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ABSTRACT

This paper is an empirical investigation of the effect of poor
early life-cycle health on post-secondary educational choices and out-
comes. We use panel data for a sample of 10,430 individuals who were
high school seniors in the spring of 1972, and who were re-surveyed in
October of each year through 1976. Various health information was
collected in the base year of the survey, and we use these base year
reports as measures of health which are predetermined with respect to
educational behavior in the subsequent five years. We examine in-
dividuals' choices of post-secondary activities (which include differ—
ent types of post-secondary education and no post-secondary education),
and the rate at which individuals leave educational activities, in an
effort to determine if the behavior of disabled individuals differs
from healthy individuals, and if these differences could be attribut-

able to health problems.
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1. Introcdouction

There is a well -documented positive correlation between good
health, meesured in a number of different ways, and higher levels of
formal eduvcation (see, for cxample, Greesman, 1976). Furthermore,
it is gencrally agreed that tﬁree potential structural relations
could generate this positive correlation. In the first cese, poor
early lifc-cyvcle health may have lampered an individual's education,
thereby lesding to the subsecuent observation that individuals in
poor health tend to have lower levels of educatjon. A second
potential structural relationship may be that schecoling affects
subsecuent health outcomes. For example, individua]s_with higher
levels of schooiing may be able to work at less hazardous jobs, or
may be able to make health investments rore efficiently. This could
be in addition to any income effects whick might be indirectly  due
to schooling (see Grossman, 1972). Finally, the correlation could
be generated not by any structural relationship directly linking
schooling and healthk, but by common uﬁder]ying variatles (observed
and unobserved) determining each. -

This paper is an empirical investigation of the first potential
$tructura1 relationship above. Ve use panel data for a sample of
10430 individuals who were high school seniors in the spring of
1972; and who were re-surveved in October of each yéar through 1976,
Various health information was collected in tre base vear of the
survey, and we use these rFose vcar reports as mcasures of health

which are predetermined with respect to cducatioral telavior in the



sulscouent five ycars. Ve examine indivicduals' cloicces of
pcst-secondary activities (whick inclucde three different types of
post-secondary education and no post-sccondary education), and the
rate at which individuals leave educaticnal activities, in an effort
to determine if the behavior of diéab]ed individuals differs from
healthy individuals, and if these differences could te attritutakle
to health proklems. We find no firm evidence that the disatled
differ significantly in either their choices or thteir rate of
leaving, but there is weak evidence that the disabled chocse certain
types of post-secondary education more frequently, but leave soconer.
An important caveat should be appended: we find trat the disabled
score significantly lower on standardized tests, which are also good
predictors of educational choices and outcomes. it may te trat tle
effects of a physical disakbility are already emtodied in an
indivicdual's skills and atkilities by the post-secondary stage, and
thiat sulsequent effects may actually be minimal, or mav not tLe

otserved btecause of a prior selection process, F

H r~ e

inally, we find

w

veak evidence for higher rates of retﬁrn to eduycation for the disatbled.
As in many previous studies, tke issue of defining and

measuring disability is troublesome. One constraint is tle data,

which contain no detailed descriptions of kealth, but do centain

several cualitative ratings. For this study, vie concentrate on the

high sclool's decision as to whether or not a student is disabled:

individuals witt mental or ermoticnal protlems were excluded from the

sarmple, and sligltly over one percent of the remaining sample wcre

classified as disabled students. The criteria wlerelty such

classifications verec made are not known. Nevertheless, there are



two advantages to using such an indicator. First, sclool-reported
disabilities are likely to reflect health problems of a rmore
permanent and identifiable rnature than, say, self-rated Eea]th
status. Second, school-reported disabilities would likely be used
by the school to aﬁply for fedéra] or state aid for dicabled
students; in other words, this indicator is l1lkely to have lteen used
to identify a target population for a particular policy, and one
might argue thtat a similar type of indicator would te uced to
identify problems and target populations for future policy. The
disadvantages are thkat suck an indicator may reflect "true hcalth"
no Letter than self-rated healtk, or any other measure, ancd that
even school-reported disabilities may be sukject tc some selection
Lias-on the basis of underlying sociceconomic variables,

Section |1 below outlines a convenient model in which to
analyse educational choices and outcomes. We show that the hazard
rate for leaving a particular educational pursult may not be
independent of the selection rule which led to the cloijce of that
pursuit initially. The model presented resembtles that of Rosen and
Willis (1979). In Section 111, the data are triefly described, and
in Section IV, estimates of choice, hazard, and earnings

functions.are presented.



