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ABSTRACT

In this study a model for the supply of ccllege
educated labor is developed from human caplital theory. A
demand model is added, derived from neoclassical production
function theory. Empirical estimates are made for white
males and white females, usling cross-sectional dafa on

' states of the U. S., 1950-1970.

In human capital theory, education is an investment
in future inccme streams. Measureﬁents have been made of
the monetary rate of return associated with college educa-~
tion. In this study the human capital model 1s extended by
testing the investment theory of education as an ex ante
behavioral theory. The hypothesis 1s that the private
maerket benefit from college education has a positive effect
on the future supply of college educated male workers, gnd
that the private cost of college has a negative effect. The_
market benefit is the discounted difference in the earnings
of college vs. high school educated workers over the employ-

‘ment lifetime. The cost is direct costs such as tultion
and fees, and earnings foregone while a student.

Other supply determinants are the stock of high
school graduates available to go to college,and family
income and government loans, which represent the abllity to

. 10 ix
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Pay for college. Famlly income alsc reflects the consump-
tion demand for education.

Alternative hypotheses are developed about how
prospective students make a current determination of the
benefit from college received in the future. The effect of
interstate migration of college educated workers on the
benefit they receive is introdiced.

Since some working women spend several years of
their life out of the labor force, the investment theory of
education is less applicable to them. Rather, some females
may go to college to obtain a household return such as
increased family income.

The demand equation for college educated labor was
roduction functicn. The dewand
equation includes the wage rate of college educated workers,
the prices of related factors of production (high school
educated workers and physical capital), and the industrisal
compesition of output.

The results for white males support the investment
theory of education., An increase in the benefit from college
education increases the subsequent stock of young college
educated white males, and an increase in the cost decreases
it. The supply elasticity with réspect to the benefit is
«3; with respect to the cost it is -.7. The implied supply
elasticity with respect to the earmings of college educated
workers 1s 1.3. The effect of family income on college-
going is positive but the income elasticity is less than

S S




one., The existence of geographlic mobility of workers does
not materially affect these results.

Unlike males, the supply of college educated whilte
females is not responsive to changes in their market beneflt
from college education. However, the male market benefit
was a significant female supply determinant.

The demand for college educated white males age
25-34 was wage~elastic, about -l.5. Both the wages of high
school educated workers and the industrial composition'of
output had strong positive effects on the demand for college
educated men.

The supply mocdel was used to predict the 1970 supply
of college educated males from 1960 economic data. It made
an error ol vuly 3.7 perceai whidlde e vesi U. S. Suseau ol
the Census projection made an error of 10.5 pe;cent.

This research suggests that the supply of college
educated white males has increased rapidly because the |
market benefit from college educatinn has increased faster
than the cost, and because young men are responsive to the
benefit and cost. At the same time the relative earnings
of college compared to high school educated men have not
declined because their demand 1s wage elastic, the earnings
of high school educated substitutes have inecreased, and
changes in the industry mix have increased the demand for

college educated workers.

.12



CHAPTER I
INTRODUCTION

In this study a model for the supply of college
educated labor is devéloped from human capital theory. A
theory for the demand for college educated labor is added,
derived from the neoclassical theory of the firm. Empirical
estimates of the parameters of the supply and demand egqua-
tions are made. White males and white females are studied.

This work is undertaken for three reasons. First,

vilon 10 humain Gapilul theory. it

i1t congtitutes o
does so by using human capital theory to explain the stock
of college educated workers in the labor force. Second,

this study offers an explanation of why the quantity of
college educated labor in the U. S. has increased greatly
over tire, while the wages of college educated labor rela-
tive to high school educated labor have not declined. Third,
the results of this study give guidelines for public policy
for college educated manpower., They do so by quantifying
the effect which various sSupply determinants have on the
future stock of college graduates, and by learning the
structure of demand for them. This permits somc judgments

on how much policy is needed, what approach it should take,

13




2

and which variables are effective in infiuencing the supply

and demand for college educated labor.

A Test of Human Capital Theory

In human capital theory, education is regarded as an
investment in future inéome streams, The theory says that
individuals will invest in a college education if the ex-
Pected stream of lifetime income benefits, appropriately
discounted, exceeds the present cost of the investment.
Conslderable empirical work has been done on assessing the
monetary rates of return associated with investment in
colliege education. From the earliest of these estimates
(Becker 1960), to the latest (Hines, Tweeten, and Redfern
1970), the indications are that the private rate of return
to college education marginal to high school education is
favorable and fairly stable over time for white males in the
U. S. (See Appendix II for a summary,)

While the previous rate of return work establishes
the ex post investment value 6f college education, it does
not allow conclusions about the strength of the investment
motivation as a factor influencing the ex ante college
education investment decision. In this sense, the viability

Of the investment theory of education as a behavioral propo-

sition has not been tested. To what extent does the net

monetary return to a college education determine the stock
of college educated workers supplied to the labor force? An
analysis which deals with this question constitutes a direct

: 14
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test of the predictlons of human capital theory about the
educational osehavior of individuals. Such tests in a labor

market context are currently few in number.l

An Explanation of Chanses in the "umber
and lnconre or Collere Graauates

In the U. S. there have been large increases over
time in the number of college graduates, especially in the
last two decades. From 1950 to 1970 the number of college
educated white males age 25 years or more nearly doubled,
from 7.6 percent to 1l4.7 percent of their total. And the
share of white males age 25-34 years with 16 or more years
of school completed more than doubled, from 9.8 to 20.9 per-
cent. Yet the absolute real income of college graduates has
Lov u@ﬁaa peneral secular decllue, nor has thelr income
relative to high school graduates.> The figure below shows
the trend over time in relative incomes. Despite some year
to year variation, the income position of college relative
to high school educated young men was better in 1970 than
it was in 1949. But there was a downturn in 1971 and 1972,
especially for those men age 25-34., While this may foretell
a fundamental change, it has a precedent in 1961-63.

This observation has not been fully explained. Can

the improvement in the income position of college graduates

1Freeman (1971) and Johnson (1970) are the relevant
ones of which I am aware.

®The main finding of Miller (1960) was that the
relative income rosition of highly educated workers did not
change from 1946 to 1958.
15
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be accounted for by outward shifts in the demand for them?
Are measured wage elasticities of demand and supply con-
sistent with the observed changes in the number and income
of college educated workers? The application of the supply-
demand model of this paper to'these labor marﬁet events

constitutes a test of the validity of the model.

W6/W32

1.56
1.50
1.44
1.38
1.32
1.26F
1.20

t
949 1958 1961 63 64 66 67 68 69 70 71 72
‘ . Year

Figure 1,--Ratio of the mean annual income of males with 16
compared to 12 years of school completed (Wyg/Wyp)s 1949-72

SQURCE: Table 1, p. 19.

Manpower Policy €uidelines

The findings of this study are useful for public
manpower policy. In this country, principal objectives of
manpower policy have been to minimize shortages and surpluses

of workers of all skill and experience levels, to facilitate

16
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adjJustment to labor market disequilibrium,'and to enhance
efficlency in production. There is a wilde range of policy
approaches to Implement these objectives. On the one hand,
manpower pollcles may attempt to make labor markets work
better (e.g., by improving information flows or by aiding
inter-market mobilityl). In the case of college education,
the variables which students use to make declisions can be
changed. For example, financial incentives cdn be altered
(by means of selective scholarship ald, tultion subsidies,
Or government employment). On the other hand, manpower
policies may directly intervene into the operation of labor
markets.2

Guidance for manpower policy for college educated
labor 1s particularly important now. The Burean of the
Census, the Bureau of Labor Statistics, and thé Manpower
Office of the President have recently issued predictions of
an impending surplus of college graduates. But the Carnegie
COmmiséion,on Higher Education has recommended that uni-
versities not establish quotas on admissions. There is
publlic interest in the problem, and policies of one sort or
another will be formulated.

This research is undertaken in the bellef that publie

policy for college educated manpower would be improved by a

lGuidance and counseling services for Prospective
college students are one example of Amproving information
flows.

2Examples are programs such as manpower retraining
or affirmative action hiring quotas.

: 17
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Knowledge of basic parameters of that labor market. How
responsive 1s the supply of college educated labor to changes
in the economic benefits and costs of college education? If
an oversupply of college graduates and a decline in the
economic return to a college education are predicted, a
policy of communicating these predictions to new high school
graduates will not work unless prospective college students
are responsive to changes in the benefits and costs of
college. Public policy can affect either the costs or the
benefits; 1t is important to know if policy in one area is
more effective than in the other. On most of these questions
there is scant evidence; only on the question of the re-
sponse of college enrollment to changes in tuition is there
evidence frem morc than onc scurce.

