
15 Hours 42.2 36.2 30.3 35.4 r
% Full-Time 71.2 49.0 17.5 42.1 E
N 226 49 417 261
Weeks 53.3 524 31.5 49.8
16 Hours 44.0 42.3 30.6 37.6
% Full-Time 84.6 84.6 19.8 536
N 772 39 g1 166
Weeks 56.6 44.8 24.3 39.2
> 16 Hours 43.0 423 14.1 31.5
% Fuil-Time 88.9 66.7 12.5 39.3
N 81 6 24 89

Data is from the NLSY, 1979-1088. The sample contains all obgervations (person-
years) for a sample of males who already have at least a high school degree.
The “Weeks” row gives the average number of weeks worked by individuals in
each cell. The “Hours” row gives the average number of hours per week worked
by by individuals in each cell. The “% Full-Time" row gives the percentage of
individuals in each cell who worked in at least 75% of the works since the last
interview, and averaged at least 35 hours per week in those weeks. N gives the
number of observations in each cell.
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Table 3.6: Frequency of grade udvance (in percentages) for college
students in the current interview year conditional on stu-
dent status (full-time or part-time) in the currentinterview
year and in the nezt interview year

Student Status Next Year
Student Status

This Year Part-Time Full-Time All
Part-Time | % Advance 316 40.9 347
N 257 132 389

Full-Time % Advance 60.3 78.8 77.0
N 232 2173 2405

All % Advance 45.2 76.7 71.2

N 489 2305 2794

Data is from the NLSY, 1979-1988. The sample contains all cbser-
vations (person-years) for a sample of males who have at least a high
school degree, who are enrolled in college in consecutive years, and
who have valid data on full-time versus part-time enrollment status

for both years.
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Table 3.7: Logit estimates of the probability of grade advance since the previ-
ous interview, given enrolled in college since the previous interview

Enrollment status this year: Full-Time Part-Time
Not both parents in household -4195 -.4343 -.3866  -.4046
at age 14 (-2682) (.2073) (.5394) (.5430)
Parent with more education has -.1578 -.1693 -0717  -.0883
less than high school (.2211) (.2230) (.4835) (.4858)
Parent with more education has .0352 .0501 -.1694 -.1727
some college (.2009) (.2018) (.4507) (.4508)
Parent with more education has -.0442 -.0153 .6144 .6228
college degree or more (.1554) (.1566) (-3556) (.3589)
Married -.1242  -.0804 -.6649 -.5544
(.3151) (.3129) (.5084) (.5090)
Nonwhite -.0973 -.0731 8777 .8345
(-1679) (.1689) (.3720) (.3774)
Age -.3369 -.3300 -.2054 -.2090
(.0537) (.0534) (.1029) (.1038)
Education at last interview -.2442  -.2360 -.0971 -.1078
(.0748) (.0742) (.1718) (.1724)
AFQT residual 0274 0272 .0281 .0270
(-0049) (.0050) (.0118) (.0119)
Weeks elasped since -.0497 -.0359 -.0850 -.0814
last interview (.0169) (.0159) (.0370) (.0379)
Weeks worked since -.0036 -.0040 -.0046 -.0043
last interview (-0036) (.0036) (.0116) (.0117)
Hours per week worked since -.0036 -.0060 -.0162 -0170
last interview (.0044) (.0044) (.0141) (.0140)
Months enrolled 3247 2107
since last interview (.0267) (.0488)
Months enrolled dummies No Yes No Yes
Er:olled full-time next year 443 4846 .13680 .1618
(.1962) (.1963) (.3201) (.3202)
Constant 11.311 14.107 8.585 10.838
(1.323) (1.383) (3.245) (3.364)
log L -808.4 -800.7 -150.3 -151.]
N 1956 1956 274 274
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Note to Table 3.7