1'l. Education &s Scouential Choice

In human capital models with perfect foresight, or thecse in
which certainty equivalence can be involled, & direct solution for
the optimal amount of education of a certain type can be computed by
equating the presént ccsts incurred with epproprietely discounted
future graine. Coste are typically divided into direct and indirect
cests, with the former representing explicit educeticnal
expenditures and the latter accounting for the foregore income (or
at least the valuation of time) during the cducaticral period. Tlhe
eifects of a physical disability or these cests are neot urambiguovs.
Direct cests will likely be higher per unit of education, relative
tc #Healthy individuals, and in the atsence of special assistance,
due to recuirements for special equipment or extraordinary
provisions, for instance, Indirect costs may be higher or lower:
lower opportunity costs for the disabled (because of restricted
market opportunities) would encourage higher levels of educat ional,
but this may be partially or wholly foset by greater calendar time
reguirements to complete a given level of education. Similarly, the
tenefits of higher levels of education for disabled persons,
compared to those without a disability, are also ambiguous. One
must remcmber that benefits are individual-specific, and are
mcasured by the individual-specific benchmark of earnings had a
particular ecducational choice not keer made. If higher cducation ic
a8 substitute fcor other more physical aspects of huran capital, such

a@s geood hecalth, then the rate of return to higler education could be



higher for the disabled. Conversely, if higher c¢ducation is
complementary to good healtk, the rate of return would be lower, In
short, while conventioral theoretical models are useful insofar as
they are convenient vehicles for illustrating the dimensions of the
problem, they provide little guicance for what one might expect to
find in cata, so that the guestion of the effects of a physical
disability on educational choijces is largely empirical.

A useful extension to these models for purpcses of aralvzing
educational cecisions is to postulate that post-seconrncary education
is regarded by individuals as a problem in secuential choice,
whereby individuals may choose to participate in one of several
types of education, or to not participate at all. Such choices may
. be re-evalusted periodically, with the result that education may be
commenced after a period of absence, terminated, or continued in
some different program. Relative to the initja] reriod, ttese
decisions may be either anticipated or unanticipated, since it is

da H H .
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reasonable to assume tha

e

11 be made conditional on new
informapion (e.g. successes or failures in different alternatives).
In terms of utility maximization, a particular alternatjve Ai will
be chosen in a given period if the expected stream of lifetime
utility, appropriately discounted, given that Ay is chosen, is
grcater than the expected stream of utility given that any other
alternative is chosen.l

Consider the following two-pericd model with alternatives A

4

i=1,2,...,m. Let utility in period j under state Ai be dcnoted



Vij = Vij (Aj;)'/xljleij) ’, j 1’2 ’

where XJ is @ vector of predetermined varjables (which may include
previously chosen alternatives and‘their results, end where eij is a
random component specific to individuals and unrelated to Xj' This
representation for utility may be viewed an an irdirect vtility
function embodying the costs and benefits essocieted with different
alternatives. Then, expected 1ifetime utility, evaluated in the
first period and given that Ai is chosen in the first period, is

given by

¢)) EU(Ail) =V + r E max(V

/A )
il x k20l

where r is a discount factor, and where the second term on the
right kand side is tke expected maximal second period utility, given
that Ai was chosen in the first period, that a numler of
alternatives are available in the second period, and that sccond

period utility is random (because of the It follows that A

Cpz ) - 1
will be chosen if and only if EUCA;)) is maximal with respect to the
set of first period alternatives. Formulated in this fashion, this
choice problem is an example of a discrete-time/discrete-state
dynamic programming problem, which can easily be extended to more
than two periods.

Since utility is random (because of the individual/state

factors eij)' the choice of Ay for any particular individual is a

rancom cvent, and the protability that Ai will te chesen is given by



(2)  P(Ay) = PLEU(AI>EUCA), 3#11

where the time index is discarded for notational simp]icfty.