‘The demand side of the market for college educated
labor needs to be considered as well. Does the quantity
demanded of college educated workers respond to changeg in
thelir wages? If the quantity of‘such workers demanded in-
creases substantially when their’wages fall, and if also the
stock of college educated workers supplied to the labor
market decreases when their wages fall, there would be little
need for any manpower policy, beyond one of the facilitating
information flows. In the above example, the labor market
"works" in the sense that only small wage declines are
needed to reduce a potential oversupply.of the stoek of
workers, Unemployment would be minimal since there are

large Increases in the quantity demanded when wages fall by

- 18



T
& small amount, If these basic characteristics of the
college educated labor market do not hold, then different
manpower policies may be required. In other words, both the
general kind of public policy for college educated labor,
as well as how much policy is needed, ought to be influenced
by the basic characteristics of the labor market. Such
knowledge is not currently in hand.

Of course, estimates of some parameters of the
supply and demand functions for an aggregate college educated
labor factor will not by themselves digtate the design of
specific manpower programs. To do this, studies for par-
tlcular educational specialties, preofessions, irdustries,

and geographic regions are needed, and information on dynamic

At camd libri’nm

~
L ] ———— Lo R -

= ammmldad mme TVeaa . .
= NEELCL \2CEC srilccuuadl

[ 2]

T Ju ML Prcoeccoes
1971). This study contributes one of the essential pleces
of knowledge.

The plan of the study is as follows. A model for
the sﬁpply of college educated labor, based on human capital
theory, is developed in Chapter II. A variant of this model
for females 1s worked out in Chapter III. The demand for
college educated labor is derived in Chapter IV. The
empirical estimation of the supply models is presented in
Chapters V and VI, and the demand model is estimated in
Chepter VII. In Chapter VIII there is an application of the
supply model to the prediction of the future stock of college
graduates. A summary of the work is provided in Chapter IX.

13



CHAPTER II

THE SUPPLY OF EDUCATED LABOR:
A HUMAN CAPITAL APPROACH

The Basic Model

The supply of workers at education level i in period
tos Litoﬁ is given by the previous period's supply of such
workers, Ly £l the number of entrants into the category

3 vo~
Ly in period tg, Lgto’ and the number who depart from the

category L; in period t, Lﬁto,

e _ .d
Litg = i, t0-1 + Lt Litg (1)

By continuing to write down equations for succes-
sively earlier time periods, the supply of educated labor
" can be built up and erpressed generally as the supply at
some point in the past plus the ;umber of entrants minus the
number of leavers over the time span ffom that point in the

past up to the present time:
_ e o]
L te-1 = Wi tp-2 + Ii,e -1 - I, -1
| e d
Li,to-2 © L1,t6-3 * Lito-2 = Ly, -2 (2)
Li,t.-n = Li,¢_-n-1 + L§,¢ .n - IS 4 s
»Yo~h sLo-n- 1 bo™h »Lo™N

and where by substitﬁtion,

20 s
ERIC

Full Tt Provided by ERIC.
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_ e _ 1d e q
Litg = Ta,t0-2 * L, 60-1 = Li,t0-1 + it - Lig

- e - 1d e - 14
Li,tom3 * Ii,t0-2 = Mi,t0-2 * Bi,t0-1 = Li,to-1

e d
* Ligg = Litg

to to
= Li,to-n + T - T oy 3
t=to-n+l t=tgy-n+l

The objective of the analysis is to explain the
stock of educated labor L1 supplied at time point to‘. To do
So thus requires an explanation of the number of entrants
into and leavers from education level i over time. Even if‘
Lft and LY, are not observed quantities in the data, it is
possible to proceed if Lig is an observed gquantity since

equation (2) can be rearranged,

tq to
= e d
Litg - M,t0-n = Z Lig - Z: Lit (%)
t=ty-n+l t=t,y-n+l

Therefore & supply equation may be written where
the dependent varlable is the change in L; from time period
t,-n to time period t,, and where the explanatory variables
are the determinants of the number of entrants into and
leavers from educated labor category'Li over the time span
to-n+l to tg. In thls formulation, the equation is actually
& supply difference equation. The estimates of the coeffi-
clents of the explanatory varlables are estimates of their

respective effects on the change in the stock of educated

ki
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labor supplied over time.l

The next task 1s to specify the factors affecting
the number of entrants into educated labor category Ly and
the number of leavers who depart from that category in any
time span t -n+l to toe Assume first that there is no
mobility of workers between labnr markets. This assumption
is reasonable if U. S. time-series data are used because the
labor market i1s the entire U. S. at different.points in time.
Movements of workers between the U. S. and other countries
after the completion eof formal education are relatively
small. However, this may not be a reasonable assumption if
U. S. cross-sectional (e.g., state) data are used, so the
assumption of no inter-market mobiiity of workers will be

relaxed later.

Ihere ista special case °€ equation (4) when n is
) o

large and when 2: Liy ? z: 18.. In this case
t=ty-n+l t=ty=-n+l

the number of entrants greatly exceeds the number of leavers
over a long time span. This means that the current number
of workers with education level i depends mainly on the

number of entrants over the long time span and not very much
on the initial supply or the number of leavers. Then

to

e
Lit, = 2 it
t=to-n+l

In this case the supply relation may be written with
Léto as the dependent variable and with the determinants of
the number of entrants into educated labor category Li as
the explanatory variables. (This case might apply to college
educated labor if the initial stock were small and there has
been & high rate of growth in the stock for pany years.)

22
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The Economic Eenefits and Costs of Education

The number of entrants into educated labor category
Ly in time period t depends in the first place on the number
of people who are elligible to undertake that education. The
eligible students are the stock of graduates from the next
lower education level, J, at time period t-m, where m is the
number of years required to go from j to i years of school
completed, J € 1. For example, college students are drawn
from the stock of high school graduates, and it usually tekes
four years to complete college after high school graduation.
S& the stock of college educated labor at any time point t,
Lj¢s is constrained by the prior eligible population of high
school graduates, Lj,t-m' Since most college students enroll
soon after high school graduation, I..‘j refers to high school
graduates age 18,

But the interesting behavioral question is what
determines Lits given LJ,t~m‘ Whén the education leve; in
question is college education, then a supply function for
college educated labor cen be specified in part from human.
capital theory. That theory says that individuals regard
education as an investment in the acquisition of productive
skills. Education 1s undertaken because the inerémental
discounted lifetime earnings stream associated with incre-
mental years of schooling is expected to yield a return to
the student's investment in schooling greater than the

return available on alternative investments. Therefore the

23
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stock of educated labor supplied is positively related to
the private net return to investing in schooling. More
exactly, the number of entrants into educated labor category
1, where 1 denotes years of school completed, depends on the
difference in earnings between workers with 1 years of
school completed and workers with j years of school com-
Pleted, J < 1, discounted over the lifetime. This is the
economlc benefit of education. The number of entrants also
depends on the private cost of obtainirg i years of schooling
which 1s the earnings foregone while attending school plus
the direct costs of schooling which are Privately borne.
These costs are tuition and fees, books, and room and board
costs that would otherwise :.ot be incurred.

Decause scnooling takes a numper or years to com-
pPlete, there is a lag between the point at which an indi-
vidual decides to invest in education and the point at which
he enters the labor force and begins to receive the returns
to education. Therefore the number of entraﬁts into the
labor force at time t who have i years of school completed,
Lft, depends on benefits and costs of educatioh evaluated by
the student at the earlier time point t-m. This is the
prospective student's decision point. The relationship may
be written for particular time points as

24
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e A
Lito = fQ(Nﬂi,to-m! Ao)
Lf,t0-1 = Ty(NRg ¢ _no1s Ay)

Li,to-z = fg(Nni,to_m-g’ Aa)

e
L tgntl = Tnsa(NRy ¢ _mon+1s Anga) (5)

where NRit = expected private net return to education level i1
evaluated at time t, and A includes LJt as well as a vector
of other supply determinants not yet specified.

The private net return to education level i marginal
to level j can be expressed in terms of a benefit component

and a cost component. It is calculated for decision point

t. =m ns:
o L
. Weo=W - W,y.+DC
- it™"3t t Vit
Wy gom = L T‘Ls - 2 J(l—+r (6)
tempy  (3HT) tel ) .
where Wit, W, = earnings in year t of workers with 1 and
Jt with j years of. school completed

Dcit = private direct costs of obtaining i1 years of
schooling in year t

r = the discount rate
kK = the employment lifetime

m = the number of years required to pgo from i to J
years of school completed.