Data is from the NLSY. The sample period covers only the years
1981-1987 because monthly enrollment data is only available be-
ginning with the 1981 interview, and the use of enrollment status
in the nezt interview year as an explanatory variable forces one
to drop data from the last interview year (1988). The left hand
columne restrict the sample to individuals who are full-time stu-
dents in the current interview yc . The right hand columns limit
the sample to individuals who are part-time students in the current
interview year. Additional explanatory variables, included but not
reported, are dummy variables for: working female in household at
age 14, working male in household at age 14, newspaper received
in household at age 14, residence in the South, and residence in an
urban area. The AFQT residual, an ability measure, is the resid-
ual from a regression of AFQT score on the individual's age at
the time the test was administered, the individual's highest grade
completed at the time the test was administered, and a constant.
The months enrolled dummies cover the following categories: 1-3
months enrolled, 4-6 months enrolled, 7-9 months enrolled, and
13 or more months enrolled. The base group is 10-12 months en-
rolled. The results are qualitatively identical if year dummiies are
included. Standard errors are in parentheses.
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Conclusion

This thesis provides evidence that learning influences labor force behavior and labor
market outcomes early in worker careers. Previous theoretical and empirical work
has shown that learning models offer an explanation for early career patterns of
turnover and wage growth. The present work shows that, in addition, the learning
framework can provide a consistent theoretical explanation for the black-white wage
differential observed in earnings data and for the volatile longitudinal enrollment
behavior exhibited by a significant fraction of youth. '

The black-white wage gap observed in earnings data can be explained by a dy-
namic model of statistical discrimination, in which the productivity of a job match is
learned by observing performance on the job and in which individuals engage in job
mobility te maximize expected discounted lifetime earnings. The model has a large
number of additional testable implications. Evidence on these predictions from the
National Longitudinal Survey of Youth (NLSY) is mixed. Certain predictions, not
shared by other models of discrimination, receive empirical support. On the other
hand, some predictions of the model, on which alternative models are silent, do not
receive support. On balance, the evidence suggests that the mechanism underlying
the learning model — that the quality of new job matches is more uncertain for
blacks than for whites — may be a partial explanation for the different pattern of
labor market outcomes for blacks and whites in the early part of careers.

Re-enrollment in school after long interruptions in attendance also can be ex-
plained by a learning model, here one in which the quality of an individual’s match
to a particular employment sector (broad occupational category) is only learned by

working in the sector. If different sectors require different levels of education, and if
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academic ability is uncertain, then individuals who optimally leave school to work in
a given sector and discover that the match is poor optimally return to school after
this fact is revealed. The model has two key implications. First, individuals who
return to school after an interruption are of lower ability, and therefore are less likely
to succeed in school, than those who attend through the same level of school uninter-
rupted. Second, those who re-enroll earn less prior to returning than observationally
equivalent individuals who do not re-enroll. These predictions receive strong sup-
port in the NLSY data. Under enough assumptions, a berrowing constraints model
might mimic these predictions, but more general versions of a borrowing constraints
model cannot. Thus, the evidence suggests that the phenomenon of interruption and
re-enrollment is partly the result of learning. At the same time, however, the data
does not warrant the conclusion that learning is the sole source of this enrollment
behavior; borrowing constraints seem to be important as well.

Finally, transitions from part-time to full-time school enrollment can be explained
by a simple learning model in which academic ability is unknown but gradually re-
vealed by past performance in school. Commitment to school increases in response
to strong academic performance in the previous period, and is reduced when past
academic performance is weak. Thus, other things equal, weaker school atfachment
in the current period should be correlated with worse academic performance in the
previous period. In contrast, a borrowing constraints model actually predicts that
less attachment to school in the current period should be correlated with stronger
academic performance in the previous period. Evidence from the NLSY supports the
learning model, suggesting that learning is an important cause of transitions from
part-time to full-time enrollment.

On balance, then, the empirical evidence offers support for the idea that individu-
als learn in labor markets and that learning plays an important role in shaping future
labor market behavior. At the same time, however, it is clear that the simple learning
models developed here offer only partial explanations for the empirical phenomena
which motivated the modelling efforts. Nevertheless, the finding that learning is a

significant consideration in labor markets raises a host of questions about the actual
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learning process. Are there cross-sectional differences in how fast parties learn? Are
there cross-sectional differences in how much parties know initially? Do these differ-
ences, if they exist, depend on observable characteristics? Answers to these questions

must await further research.
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