The difficulty, however, is that (1) is difficult to parameterize excep
for a few special ceses. In the first instance, the distribution of
the random variable EU(.) is difficult to derive. Even under tkhe
assumptions that the V..(.) are linear and the eij are normal, this
normality will not be preserved in the random variable max(sz/Ail).
in the second instance, even if the marginal distributions for

each of the EU(.) can ke derived, the protability given by (2) is

the probability of a maximal event, and its evaluation requires the
derivation of the joint distribution for the set of random variables
EU(Ak), k=1,2,...,m. These random variables will not in general be
independent, even if the e y are indepgndent]y distributed across
states, because valuations of future period utility under qiffefent
current states are likely to be correlated. .

Thi trative model is intended not so much to shkow the

.
yis iVlu

73]

difficulty of parameterizing ;he choice-problem as to indicate a
possible relationship between the choice protabilities and the
subsequent hazard rates, due to a self-selection tias. The hazard
rate (i.e. the probability of leaving an activity) is determined by
the individual's valuation of second pericd utility in this simple
model, and the hazard function would express the relationship of V
to the event of leaving the initial state. Lecaving, of course, may
be anticipated or unanticipated, depending on both observed
variables and random effects( The protlem is that only a subsample

is olscrved to ever have entered a particular initial state, and



that this subtsample is self-selected on a besis that may prejudice
estimation of the hazard function.

Self-selection is only a problem if the random component OF
utility is not independent between periods; otherwise, we might
think of each period's choices asvconstituting independent events,
after conditioning on the observed variables determining these
choices. However, if utility is serially correlated in its random
comporent, the independence of intertemporal choices vanishes. For
example, an individual may value a particular alternative highly
because of certain predetermined variables X, or because of a

particular configuration of the e i=1,2,...,m. It follows that

11~

the expectation of these random variables will not in general be
zero, given that A for instance, is chosen: the expectation of
es1 is likely to be positive, while the expectations of ekl,l#l, are
likely to be negative. For.the subset of

individuals who have chosen A,

5o if the €y. are serially correlated,

is not hard to see that this

—
ot

then E(e-

Ajf Moreover,
conditional expectation may be relaged to the set of predetermined
variables g, so that failure to take account of this non-zero
expectation may bias estimation of the hazard‘function.2

Given the difficulty even in this simple two-period case of
pParameterizing the distributions associated with the events Aj'
i=1,2,...,m, it would seem to be nearly impossible to derive an
exact representation for the above cornditional expectation,
dowever, a linear (wide sense) conditional expectation in the
scnse of Loob (1953) is not difficult to write, and has the advantage

of being empirically tractable in cases when exact representations are

¢



Let 2z be a set of sufficient statistlics for the choice of
first period alternatives AjI j=1,2,...,m; then, from the definition

of Eayesian sufficiency,
(3) E(ejzlz) = E(ejZ/Akl) ¥ j,k .

Assuming that the underlying distribution generating thke events Akl
3

is regular in the sense of Dynkin, then by Dynkin's lemma the log

likelihood function is a sufficient statistic for the event Akr for

each observation.4

Letting L denote the log likelihood function
for a particular individual, the linear conditional expectation

can te written
| | Iy -
(3") E(ejZ/Akl) = a + bL ,

where a and b are in this case unknown parameters. While (3')
may not be a completely accurate rcpresentation of the Ytrue®
conditional expectation (3), it is computationally convenient,
especlally in cases of non-dichotemous or non-normal selection
rules. Furthermore, since L is a sufficient statistic for the
prior selecting event, a Taylor series expansion of (3) is
equivalent to a polynomial function in L, and (3') can be vicwed

as the special case where only the first two terms are included.
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The data used for this study is a subset of the Natijonal
Longitudinal Study of the High School Class of 1972. In this panel
survey, approximately 21,000 Bigh school seniors were surveyed in
the spring in 1972 just prior to graduation, and re-surveyed in
October of each year through 1876. The criteria for inclusion in
the sample aralyzed in this paper are that the individual is a
nbn-minority student and that relevant information from all panel
viaves exist. In addition, students with reported mental or
emotional handicaps are excluded. The final sample size is 10,430,