The costs of foregone earnings and the diredt costs
of schooling begin in the deecision year t = t-m (the year
of college enrollment, or year 1 in equation (6)), while the
dbenefit stream wit' 3% begins in the future vear t =t =
RIC -

Full Tt Provided by ERIC.
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year m+l. The cost and benefit streams are discounted back
to the decision year.

It should be noted at this point that earnings fore-
gone due to education may be partially offset by part-time
earnings of students while they are in school. The th
variable in the costs term of equation (6) 1s intended to
represent net for gone earnings. (Of course if a student's
part-time jobh causes his schooling period to be lengthened,
then m increases and the total costs incurred for the com-
Pletion of schooling may not be different from the case of
no part-time work. )

How Does the Prosvective Student
Defermine the roturn o oducation?

Accoraing to human capital theory the prospective
student behaves as if he knew the earnings difference Wi-Wd
for each year of the future. But his determination of the
benefit to incremental education can only be an expsctation
based on his knowledge of past and presa:it earnings differ-
ences. There is some evidence that young men do possess
conslderable information about current Wy and wd and that
they have some awareness about predicted changes in the
earnings of college graduates (Freeman 1971). But there is
no well-established theory or empirical evidence on how such
information is used by the prospective student to form ex-
pectations of the benefit to incremental education. In fact

a weakness of the human capital model from the standpoint
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of individual decicsion theory is that calculated rates of
return to education are historical £X post measures, while
the declsions made by individuals require ex ante expecta-
tions of rates of return. How are these expectations
formed? Since the actual return to education depends on
earnings received only in the future, what information is
used by'prospective students to make the college education
decision in the present? '

It is an empirical fact that the earnings of those
with more education increase faster with age and labor force
experience than the earnings of those with less education,l
Because of the increasing spread between the age-earnings
Profiles of college compared to high school educated workers,
it is not Iikely thetlprespective collcge students use
starting salaries to determine their expected lifetime
benefit frcm college education, Reckoning starting salaries
alone would underestimate the true return to education.

A better hypothesis is tnat the prospective college
student reckons the earnings difference between college and
high school educated workers when they are several years,
vrerhaps 3-9 years, out into the labor force.® This hypoth-

esis says that prospective college students who made the

ithis 1s documented in Hanoch (1968). The dats come
from the U.S, Bureau of the Census, both the decennial Census
of Population and the annual Current Population Reports.

eThe choice of 8 or 9 years is suggested by the work
of Mincer (1970) in on-the-job training. See the section
On experience and on-the-job training beginning on page 31.
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education decislon in, say, 1960 when they were age 18 used
information on the earnings of college and high school
educated workers who in 1960 were in the neighborhood of
age 30. This benefit hypothesis, using earnings of experi-
enced workers rather than starting salaries, is appropriate
empirically because 1t acknowledges the actual behavior of
earnings profiles over time. It is appropriate theoretic-
ally because it implies that prospective students seek to
evaluate their lifetime economic benefit from incremental
education as the human capital model predicts. Therefore
this benefit hypothesis is desirable because it permits a
test of human capital theory as a behavioral proposition.
It permits a test of whether students behave according to

tne modedl.

Current vs. predicted earnings. The hypothesis that

prospective students use information on the earnings of .
experienced college and high school educated workers to
determine thelr benefit from education may be formulated
in two alternative ways. The simpler way is that of the
example above: the current earnings, i.e., earnings in the
college education decision year, of workers who in that
Year are nbout age 30 are used. This information is avail-
able at the time of undertaking additional investment in
schooling.

Alternatively the benefit hypothesis may be formu-

lated by assuming that prospective studencs are not only

: 28
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aware of the behavior of earnings profiles with age, but

also that they predict at least one point of the age~-earnings
profile in the future. According to this hypothesis, the
prospective college student who 1s age 18 in 1950 predicts
the earnings of college and high school educated labor in,
say, 1970 when he himself is several years out into the
labor force and not far from age 30,

Both of these beneflt hypotheses assume that pros-
pective students choose one point on the age-earnings pro-
files to use in calculating their benefit from additional
education. That one point is ideally several yearé after
labor force entry because of the increase in the earnings
difference between college and high school educated workers
with age, and because of the inlflueuce of on-the-job train-
ing on earnings (see pp. 311—33). The assumption that just
one point of the age-earnings profile'is used, rather than |
the entire profile of earnings with age, 1s in part required
by limitations of daté, since the data on earningé by edu-
cational attainment are not disaggregated by age for all
time perliods for the unit of analysis used in this study
(states of the U. s.). However, the assumption is a reason-
able one because an evaluation of many points in the age-
earnings profile, including points late in the employment
life cycle, imposes high informational demands on the pPros-
pective student. In any event, the discounted Present value
of earnings benefits received far into the future is small,

so neglecting them may not be serious.
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Both the current earnings and the predicted future
earnings benefit hypotheses further assume that prospective
students estimate the earnings difference without systematic
error; i.e., they neither underestimate nor overestimate
Wy-Wy, whether now or in the future.l

The two hypotheses differ in their assumptions about
whether prospective students use current earnings informa-
tion or make predictions of future earnings to evaluate the
benefit from additional education., The latter hypothesis
requires greater sophistication on the part of the prospec-
tive student. Of course if the differen.e in earnings by
educational attainment does not vary much over time, the
. hypotheses become indistinguishable. If Wi-WJ, although
variabie, is very nignhly serially correlated, it may not
matter which hypothesis is used since in this case the
current earnings difference would be a good predictor of
the future earnings difference. Likewise, if'the net return
to additional education is stable over time then the choice
of expectations hypothesgé is not important.

In this connectlon, the behavior of wi-wj over time
is of interest in its own right. WNot only can it illuminate
the differences in the benefit hypothéses above, but also
it can serve as & rough test of the correspondence of

empirical observations with theoretical predictions. For

lThey may systematically err in estimating Wy and
Wi as long as they make equal absolute cerrors for bofh so
that wi-wd is unaffected. '
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example, if wi-wj has increased over time, that implies
there has either been an increase in the rate of return to
coliege education, or there has been an increase in the
costs of a college education to prevent the rate of return
from rising. The evidence on the trends in this data is
given in Table 1.
TABLE 1.--Mean annual income of males with 16 and 12 years

of school completed (Wi6s Wyn), current dollars, by age
group, 1949-1972, U. S.

Age 25-34 Age 35-44 Age 25+

Year
' LATS Wio W16 Wio W16 Wiz

1949% 550 3,080 5,142 3,523 5,407 3,285
1956 5,302 L,768  B,037 5,865 7,567 6,257

= - P fem =

183 o0 2B ok LR Pl gk
1961 gy 6,175 10,613 7,162 - B.787 6.736

1966 9,252 6,880 12,274 8,040 11,135 7,494
1967 9,652. 7,239 - 13,276 8,460 11,721 7,907
1968 - 10,121 7,812 © 13,629 9,185 12,236 8,430
1969 10,777 8,133 15,133 9,222 13,258 8,827
1970 11,133 8,377 15,167 9,88 13,372 9,185
1971 11,036 8,714 15, gu 10,279 14,158 9,566
1972 11,553 9,451 17,480 11,312 15,256 10,433

8Median annual income. '

SOURCES: U.S. Bureau of the Census, Current Popu-~
lation Reports, Series FOO, "Consumer Income,™ Hos. (&4, 75,
C0, G5, YU; U.L. Burcau of the Census, Census of Porulation,
1950, Special Reports, v. iv, Part 5, ch. B, "lLducation."

The difference, w15-w12, is shown in Figure 2 below,
in constant 1967 dollars.
The income advantage enjoyed by college educated

workers has generally but irrepgularly risen. An exception

o 3 1
ERIC

Full Tt Provided by ERIC.
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Age 35-44

4000 T

3000

2000

1000

191‘4\9'_ 1958 1961 63 64 66 67 68 69 70 71 T2
) , Year

Filgure 2.--Difference in the mean asnnual income of males
with 16 and 12 years of school completed (W g— )s constant
1967 dollars, by age group, 1949-19} s 6% S.

SQURCE: Table 1.

to this trend is the decline in yi-w5 for men age 25-34 in
the two successive years 1971 and 1972.1 The first order

serial correlation coefficient cf(wi—wj for men age 25+ is
.64, Wwhile this correlatiQn is quite high, there remains

considerable room for predictions of future Wi-WJ to be

lThe recent and quite sharp drop in Wi-W4 for young
men is likely a reflection of the unfavorable labor market
for college graduates that has developed. W -W; for older
men has not yet been affected, but continuation“sf the cur-
rent labor market situation may foretell the first decline
in the rate of return to a college education since such
measurements have been made.

i 32
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superior to current wi-wj for purposes of determining the
benefit of a college education. The second benefit hypothe-
sis--that students predict future Wi-Wj--should therefore bte
tested.