Several health questions were asked in the base vear survey,
zlthough a professional evaluation of the student's health was not
part of the survey. Limited health information (as it related to
post-secondary activities) was also collected in the fol]ow—up-
surveys, but since this study aims at estimating the effect of poor

health on post-seconcary activities, we ensure that our measures of

health are predetermined with respect to these activities by using
base year measures only. For the reasons mentioned earlier, primary
emphasis is on a school-reported disability indicator, which also
includes limited information on the nature of the disability. Tatble

1 presents descriptive statistics for selected variables for the

sample as a whole, and for those subsets of the sample which are

school-reported disabled and self-rcported disabled.
Self-reported disabled is defined as the student recsponding

positively to the guestion of whether poor health interferes with



THBLE 1
Means and Stancard Deviations (in rarentheses) of Variables

School-Reported Self-Reported

Full sample Disabled Disabled
Variable . ) .= 10430 . n = 120 ) n = 461
Female dummy ‘ .508 .475 . 345
SAT-Verbal score (for those 466, 345 446,464 451.758
with valid SAT scores) {333.518) (365.075) {367, 081)
SAT-Quantitative score (for 499,656 476,107 480.590
those with valid SAT scores) (356.687) (289, 405) (290.103)
No valid SAT dummy .679 . 767 -777
Reading score 52,322 47.908 49,751
(9.259) (10.277) (9.792)
Math score 52.397 48.267 49.855
(9.3243) (10.489) (9.650)
Parent's income 132,94 132,86 132,94
(1972; 100's) (56.64) (61.75) (56.58)
Rural dummy (1972) . 066 .075 .100
Large city dummy (1972) ] .759 . 742 .720
Father - some p-s education dummy .437 .425 - 447
Mother - some p-s education dummy .358 - .383 -377
school-reported disability dummy .012 1.0 .089
Self-reported disability dummy . 044 .342 1.0
First p-s education at 4-year
college or university dummy .366 .258 .260
First p-s education at junior
college dummy 175 .217 .176
First p-s education at vocational/ X
technical school dummy _ .145 .167 .171
No p-s education dummy .314 .358 . 393
Years out before starting p-s .343 .221 .421

education (for those with (0.774) (0.468) (0.953)
‘'some p-s education) :




his/her education. MNot surprisingly, a significantly highter
proportion of students self-report a disability than are
"officially" disab1éd, according to school records. This may be
indicative of transitory health problems, or perhaps a
self—réporting bias induced by other school-related difficulties and
not actual kealth problems, What is more surprising is that the two
categories are only mildly correlated: only 34 percent of those who
are school-reported disabied clessify themselves as disatled. This
may te a reflection on the validity and accuracy of self-reported
health data.

Aside from their post-secondary actvities, the major
differences between.the full sample and the disablea sutsamples are

I2.t2st scores, in both SAT scores for these who took the test, and

(18 4

in the reading and mathematics tests administered by the survey.
There are no ]arge differences in either parental education or
family income between the disabled and healthy. This is a somewhat
surprising finding which runs counter to previou5~evidénce.5 Besides
test scores, the other major differences between the disabled and
healthy are in post-secondary activities. Rather than index each
post-secondary activity by time as well as type, we choose to define
activity streams according to first experience with post-secondary
education, ahd then record the duration of particular streams,
Specifically, we define four post-secondary alternatives: (1)
university education; (2) junior college education; (3) vocational
or tcchnical education; and (4) no post-secondary education. Since

timing aspects of education are ignored, an individual is defined to



have chosen a particular cducational stream (i.e. one of the first
three above) if the first experience with education is of that type.
The fourth alternatfve is a residual category, and also presumed to
be an atsorbing state.

It is_apparent from Table 1 that the educational choices of the
disabled, as defined by place of first experience, are
different than those of the full sample. In particular, university
choices are made less often, and other educational and
nor-educational choices more often. Whether this is due to
disability, or to other varilables (such as the lower test scores) is
a central empirical question; the first part of this empirical
analysis deals explicitly with this question.

Since the focus of this study is on school ~-reported disabilities,
and since the number of individuals in this category is relatively
small, the power of any tests attempting to distinguish differ-

ential behavior of the disabled and the healthy will be low.

significance, or else empirical results can be faken as suggestive
only. For example, with regard to low testing power, despite the»
‘indication from Table 1 that post-secondary ecducational choices of
fhe school-reported disabled are different, the null hypothesis that
tﬁe disabled and the healthy have the same cholice probabilities can
be rejected only at the 70% level, based on a ‘Xz test with three
dcgrees of freedom. |

The second part of the empirical analysis focusses on the time

spent in cach defined educaticnal state. Time is accounted by



counting one year for each yea} of full-time study, and ore-half
year for each year of pért-time study. As mentioned above,
educational states are defined as'streams, so that cases where
subsequent education is of a different type than first
post-secondary education are in é-sense misclessified.
Investigation of these data has shown that instances of such
education switching occur relatively infrequently, except for
individuals who move from junior colleges to universities. For
exaﬁple, between the first and second year after high school, about
six percent of first year enrollments switch type in the second
vear, and one-third of these switch from junior college to
university. The proportion between the second and third years is
by percent (of second year enrollments), and two-thirds of these
make the junior college to university switch. In subsequent years,
about two percent switch-type. While the aralysis of duration ‘
assumes constancy of educational type, this imperfect assumption
seems unlikely to seriously affect any main results, It is
nevertheless important to remembter especially that the junior

co]lege alternative in this analysis is for some individuals a
combtiined junior college and university education.

The third part of the empirical analysis examines 1976 earnings
for those engaged in full-time work in Octoker of that vear. Clearly,
this presents a potentially serious selectivity bias, since it in-
cludes only 60 per cent of thre original sample, the remainder Eeing

either in school, in part-time employment, or uncmpleoyed, This

selectivity could be particularly sericus with rerard to the disabled,
' !
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who are likely to be under-represented in this subsample, so that
findings regarding the effects of a disabillity should be viewed
with this possibility in mind.

The measure of work experience was computed in the same
fashion as the duration of education measure, with full-time work
counting for one year, and part-time work for one-half year. Other
variables, such as marriage and marriage plans, are strongly related
to post-secondary activities, but have been excluded from this
analysis since it is likely that they are part of a more complicated

structural model, whick is beyond the scope of this study.

IV. Estimates

A . Choice Functions

The model outlined in Section 1l does not point to any specific
statistical methodology for the analysis of the educational chojce
problem, either in terms of parametric families of distributions or
required broperties of choice rules. The random utility formulation
of the problem, however, has been used in conjunction with a

polytomous logit representation of choice protabilities, and we
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foliow this gerera) methodology in this rpeaper. Two different
logistic models are investigated , correspording to different
assumptions regarding independence of irrelevant alternatives (118);
we find the implications of each to Le sukstantially thre same, with
“the model whose null hypothesis is extreme 11A being marginally
superior in terms of a comparison of the likelihood functions at
their respective maxima.

Ve assume that, given m alterratives, the protability of

choosing the ith alterrnative, conditional on a variable (or vector
of varisbles) X, is given by
m
< P(A 9 = exp(X8,)/ I exp (X8, )
k=1

where the 8k are conformable to X, and where the Bk satisfy the

icentifying restriction

Incorporating this restriction into {4),. the parameter space for the
unconstrained problem can be denoted by 8 =(81,82,.8m_1. Then, for
the jth observation, define c(k,j)=1 if alternative k is chosen, and

c(k,j)=0 otherwise. The log Tikelihood function for the jth

observation then can be written

m .
= k,j) log P (A ) ,
(5) Lj(X,B) k§1C( Jj) log j( k).



- 15 -

where tte prohabi]ities P are given by (4). 1t follows immediately

that given a rendom sample the sample log liltelilood funct;on is

N m '
- L(B) = ¢ L c(k,j) log P (Ak) v
3=1 =1 | 3

where N is the sample size.§

Ve can use the general method of Jennrich (13€9) to transform
this maximum 1ikelihood problem into one of non-lirnear least
’squares. Since the probabilities given bty (4) are by construction
in the open unit interval, and since (5) contains one and only one

non-zero term, Lj Is negative definijte. Furthermore, from (4, it
Is easy to verify that L_1 s a monotonic function of each of the

-glezents of B . Define

f.(X,B = (-L )1/2 : . .

b b
and let y=0. Since Lj is monotonic in B, so is fj. Now define
uy =y - fj(X,B) ;
N
it Is immediately apparent that minimlizing £ uy is equivalent to
i=1

maximizihg the sample 1ikelihood function.