As noted above, there has been no discernible trend
in the measured rate of return to a college education from
1939 to 1969 (see Appendix II).l This suggests that college
costs must have increased. In fact this is true (see Table
2).

The total cost of a college education increased more
than 2.3 times over the last two decades. This change 1s
similar to the increase in WiS and W, over thls period,
about 2.7 times and 2.6 times respectively. These similar

stable calculated rates of return over time which have been
reperted by other authors (Appendix II). They are also
consistent with expectations of successfully operating and
adjusting market activities, whe;ein movements away'from
equilibrium are quickly corrected. This assures that the
observed rates of return are equilibrium rates and that the
level of the equilibrium rate of return has not changed over
time.

In the cross sectional analysis of this study,
similar relatlionships can be tested to assure that the

observations are sufficiently close to equilibrium

1‘I‘he evidence in Figure 2 suggestc no large changes
up to 1969,

: 33



TABLE 2.-~Costs of a college education for males, 1949-1969,
U. §. (current dollars)

Foregone Tuition Tuition, Fees,
Year Earnings? and Fees? Room and Board®
1949 %,igo éSé 33%
1959 5
1863 3,695 318 70

8.4 SMedian annual income of high school éraduates age
1-2.

PRevenues per enrolled student in 4-year institu-
tions of higher education, net of scholarship aid. Years
are 1949-50, 1959-60, and 1968-69,

SOURCES: (1) Foregone earnings: U.S. Bureau of the
Census, Census of Population. 1950, v. IV, Special Reports,
Part 5, Ch. 3, "iducation™; and census of Population. 1950
and Census_of Populatiecn, 1970, Subject Reports, rC{2)-oB8,
"Educational Attaimment." (2) Tuition, fees, room and
board: U.S. Office of Education? Blennial Survey of Fduca-
tiu in the U,5., 1550-50, rart 4, "LUACLISTICS OF nliner
Education, 1949-50"; USOE, "Financial Statistics of Insti-
tutions of Higher Education 1959-60," Circular No. T4,
OE 50023-00; USOE, National Center for Educational Statis—
tics, "Financial Statistics of Institutions of Higher Edu-
cation, Current Funds, Revenues and Expenditures, 1968-09,"
OE 52010-69; USCE, "Opening (Fall) Enrollment in Institu-
tions of Higher Eduecation, 1960," Circular No. 652, OE 54007~
60; USOE, lNational Center for Educational ‘Statistiecs, "Fall
Enrollment in Higher Education, 169, Supplementary Informa-
tion," OE 72-6.

observations to allow the model to work. 1In long run
equilibrium, the dollar value of the net discounted return
to college education should be zero. If this is assumed for
observations on étates of the U. S., is the implied internal
rate of return reasonable? According to the solved state
internal rates of return, the answer is yes. The average

over states for white males is 14.% percent. This rate of
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return is slightly above the return obtainable from other
investments. (See Appendix III for this information and for
further analyses of the behavior over time of internal rates
of return by state.) Also, if the net return to a college
education is to stay near equilibrium, it should be true
that changes across states in the direct costs of college
(Dci) are positively correlated with changes in Wi-Ws;. The
correlation coefficient between‘Dci and Wi-Ws in 1960 for
states of the U. S. is .31. Simple empirical tests such as
these show that both U, S. time series and cross sectional
relationships between the benefits and costs of college are
consistent with theoretical expectations. Thus they consti-
tute additional validations of the theory and the data used
in this study.

Involuntary drop-outs. Not all of those who enroll

in college will graduate and enter the lsbor force as
college educated workers. Some will drop out voluntafily
due to a ch;hge in their tastes for college education or due
to attractive economic opportunities that become available.l
Some will drop out involuntarily, due to academic failuve. or
financial hardship. Presumably a prospective student has

1However, it has been shown that the rate of return
to partial college (13-15 years of school completed) marginal
to high school, which is 12,1 perceat, is smaller than the
rate of return to completed college marginal to high school,
which is 13.6 percent. Also, the net return to completed
college marginal to partial college is hirh (15.1 percent).
These results are from lilnes, et al. (1970). Therefore
economic reasons for voluntarily dropping out should not be
important in general.
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some knowledge of the probability that he will not be able
to complete college and hence will not get the net return to
coliege education. Therefore the calculated net return term
NRi should be adjusted for the probability that it will be
obtained: |

E(NRy) = (1-p)MR; + g DMRy (7

where E(NR;) = the expécted value of NR,
(J--- the involuntary drop out rate
NRJ = the net return to wha@ever level of school@ng
has been completed prior to dropping out (j =
12, 13, 14, or 15 years of school completed).
Thls equation is a shorthand expression for a more
complete equation which would include a separate term for
the net return to each of the possible educational attain-
'ments (12, 13, 14, or 15 years of school completed) multi-
plied by the probability of reaching that attainment. (The
simpler symbol NR; will continue to be used, but the expected
NRy of equation (7) 1s understood.)
Those students who flunk out usually do so in the
first or at least second year of college. The net return

they get to a small amount of college may therefore be close

to zero.1 Even i1f the rate of return is not zero (it could

lEvidence ava’lable on the return to partial college
(13-15 years of school completed--see footnote on p. 23)
includes junior college graduates. In some preliminary work,
Freeman surrests that the rate of return to a terminal two-
year collcge education may exceed that of a four-year collegce
education. This means that the rate of return obtained by
drop-cuts from four-year colleges is less than the calculated
rate of return to partial collece. A rate of return of czero
would seem to be & sultable assumption for college drop-outs.



25

be negative), the absolute net do;lar return would be very
small relative to the net return to four or more years of
eoilege, if most drop-outs occur after just one year of
college attendance. If the net return to some college 1s
zero, then the last term of equation (7) drops out.

The existence of voluntary drop-outs does not affect
the expected NR; term because that decision is not antici-
pated when the NRy célculation is being made'hy the pros-

pective student.

The discount rate. The discount rate, r, in the net

return to education term, depends on the rate of return
students could get in their next besf alternative investment.
This 1s their cost of capital. Capital markets for the
financing of education b& individuals appear to be imperfect.
Thus the borrowing'rate as well as the lending rate should
be considered in determining the discount rate. Tre degree
of capital market imperfection indicates how high the
marginal borrowing rate 1s. The seriousness of the capital
restriction, which is the extent to which education costs

are met by private market borrowing, indicates the weight of
the borrowing rate in determining the discount rate, Note
that investment 1n education differs from investment in
physical capital because borrowing by students in private
capital markets to finance education is more expensive, if
po-sible at all. Such capital markets have appeared only

recently. For some, the marginal borrowing rate may be
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infinite. The popularity of government loan programs is
probably due to the high cost of private market borrowing.
This means that the marginal borrowing rate has little
effect on the determination of the discount rate used for
education investments, as it normally would, since such
borrowing is almost non-existent. As a simplification, the
borrowing rate is assumed infinite and constant for all

1 Since subsidized loan rates are also

prospective students,
constant for all individuals at a point in time, they will
not cause any difference in the net return term in a cross-
séctional analysis.

The discount rate also depends on the prospective
Student's subjective rate of time preference for income
since investable funds may be used for immediate consumption
rather than for investment (Blaug 1971). That is, given the
same alternative rate of return, two prospective students
may make different education decisions if their rate of time
ﬁreference for income is diffecrent. The calculation of the
discount rate thus depends on the lending rate, adjusted for

the subjective rate of tiuwe preference, Since neituer of

these components 1is known with certainty for states of the

lsome students may be able to borrow indirectly via
loans taken out by their parents, For example the student's
parents may mortgage thelr house to pay for the college edu-
cation. HHowever, there will be little variance in the level
of this indirect borrowing rate among students at a given
point in time. The extent to which such fanily financing is
used will be affected by family income and wealth., This
influence 1s considered below. |
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U. S., several different calculations of the discount rate
are used to insure that the regression coefficients obtained
are not artifacts of the calculated discount rate. (See
Appendix I for a full description of how the discount rate

was calculated,)

The Ability to Pay

If private borrowing by students to finance personal
investments in education is not possible, then the amount of
such investments made will depend not only on the net return
to the investment, but also on the potential investor's
ability to pay. The private direct costs of education must
be met by cash outlays obtained from the current income or
wealth of the student or his parents, or from government
loans. Individuals from low income famllies may undertake
less college invéstment than individuals from high income
families, despite a favorable net return, because they can-
not finance the investment. This means that the equation
for the supply of educated labor should contailn variables
t0 represent ability to pay. One such indicator is family
income of families where the l'ead of household is in the
age range where he or she would be likely to have a college-
age student. Another ability to pay varlable is government
loan aid per student,

Education as a Consumption Good

Education may also have some properties of a con-

sumption good, or a consumer durable. Benefits are obtained

-39
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by cbllese educated workers other than the income gain
associated with employment as a college educated worker.

The consumption return is a non-labor-market return. It may
be non-pecuniary benefits of employment, or psychic satis-
factions not connected with the workplace. In addition the
Process of learning itself may be enjoyable for some. There
may be a consumptlon benefit in the acquisition of education.
Education may be unigue in thét it is simultaneocusly an in-
vestment and a consumption good; i.e., one may undertake
education for investment purposes and at the same time
derive consumption benefits. This analysis does not try to
separate consumption from investment demand. Yet the con-

sumption gcod properties of education must be considered.

the observed stock of educated labor will be nigher than
that predicted by the net return to education elone. As
with a conventional demand equation for a consumer good, the
demand for educaticn as a consumer good would be expected
to depend on its price and on an incbme variable.l There~
f~re the equation for the supply of educated labor should be
specified with an income variable, such as the income of the
student or his family. Thus a single income variable serves
to represent two effects on the stock of educated labor:

the ability to pay for education as an investment good, and

lMost ttudies of the demard for college enrollment
rave included an income variable and found that it had a
slgnificant posiiive coefficient.
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tne conventional effect of income as a consumer good demand
function shifter. Both effects are expected to be positive.l

As with the nat return variable, the income variable,
Y, and the loan varlable, LOAN, must be lagged since their
effects on the number of entrants into educated labor cate-
gory Lj operates at the time the schooling decision is made.
Thus Lfto depends on Y; _p; Lg,to-l depends on Y¢__p.3,
cee 3 Li,to-n+l depends on ¥t -m-n+l> and similarly for
LOAN.

Empirical Considerations

Several considerations about the empirical specifi-

cation of the supply equatior require discussion.

Tne empirical speciiication of the benefit trom

college. The prospective ccliege student is hypothesized
to determine his economic benefit from college education by
choosing one point on the age-earnings profile; e.g., the
current earnings of experienced college and high school edu-
cated workers (see pp. 14-16). A single vaiue for Wit'wjt
is used to calculate the benefit of college education. Thus
the earnings difference becomes a constant over the summa-

tlon, and the benefit »f college education term (BENy) 1is

1poth transit ry and permanent income would seem
relevant. Transitory .ncome might influence the purchase
of educatlon as a consumption good giving enjoyment from
learning. The permancnt income concept might be more rele-
vant for the purchase of education as an investment good.
Data limitetions do not permit further exploration ot the
effects ot each income concept on the quautity of education
purchased,
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calculated as

K k
. wit-w, t 1l
BENy = ) th = (Wy-wy) PEwe: (8)
t=m+l t=m+l

since wi-wd, without the time subscript, is treated as a
constant. Because the lifecycle is long, k 1s a large

number. Thus

k m
1 . i ) z:’ 1
temel (1+r)E T tol (1+r)°®
for large k,T and
m
BEN; = (Wy-Ws) | —J;— - Z, —i—nt- (9)

{1+7r)

]
[VE ¥R

Education level i is taken to be college education (i = 16
Oor more years of school completed), and level j is high

school education (12 years of schrol completed).

1 = 2 1
The term 2; Ti:;Tf is subtracted from e because

the summation of the benefit stream begins only after the
education is comgleted in year t=m+l, whereas the approxi-
mation of using ¥ 1o obtain the discounted present value of

the future earnings benefit requires that the benefit begin
in year t=l. Note that
k

1 s 1 1
T & T & aer

t=m+l t=l (i+r) t=l +r)
1 1

Ask ~» 00, 2: — - —
t=q7 (1+r) r
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Experience and learning on the job., Observed earn-

ings may r:flect not only_direct gains from forma; schooling
but also asi- clated indirect gains from experience and
learning on the job., There may be differences across ob-
servations in the amount of experience embodied in the stock
of college (or high school) educated labor. If so this
would be an undesirable source of variation in observed Wy
(or Wd) since it reflects not only the future earnings
expected by a prospective college student, but also the
current age structure of the college (and high school) edu-
cated labor force. That is, an observed W, may be low not
because of a large supply or small demand for Ls but simply

because the age composition of Iy 1s young. Data on age by

years of school completed can be used to sceount for theese

J-o
Likewlse, college (or high school) educated workers

effects on Wi and W

may differ in the amount of on-the-job training they obtain.
Investments in on-the-job training in the early year$ Ef
employment will depress earnings in those years and increase
earnings in later years.l This means that the time point

at which Wi or WJ is measured is critical, assuming the
amount of on-the-job training for Ly (or LJ) differs across

observations. Mincer has calculated the "overtaking point,"

1see Becker (1962) and Mincer (1962, 1970). This
result holds unless training is completely firm-specific and
there is no sharing of training costs and benefits between
firm and worker.
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the point in time at which the earnings of those with on-
the-job training catch up to those without training, for
equal fo}mal schooling. It is about nine years (Mincer
1970). If earnings W, and wd are measured after nine years
of labor force experience it will not matter if observations
differ in the amount of on-the-job training since there is
equality of earnings of those with and those without on-the-
job training at that point. If, however, Wy and W, are
measured later than that, observations with high on-the-job
training for L, (or Lj) will have high Wy (or Wd), and con-
versely if Wi and Wj are measured early. Thus the calculated
benefit of college education is sensitive to the time of

measurement of W3 and Wye

Earnings
with on-the-Job tralning

no on-the-job training

© overtaking
point

Age

Flgure 3.--Illustration of age-earnings profiles for college
educated workers with and without on-the-job training
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An appropriate measurement time is the overtaking

point. Thils means that Wy should be measured about age 31

- and Wd about age 27. But empirically this is not possible

when states of the U, S. are the units of analysls because
data on earnings by years of school completed are not avail-
able by single years of age. Data are available for con-
puting Wi-W; (as median annual income) for white males age
25+ in 1960, The average state value of thié indicator is
$2,222. Fortunately this state average value can be com-
pared with the aggregate U. S. value of wi-ws, measuring Wi
at age 31 and Wy at age 27. This va;ue 1; about $2,275.1
Thus, on average, the observed Wi-Wb,eusing the theoretic-
ally less desirable measure,'is very close to th- pieferred
measure if it were availablie by states or the U. 5. Conse-
quently, the calculated value of BEN will not be system-
atlcally in error,'although state variations in on-the-job

training remain unaccounted for.

Earnings vs. income. According to the investment

theory of education, the indicators for Wy and Wy should

measure the monetary returns associated with the investment

“in formal schooling. This means that labor earnings is pre-

ferred to total income to indicate Wy and WJ. Total income
could include income from inherited property, which is in

1Obtained by curvilinear interpolation of Wi and wd
between age groups 25-29 and 30-34, Data by single years
of age for the agrregate U. S. is not available., Linear
interpolation gave a value of Wyi~W; of $2,175.
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no way related to the educational attainment of the present
generation., On the other hand, the purchasg of education
1s an investment in less unemployment and more time worked
&s well as an investment in higher rates of pay, so that the
earnings measure should reflect these differences between

college and high school educated workers.

Leavers from an educated labor catesory. In the

absence of inter-market mobility of workers, the number of
workers who leave é given educated labor category in any
time period t depends on the number of retirements and deaths
of such workers, and on the number of those workers who
reach a highcer level of educational-attainment. In the case
of warke;; with college education 6r more, only the former
possibilities apply. Although the number of deaths of
college educated workers in any period may not have an
interesting economic explanation, it may vary from observa-
tion to observation depending on how many old members there‘
were in that category in the preceding time period. Define
Lgt to be the number of workers at education level i who

are in the uppernmost age group of the labor force at time
‘period t. Then the partial effect of Lg,to-l on Lito should
be negative. Likewise there should be negative relation-
ships between Lf’to_g and Ly ¢ _) and, in general, Lg,to-n-l

and Li, to_n-
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Simplifications imposed by the data. The supply

- - .

equititn Tor educated labor can be written

Litg = 2a,t5-n = S(MRg ¢ oms MRy toom-1s +o+ s MRy g . monga
I‘:j,to-m-’ LJ:to"m'l’ see Lj,to—m-n+1 s

Yeo-me Yg om-12 <+ » Yt -m-ns1 s

LOAN; _, LOANy cee s LoAN,

-n~1"* -m-n4+l ?

o] O L)
- Li,to‘l’ Li,to"a’ eee o Li’to_n_l) (10)

wﬁere education levels i and 5 refer to college and high
school education, respectively;lwhére the subseript m reférs
to the duration of schooling (m = 4 years for college educa-
tion), and where the subscript n refers to the number of
time periods over which the change in :1 is measured. (See
P. 36 for the meaning of the symbols for the variables.)