Table 2 shows the results of this method whken applied to two
CLbOM different logistic formulations of the choice problem. In tke
hele first, reported as colunn (a), individuals are presumed to choose

among the four defined alternatives when all are in the choice set
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simultancously (extreme I1A). lost of the effects of socioeconcmic
variables appear as expected, particularly in the eouations defining
the protability of unlversity enrollment and no post-secondary
education.  Higher quantitative ability measures, family income,
parents with some post-secondary4education, and urtan residence are
all significant positive contributors to chodsing university
enrollment, and to a lesser extent, junior college enrollment.

The coefficients indicate that disability has no effect on
educat ional choices which is significant at conventional levels,
once other variables are controlled for. At much lower levels of
significance, there is some evidence that a disability encourages
Junior college enrollment and discourages the alternative of no
nost-secondary education. There may be two interpretations of this
finding. One is purely statistical, in that the standard errors
associated with the disability coefficients are inflated because
disabllity is a relatively rare event in the sample, and the
information passed in the "disabled" observations is swamped by t
from the "healthy" observations, so that the power of statistical
tests on these coefficients Is low.

- The second and more straightforward interpretation is that the

post-secondary choices of the physically disabled are not
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systematically different.tkan those of healthy individuals. An
intensive examirnation of the disabled sutsample alone secmed to
indicate that this lack of systematic effect may stem not from there
being no differences in the behavior of the disabled énd lFealthy,
but from the choices of the disabled being more difficult to
predict: the logit model applied to the disabled sutsample 2lone
vas not significanty(jifferent thkan a pure random chroice model with
no predisposing variables. This lack of systematic belavior was
é]so present even when different types of disatilities, including
vision problems, speech and heafing problems, and crippling
disabilities, were added to the set of predicting variables.

Column (b) in Table 2 reports the parameter estimates of a
2071 which partially relaxes the.extrcme'IlA assumption of the
original logit model. The model (modified I11A) presumes a two-stage
decision procedure on the part of individuals, with the -
probabilities at each stage being describted by the logistic

age decision is whether or not to engage

distributi t

Q
rt

[ =4
s S

n, The f
in some kind of post-secondary schooling, with the second stage
determining what type of schooling conditional on the first stage
decision. Accordingly, the estimates reported for the '"No
Post~Secondary Schooling" alternative are dichotomous logit
coefficieﬁts, and those reported for the three sctooling
alternatives are polytomous logit coefficients, again 2ssuming 11A
among these three alternatives.

The same cualitative picture cmerges for all variables, and

@gain there is weak evidence that sone sclooling alternative is
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preferred by tle disabled, Farticularly junicr collece. The two
mecdels, of course, do not constjtute a ncsted hypothesis, so tlat
one cannot be tested aS a restriction on the other. In any‘case,
their predictive powver fs neérly the same (w?th t%e same number of
degrees of freedom), with the log likelitiood of the extrcecme 1IA
model being-10893.2 and that of the modified 112 rodel keing-10910.5

at their respective maxima.

BE. Hazard Functions

ost ecoromic work has treated education (post-secondary or
otherwwise) as a homogeneous good, and Las focussed instead on
duration of educational activities. 1n this section, we estimate
-the effect of a physical disability on duration for cach of tlre
three defined educational alternatives. Since the data contain
censored observations (approxirately 35 percent of the individuals
ever enrolled in post-secondary education were studying in October,
1976 -- tbose not studying in 1976 were presumed to have completed -
their education), methodoloéies for apa]yzing completed spells, such
as those suggested by Heckman and Borjas (1980) are inéppropriate,
and we are forced to draw inferences regarding duration from an
ana]&sis of the hazard rate and its dependence on disability and
other variables.

The hazard probabilities suffer from the same difficulties of
parameterization as the initial choice probatilities, for tke reason
that they are both determined by the same sequential choice model.