NR,, can be broken down into a benefit component, BEN s 8nd

it 1
& cost component, COSTyq.

The supply relation must be simplified because not
all the required data are available for all of the n time
periods. (For example, U. S. cross-sectional data in some
cases are only avallable for two census years.) If t, is
set at calendar year 1970 and n=10 years, so that ty-n 1s

calendar calendar year 1960, then the end points of the time

11r tne equation explains the stock of high school
educated labor, an additional set of terms to indicate
leavers from that caterory via the acquisition of a college
education must be added,
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span for measuring NRit’ which are NRi,to-m and NRi,to—m-n+1’
‘¢orrespond 'to- the years 1966 and 1957. The same is true for
the other right-hand side variables. Data from the 1960
Census of Population fall in this time span and can be used
as the source for a single calculation for NRit and Yt' |
Likewlise, data from the 1970 Census of Population can be
used for a single calculation of BENit under the alternative
hypothesis for how prospective students determine BEN4 ¢ »
which says they predict future (e.g., 1970) earnings pro-
flles. Since neither NRit nor aggregate Y, fluctuates
widely in & short time span, the use of & single indicator
for each variable which falls in the relevant time span
should be satisfactory cnmpromise.;

proposed calendar years of measurement in place of the index

t, is

Li,1970 - 11,1960 = S(MBy 1060+ L3,19600 Y1960°
LOAN; o505 L{,1960) (11)

where NRi 1960 = the net return to education level i
s determined in 1960

Iﬂ 1960 = the number of people with education
? level j in 1900 who are eligidble to
continue to education level 1

lEvidence in Appendix II shows that the private rate
of return to a college education investment has been stable
over time.
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= income of families 19 1960 who have

Yo nr
1560 qpllege age children

te e n ® e o

LOAN; g5 = government loans in 1960

Lg 1970 = the aumber of people with education level
2 i who are 55 or more years old in 1960,

If prospective students predict future age-earning
profiles to determine the anticipated net return, then 1970
earnings data are vsed in place of 1960 earnings data in
the benefit term of the net return variable and NR

1,1960
becomes NR . If the two hypotheses about the determina-

1,1970

tion of the benefit (the use of current vs. the prediction
of future wage differences) are combined, then a weighted
average benefit and net return variable result. Since there
is no theoretical basis by which to determine the welghts,
they may Le delesmined Ly ke data., Writing I‘i_,1970 ~
Li,].%O = 8 <+ bWNI\i,l%O + (l-W)NRi,lsvro + .. ) Where w md
1-w are the weights, the coefficients bw and b(l-w) may be
estimated by the regression and solved for w.

Geographic Mobility of Workers

The foregoing supply sanalysis ié valid under the
assumption of no geographic mobility of vorkers between
labor markets. In a U. S. time-serles analysis this assump-
tion is closely met. But in a U. S. ercss-sectional study

where, e.g., states are the units of analysis, inter-market

llf college education is finaneed in substantial
part out of savings from family income from previous years,
then it would be desirable to use several family income
variables for the years preceding 1900. However, this datas
are not avallable for states of the U. S, except for census

years.
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mobility modifies the supply model. If there is geographic
moblility of workers between labor markets (states), there
are two consequences., One is that the observed stock of
college educated workers in a state is & function not only
of the investment value of education (which determines how
many people go to college in a state), but also of inter-
state movements of workers after they have completed college.
Secondly, prospective college students may bé aware of some
Probabllities of out-of-state employment and take out-of-
state wages into account when determining their expected

return to a college education.

The Effect of Migration on the

Estimation oif the Supply Model

' Wien Lbere Is uel lolersiale migration, the numper
of:;ntrants into educated labor category Ly depeﬁds not
wholly on the extent of investment in schooling by students
in that state, but also partly on the number of workers with
i years of school completed who move into that state from
another state where they obtained their education. Iikewise
the.number of workers who leave educated 1abof category Li
will depend not simply on deaths and retirements in that
state, but also on outmigration. Of course if inmigration
is equal to outmigration, the existence of mobllity can be
ignored. Only net inmigration or net outmigration is of any

consequence.l

lThis is true unless inmigrants have characterictics
different from outmigrants such that median earnings are
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What we desire to measure is the response of a
state's residents to changes in the returns end costs of &
college education in that state, But if there is net in-
migration of college educated workers into a state, then the
observed number of such workers will be higher than that due
strictly to that state's benefits and costs of education,
and conversely where there is net outmigration.’ Thus the
existence of net interstate migration distorts the true rela-
tionship between the in-state determinants of the stock of
college educated labor and the measured size of that stock
cﬁrrently in residence. In particular, the BENi variable
in the supply equation will pick up the effect of net nmigra-
tlon as well as the effect of the investment value of educae-
tion-on the stock ot Ljs, i1f high Wi is related to inmigra-
tion of L

i
.84). This will result in an overestimate of the investment

» because BEN and Wi are highly correlated (r =

effect--an upward-biased regression coefficient.l

affected. Then W;-W, in the case of zero uet migration
will not be the same“as W,-W. in the case of zero mobility,
and the existence of mobiiit cannot be ignored.

1The magnitude of the bias depends on the extent of
ret interstate migration of college educated workers and on
the relation between net migration and earnings. Neither
of these can be definitively assessed. Over the period
1955-60, the 48-state average net interstate migration, .
regardless ot direction, for all white males age 25-34, was
3.5 percent of that population. The correlation between the
median annual income in 1959 of white males ape 25-34 and
their subsequent net interstate migration from 1965-70 was
.008. Neither of these figures are specific to collere
educated workers and even if they were, it is difficult to
say if they are large or small, or what other influences
they may reflect.
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The existence of net migration between states can
be taken account of directly in a reestimation of the supply
equation. Information on net migration of college educated
workers for each state over the time span 1960 to 1970 can
be used to correct the dependent variable, L1,1970 - Li,1960:
for net migration. By subtracting net inmigration and add-
ing net outmigration, a reversion to the no-mobility model
is obtained; migration is t#ken out of the observed Ly
variable. Thus the true and single effect of the benefit
and cost of college education in a state on the indigenous
stock of college educated labor in that state is obtained.

Data on net migration by sex and age, but not by
years of school completed, are available for the time span
1555-150C by siale. Dala ou mobllily by years of school
completed are available for the U, S. as a whole. More
recent ret migration data, not broken dcwn by age, can be
used to ascertain trends up to 1970 in net migration.

The Effect of Mirration on the
Specirication or the Surply Model

The correction of the observed number of college
educated workers in a state for the estimated number of net
'migrants is only a partial handling of the migration problem.
This correction implicitly assumes that prospective college
students use only a knowledge of home state earnings of
college and high school educated workers to determine the
benefit of a college education., But if there is interstate
migration, there is some probability of obtaining not the
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home state benefit stream dbut rather the.benefit stream of

the state where employment 1s found.. In fact if there is _. . ; .
substantial interstate migration of college graduates which

1s responsive to geographic wage differences, then at the

extreme one might hypothesize a national market for college
graduates rather than a lccal (state) market. This implies

that a college graduate in any state could obtain the

"national" wage for college educated labor.

It is difficult to judge from the evidence available
whether a state, regional, or a national market applies for
college educated labor.l Therefore & supply function for
coliege educated labor is specified under each of the three

assumptions about the scope of the labor market.

Regional migration. The specification of the benefit

of a college education used so far éorresponds tc a state

labor market, Under the regional labor market assumption,

. l‘I‘here does not appear to be a single national wage
since tnere is substantial variance in the median anhual
income of cecllege cducated workers across states, even after
adjusting for absclute price level differences., But this
variance could be due to state differences in unemployment,
weeks and hours worked, age composition, industry mix. and
quality of workers, as well as non-pecuniary compensating
advantages. Crude evidence on the amount of migration and
its responsiveness to wage differences (p. 39) is subject
to alternative interpretations. Some studies of the rela-
tion between geographic migration and wage differences sug-
gest it 1s signitficant but variable, deperding on industry
and worker characteristics. At the least there is consensus
that distance is a strong deterrent to migration even in the
face of wage differcnces, and that geographic labor markets
work better and that migration is sreater for more hirhly
educated workers (see, e.g., Schwartz 1973, Gallaway 197,
Lansing 1907).
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it is hypothesized that prospective college students are
aware,of the probability of interstate migration to neigh-
boring states at the time they are making their college
education investment decision (not Just when their education
is completed and they enter the job market). Then the bene-
fat of a college education is constructed as the welghted
sum of the home state benefit stream and neighboring state
beneflt streams, where the weights are the probabilities of
migrating to each state. This is made empiri:ally possible
by actual 1960 data on the state of destination of outmi-
grants from each state of origin. Since in almost every
case the overwhelmingmajority of outmigrants go to neighbor-
ing states, the regional labor market assumption is met.

The antual avfant Af migration on the benefit of edun
varieble is nevertheless quite small, since thé number of
migrants is small relative to‘non-migrants. Thus the home
state earnings difference is still the chief determinant of

the regional benefit term.

Formally, the regional benefit becomes

48 k
BENREG,, = 2. 2. - witZ'Wgtz (12)
2=l temtl (1+7)
where #, = the probability of migrating to the z'® state
(or of remaining in the home state) and z is an index over
states. According to this formulation both college and high
school graduates migrate; if a colle:e graduate migretes he

obtains the benefit stream of the destination state, Since
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it is emvirically true that high school graduates migrate
less than college greduates, a variation of the above formu-
lation 1s attempted by assuming that net interstate migra-
tion by high school graduates 1s zero. In this case the
benefit stream for the college graduate who migrates is
composed of his destination state Wi, but hils home state Wd’
since the assumption is that he}would not have migrated as
& high school graduate. This changes the calculation of
the regional benefit to

48 k
W -W
BENREGy, = Q. 7. &, - "(‘::r)ﬁth (13)
z=l  t=mitl
where the symbol h indicates home state.

The regionai labor market nypotneses are an addi-
tional variation on the question of ‘how Prospective college
students determine their expected net return to the college
education investment,

To simplify the calculation of the regional benefit
term under these hypotheses it will be assumed that if |
interstate migration occurs, it does so once,Aat the comple-
tion of college education., Thus a college educated worker
ottains either his home state return or an out-of-state

reiurn, dbut not some of ea.ch.1

Irre implicit assumption in this section is that
migration is determined outside the supply model. Observed
interstate migration is used as an exogenous variable to
moalfy the calculation of the home state earnings return to
& collere education., Put if interstate migration depends
importantly on earnings differences between states, then

S T+
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A national labor market for collese educated workers.

Under the national labor market assumption, there is a
single national earnings figure for college educated labor
which any college graduate can obtain. It is therefore
constant for all states. Although there are in fact differ-
ences across states in Wi, the state earnings figure is not
releva.nt.1 The national earnings figure is relevant because
those earnings are obtainable by all vis migration which is
assumed responsive to wage differences. Thé national earn-~
ings figure is indicated by the U. S. aggregate median earn-
ings for college educated workers, Wl; This figure_is used
by prospective college students to determine their benefit
from college education. ‘The benefit term under the national

labhor market asgumntin

k
Wyg-Wye
BENNA’I‘it = Z —;—.’g— (1“‘)
tempy (1FT) -

the two varisbles are simultaneously determined and a model
linking them would be desirable. No such effort is made in
this study, partlv because it is likely that the effect of
the earnings dificrence on migration oceurs only after a
lag. and partly because a migration model would likely be
unsuccessful, given the hipgh level of aggregation of the
data in this study (see the note preceding). In any event,
the overall effect of actual migration on the benefit of
education variable is small since the number of migrants 1s
small relative to non-migrants. Thus the home state earn-
ings differencc is still the chief determinant of the
regional benefit term.

1These differences are attributed to the factors
enunerated in the note on p. 41.

i
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The supply equation specified with the national
earnings bencfit term provides a test of the college decision
process as 1t relates to the prospective student's percep-
tion of georraphic mobility and hence the applicability of
state, regional or national markets to the college education

decision.

The Supply of VYoung College Educated
Labor (dgse Group 25H-34)

A supply equation can be obtained for young college
educated workers, age group 25-34 (:ather than age group
25+). It i1s obtained by a mathematical simplification of
equation (3), p. 9. The main reason for making this age
disaggregation is to give a theoretically simplified supply
equation. Lkstimation 1s permittea by the availébility of
‘data on the number and earnings of workers by &ears of

school completed by age group for states in 1970.

If the number of years spanned by the age group 1is
the same as the number of years spanned by the two time
points at which measurements on Ly are taken, then two
variables in the supply equation drop out. The dependent
‘varisble becomes a level rather than a rate of change vari-
able, and the right hand side variable for the number of
leavers from the educated labor category Ly drops out,

Rewrite equation (3) as

ts o
* * o= e* ' ¥*
Litg, ® Li,een* 4 Lft- 2 Lfg (15)
t=ty-n+l t=to-n+l
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where the asterisk superscript indicates the age group 25-34

of members of educated labor category Li- In general the
to
' d* :
number of leavers, 2, LY, , is affected by the initial
t=t°"n+l
stock, L;,to-n’ since departures from educated labor cate-

gory L;, when LI refers to a particular age group, occur by
aging, i.e., by getting too 0ld to be included in the age
group. Now take the age group to be 25-34 yéars old, and
again let t, = 1970 and t-n = 1960. Then in the absence of
migration, the number of leavers from educated labor category
Li in 1961 is given by the number of workers who became 35
years old in that year, which is the number of workers who
were age 34 in 1960, and by the number of deaths. In 1962

“ wmvseet chi Al N mmcemeam Mmenw ol em e S - od ce- W mnmwa eadlh i L mmmn -
sdbads ch Wdh G VL MY QfHAlify A gl ¥V Cal ™Y U2 ASTE LI | T Y\ Yy 1 Oy RITICH

e
wid

35 ir ,'2, which is the number who were 33 in 1960. 1In

G

simi._r fashion, the number of leavers by aging in 1970 is
L 1970
d*
given by those who were age 25 in 1960, Thus ‘2:, Lit =

* t=1960
Li,1950. All of those college educated workers who were

age 25-34 in 1960 have left this educated labor category by
1970. All of those who are now in this category entered
between 1950 and 1970. Thus equation (15), for #orkers with
i years of school completed who are 25-34 years old in 1970,
can be rewritten by deleting the two terms above since they
are equal and of opposite sign. The supply equation

becones
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1970 .
Ligro = & M (16)
t=1950 '

The supply relation under the assumption of no
inter-market mobility of workers, when Lit is disaggregatec
by age, and when the age group is a young age group spanning
&8s many years as those over which the change in Ly is

measured, can be written

* *.
where t, = 1970, t, -n = 1960, and the age group is age 25-34,
. to
*
If migration is allowed, then E:' Lgt re-

enters equation (15) redefined as the number of leavers due
to outmigration.' A correction of L;to for net migration
can be made In the same way as described for the age group
25+, above.

The difference between the supply equations for the
two age groups (equation [17] for age group 25-34 years and
equation [10] for age group 25+) is strictly a mathematical
ocutcome, The same phenomenon is being explained by the same
right-hand side variables in each equation, namely the
number of entrants into the ca‘egory of college educated
labor from 1960 to 1970. The entrants are the same people
in each case. Note that the supply equation for age group
25-34 explains the level rather than the rate of change of
the stock of college educated labor. In the supply equation
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for age group 25-34, the beginning (1960) 1level variable
convenlently drops out, leaving the current (1970) level as
& function only of the determinants of the number of entrants
over the decade 1960-1970. Thus an explanation of the level
can be achieved without regard to past events or the his-
torical pattern of educational development, both of which
would ordinarily be reflected in the current level. It is
for this reason that no large differences should be expected
in the coefficients of the supply equations for the two age
groups eveﬁ though cne equation explains a rate of change

and the other a 1evel.1

lNevertheless further comparisons can be made be-
tween the results for the two age groups by estimating two
additional equations, The equation for the age group 25-34
can be estimated oo o ratc of change vyuailon railner than
as a level equation by simply not making the mathematical
simplification of equation (15). The equation for age
group 25+ can be estimated as a level equation under the
assumptions of the special case degeribed on page 10.




CHAPTER III
THE SUPPLY FUNCTION FOR FEMALES

The supply relation for educated labor has been
specified generally using human capital variables (the bene-
fits and costs of education), a consumption demand and an
abllity to pay constraint (represented by family income and
government loans), and the number of eligible prospective
students. This model is valid for men. But there are
differences in the effects which human capital variables
have on the supply of college educated women. These issues

are discussed in this chapter.