Complicating the kazard proklem vet further is the nptioh that
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ecucation is "lumpy,” or has defined units of achicecverent which ray
affect the final distribution of educational duration timees. The
implication is that the hazard rate may not be smooth in the usual
sense. For example, in a four-year cé]lege program, the hazard rate
may be low after three years, and extremely high after four. All of
this suggests that it would be Lkardly defensible to impose any
particular parametric scheme either on the hazard rate, or on the
conpleted durations, should they be otserved.

| VWle adopt instead Cox's (1972) prdport?ona] hazards model which

is distribution-free, but which still preserves the parametric

- notion that different variables may shift some transformation of the

duration (or survival) distribution in a parallel fashion. It

should te noted again that for purpcses of this model activities are

cefined by first type of post-secondary education, and that ex{ts
are defined only by leaving pcst-secondary education, and not by
switching types. Finally, as developed in Section 11, the
seif-selection problem is taken account of by including as an
explaratory variable in the hazards model the log likelihood
function of the choice problem for cach observation. The extreme
1A model was used, so that the log likelihood function reduces to
simply the log of the probability of making the observed cloice of
alternati?e. In addition to the log of the probability, the same
set of predetermined variables as used in the choice problem were

included as explanatory variables. The results are rcported in

" The largest effects on the hazard rate are gererated by the



THBLE 3

Proportienal Hazards Medel (Years P-S Scheoling)

Vocational/

Junior Technical
University College School

Variable _ . n = 3817 ..n = 1827 n = 1509
Female dwmy . . 147 .183 .180
(. 045) (.062) {.0863)
SAT-Verbal ;.0014 -.0008 -.0003
(.0004) {.0008) (.0009)
SAT-Duantitative . 0006 . 0002 . 0003
{.0004) (.0009) {.0009)
No SAT dummy -.294 -.048 .454
(.198) (.496) {.390)
Reading score -.002 -. 006 -.005
(.004) {.004) (.004)
Math score -.010 -,021 -.101
(.006) {.004) (.004)
Parent's income (100°%s) -.0013 -.0003 .0002
(.0005) {.0006) (.00086)

School-reported disability .132 -.226 -.061
dummy (.226) {.236) {.247)
Rural dummy (1972) .691 -.076 175
: {.222) €.196) {.132)
Large city dummy (1972) -.546 ‘=-,537 -.332
(.184) (.154) {(.091)
Father - some p-s -.054 -.117 .026
" education dummy {.053) (.065) (.072)
Mother - some p-s -.098 -.175 ~.204
education dummy {.051) (.063) (.070)
Log (probability of making -.219 -.057 .285
the observed choice) (.113) (.154) (.140)
Censored observations 1,659 562 311
x2 (13 a.£.) ' 302.44 159,97 173.42
Average years of p-s education 3.140 2,393 1,553

a .
Standard errors are in parentheses,



- fermale dummy veriable (women had a higher hezard rete than men), bty
tte location durmies (residents of large cities had a lower rate),
and by the parental educational variables, especially for the mother
(2 Yower rate for those whose mothers had some pest-secondary
ecducation). Test scores hzve some influence in tke cxpected
direction, es dces family income for those atfending 8 four-vear
college or university.

As in the choice problem, the dicability effects are arbiguous,
and in no case significant at corventional levels. It is
interesting to note, however, that junior colleges, which were
marginally more attractive to those hith a disability, also have
lower hrazard rates for the disabled, significantly different from
zero at the 60 percent level. These two findings, albeit weak,
migﬂt be indicative of locatioral convenrience or pregram flexibility
in junior colleges, thereby making this alternative relatively more

attractive for longer periods of time. Tke lower hazard rate also

"
)

~ 1 P

& relativ

@

suggests continuation .into a four-year college, but t ly

sma31l semple of disabled choosing this alternative prohibits
comparison of switching rates into }our—year colleges.

The estimated probabilities, Included to control for possible
self-selection bias, are significant in the university and
vocational/ technical hazard functions, but in the latter with a
positive sign. This implics higher hazard rates for those mére
likely to chocse that alternative. This result may not be unusuval

if the vocational/ technical alternative is predicted to be an

educational cltoice for the unsuccessful, so that high protatilities



of clolce might be associated with poor prospects for performance.
=" The issue may be one, thten, of micspecification of the initial

choice probabl]ities.‘

C. Earnings

The ultimate question of inferest which underlies much of this
analysis of educational choices is that of final outcomes, in terms
of employment and earnings. A typical empirical finding is that the
disabled as adults earn significantly less than the healthy, because
of both lower wage rates and fewer hours worked. The evidence for
this finding in this case is not so clear-cut, as shown by the
estimates of a weekly earnings function for those engaged in full-time
tﬁQL!work in October, 1976. These estimates are presented in Table &,

Q

:&WM+ There is weak evidence for lower earnings, but also evidence

3

Y\e'e that these lower earnings can be partially offset by higher rates of
return to education for the disabIedl Rates o% return average
about 3.5 per cent for those who are not disabled, and the point
‘estimates indicate an average incremental rate of return of about
8 per cent for the disabled. This increment, however, was only
narginally significant for the university subsample. loreover,
this finding may be an artifact of the selectivity protlem mentioned
earlier.

To partially correct for such a selectivity problem, the log

of the choice probability was included as a regressor in the earnings

function, following the similar specification corrections of

~ Heckman (1979) and Rosen and Willis (1979). The estimates, also
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TrBLE 4

Zarnings Function®
.n=6229
Equation 1 Equation 2
. Regression Regression
Variable Coefficient t Ratio Coefficient t Ratio

Female ~.274 ~26.31 -.273 ~26.30

Reading score -.0011 -1.50 -.0011 ~1.57

¥ath score . 0039 5.38 .0039 5.36

School-reported disability -.445 -1.76 ~-.447 ~1.77

Rural . 029 1.36 .029 1.37

Large city -.0032 -0,23 -.0065 -0.45

University education . 029 5.60 .031 5.73

Oniversity education and

disability interaction .083 1.23 .082 1.22
" Junior college education _ . 027 4.11 .025 3.80

Junior college education

and disability interaction .017 .0.16 .015 0.14

Vocational/technical education .036 4,42 .032 3.77

Vocational/technical education -

and disability interaction .068 0.90 .068 0.90

Experience .051 8.90 .050 8.82

Experience and disability

interaction . 087 1.27 . 087 1.28

Ln. of probability of

educational choice - - ~. 001 -1.20

2

R .1346 .1348

aDepende'nt variable is ln (weekly earnings).
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reported in Tabtle 4, indicate no substantial difference between the
two specifications, and‘the correction term appears with a small and
insignificant coefficient. It should be noted, however, that this
lack of effect may be due not to the absence of selectivity bias,
but rather the source of such bias, which may arise from thke hazard
functions and not the initial choices. Since thke hazard functions
are not explicitly parameterized, a correction for this source of
bias is not possible.

| In addition to the earnings data, preliminary evidence suggests
that the disabled have significantly higher unemployment rates. The

implication from all of this is that questions of disability and

education cannot be fully answered in lisolation from early labor

force experiences.

V. Conclusion

lost of the questions addressed in this investigation are

descriptive., Whisle it at times is hard to define common wisdom, our

findings in response to these descriptive questions do not always

agree with what one might think is common wisdom. In particular, at
conventional levels of statistical significance, we find no
systematic differences in the educational choices and progression
between the physically diéabled and the healthy, once other
variables are accounted for. The disabled do not enroll in
universities less frequehtly, nor do they enroll in vocational or

technical programs more frequently. At lower levels of



significance, we find some prefcrence for educatior beginning at the
Junior college level, with longer stays in such programs.

tle also find weak evidence for lower earnings for the disabled,

but also higher rates of return to post-secondary education.

Of course, our analysis is only partial. We lave ignored

virtually all timing aspects of the educatioral process, and we have
examined educational choices without regard to finer aspects of

educational quality or to explicit costs and ternefits of different

programs,
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Footnotes

*
Research for this paper was supported by a grant from the Spencer
Foundation to the National Bureau of Economic Research.

1Th:l.s multi-period choice problem collapses to a single-period

problem in the presence of perfect foresight.'

2The relationship of the conditional expectation to the predetermined
variables X can be briefly argued as follows: suppose Ai is chosen in spite
of an unfavorable value for X. It follows that Ai must have been chosen on
the basis of a very "favorable' random component, which will be reflected in
the conditional expectation. For a more detailed presentation of the selec-

tion problem in similar contexts, see Heckman (1979) and Rosen and Willis

(1979).

3See Zacks (1976), pp. 61-93, for a discussion of sufficiency as it
relates to conditional distributions.

AWhich it will be, provided the distributions of the underlying e

are continuous and differentiable.
5See Grossman and Edwards (1979) and Shakotko (1980).

6See Dhrymes (1979) for a more complete discussion of the polytomous

logit model, and its relation to models of random utility.
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