Female Labor Force Experience

On the average women who are in the labor force
spend fewer years of their life-cycle in the labor force f
than do men. For this reason women will obtain a smaller
net return to their college education investment, since
there are fewer years over which they capture the benefits
of a college education. This is especially true because
working women are most likely to Qe out of the labor force
in the child-bearing years, early in their employment cycle,
when the discounting of the wage difference between college
and high school educated workers is small. But the U. S.

49
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Census data does not reflect this male-female difference in
the number of years spent in the labor force. Therefore the
net return to education for females will be calculated with
error because it implicitly assumes labor force participa-
tion every year.

Formally, the benefit of education from labor market
employment includes a variable, T which has the value one

if the person is employed and zero otherwise:

* ,
Wse~W
it "jt
BEN;y = L '““‘“*%‘ " Ty (18)
t=m+1 (1+r)

For college educated males, Ty is almost always one, but
for females there are many years when it is zero. In addi-

4 A
\0‘&..,

GICE EXAPETiciive
affects earnings in the years when females are working since
the less experience a woman has, the smaller her earnings
will be. Thus the female BEN;4 term should be further
adjusted by reductions in Wiy and th. The size of the
reductions depends on the amount of female labor force
experience.

A recent study4by Mincer and Polachek (1974) permits
& crude correction to be applied to the female benefit temm
as calculated from U. S. Census data. Their work on the
work histories of white and black women age 30-44 yields the
information that white women with 16 or more years of school
completed who worked in 1966 spent on the average about 60

percent of thelr years since college graduation in the labor
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force. For white women with 12-15 years of school completed
the corresponding fisure 1s about 52 percent.1 Another
finding of the Mincer-Polachek work is that the number of
years of labor force participation for white females depends
most importantly on whether the woman is married with
chlldren or whether she is childless, either never-married
or married without children. For the U. S. in 1966, white
females age 30-44 who were never married worked 91 percent
of the years since the ccmpletion of thelr schooling, and
white females who were married but childless worked 81 per-
cent of the time. On the other hand,'white females who were
married once (spouse present) and who had children worked
only 38 percent of the time. These results are used to
COnSLIUCL e ludicailur for femaule labor force experience ror
each state, | |

There is data for states on the number of never-
married females and the nunber of childless married females,
by race and years of school completed. Data on these two
variables can be combined into a single index for the number
of childless college and high school educated females since
the effects on female work hlstory of being never-married

lunfortunately, the distribution of the years of
labor force participation over the 1ife cyele, which affects
the present value of future income, cannot be determined,
It is of course known that women commonly work the first
few years after completing their schooling, then are out of
the labor force for several years during child-bearing and
child~-rearing years, and then return to work. This pattern
may not be substantially different from a pattern of an even
distribution of working in terms of the present value of
future income. :
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or of being married but childless are similar. This index
of state female labor force experlence is used to modify the
U. S. average percent of years worked (from Mincer-Polachek)
for each state. Then the observed Wy and wj from the U. S.
Census data is reduced using the state experience variable.
Thls yields a corrected female benefit of education term
which reflects both the existence of years of non-partici-
pation and differences in labor force experience assceciated

with differences in educational attainment.

Household Returns and the Education Decision

The time that women do not spend in the labor force
they spend in household activities. Recently some attention
has been given to the relation between the amcuntiaf human
capltal possessed by women and various aspects of their non-
labor-market behavior, such as marriage, fertility, child
rearing, and the production of household tasks.l For those
women in the labor force who are not or do not intend .to be
professional career women, a household return rather than
& market return may be one reason why they make the college
education investment. The household return may be non-
pecunilary, such as increased efficiency in the production
of household tasks and higﬁer quality children, or it may be
a pecuniary return, such as higher family income.

1See The Journal of Political Feconomy 81, Pt. II
(Mareh/April I9V3), and ©2, Pt. 11 (rnarch/April 1974), for
& discussien ot some of these arguments and a 1ist of
references.
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For some women, golng to college may be a way to
increase thelr future family income in two ways. First, by
going to college, they increase thelr range of marriage
cpportunities, in particular the chances of marrying a
college educated husband with high income and professional

occupation pruspects.l

Second, by getting more education,
wives may be able to increase thelr husband's income, given
thelr husband's education and job experience {Benhan 1974).2
The family income benefit is an economic return to women

but it 1s a household return rather than a market return
since it does not depend on female labor force participa-
tion. This kind of'pecuniary household return may be
relevant to women who plan to be married and have childrén
and who therefore are (statistically) likely to spend some
years out of the labor forceﬂ It may not be rélevant for

women who plan to work continuocusly throughout their life

cycle in professional employment. Also, if a female does

lThe argument 1s not the traditional and partly
facetlous claim that girls go to college to find a husband.
Most females who want to marry have ample opportunities to
do so without going to college; dbut by going to colle§e they
expand their range of cholce--they enter a different "mar- .
riage market." The argument does not deny that there may be
desirable non-economic characteristics of college educated
men. Also "marriage market” motivations may be operative
in men as well as women. It is only because of the non-
continuous labor force participation of most college educated
women that it 1s necessary to invoke the household returns
hypothesis for women.

2Benham sugpests that human capi-al is formed within
the household, as well as in formal schooling and in Job
training. The process may be one of the spouse serving as
& close subctituic for the partner's own formal education by
helping acquire information, skills and advice.
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not plan to be employed after college graduation (and hence
pays 1llttle attentlon to the immediate market benefits and
costs of a college education), she may nevertheless realize
the financial security of a college education in the event
she 1s later forced into the labor force. Females may go to
college for long run family income reasons, or for "insur-
ance" reasons.

Women who lnvest in a college education for & house-
hold return reason will not be responsive to changes in
their market net return to a college education. Rather,
their purchase of a college education is to be explained by
the non-market household return and a consumption demand.

In other words, a simple model is that while most men invest
i cudlege edueaiiun Lo gei & pecunlary ma;‘heb: reiurn, only
some women make the investment for that reason, while others
do so to obtain a household return. If this is true, then
in the aggregate the response of women to changes in the
market net return will be less than the response of men.
Proportionally fewer women than men are motivated to invest
in a college education for its market return. For those who
are not so motivated, changes in the market return will have
no effect, and in the aggregate the coefficient on the
market net return will be smaller for women than men. That
is, college-going for women may be viewed as an average of
two probabilities. For one group of women, the probability
of going to college, given a change in the market retgrn,

may be the same as that for men. For the other group, the
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probability is less, maybe zere, The suﬁply equation, for
both groups in total, estimates a weighted average prob-
ability which is less than that of the former group by
itself. The hypothesls to be tested is that the supply of
college educated females will respond weakly 1if at all to

changes in the female market net return Lo college education.

Empirical specification. There remains the question

of how to specify the equation for the supply of college
educated women to take into account the pecuniary household _
return hypothesis. First, an attempt is made to distinguish .
between observations on the expected strength of the market
return vs. household return reasons for investing in a
college education. This approach permits the market net
return variable to take on different coefficient values de-
pending on its relcvance to different observations. Second-
ly, an empirical formulation of a household return variable
is entered in the supply equaticnu. it is weighte@ with the.
| market return variable according to the proportion of women
for whom its effect is expected to be important.

In the first approach, it is hypothesized that the
market return is most relevant to women when they are
engaged in labor market activities (i.e., obtaining a market
return) and that they arc more likely to be in the labor

force 1f the market return exceeds the housechold return.l

lI am indebted to Jacob Mincer for suggesting this
possibility. .
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Conversely, i1f the household return exceeds the market
return, females are less likely to be in the labor force

and more likely to be engaged in household activities. If
this 1s true, then information on female labor force partici-
pation can be used to indirectly indicate the cases where

the market return is likely to be a relevant college educa-
tion decision variable. The U. S. has in the past had a
very rapld increase in the labor force participation rate

for young (age 25-34) college educated womeh. This may
reflect a respconse by women to obtain a (high) market return,
in excess of a household return. In such a case the market
return 1s llkely relevant to the college education decision

of women. On the other hand, if the increase in the labor

it axr

—egs

forece participation rate Jo smalld or even negative,
imply the market return 1s less than the household return.

In this case the market return would not be an important
decision variable.

In sum, the market return i1s important to the Eollege
education decision if it exceeds the household return, be-
cause then participation in the labor market is more likely.
Therefore, labor force participation data can be used to
distinguish states where the market return is likely to have

an important effect on the supply of college educated women.1

lAn alternative means of distinguishing between
states on the relevance of the market return i1s to use the
finding that women who are single or married but childless
have a labor force participation history which is very
similar to that ¢f men (continuous working). The market
return is relevant for childless women. However, it is
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Econometrically this can be accomplished by the use
of a dummy variable. In particular, the supply equation is
written with a multiplicative dummy variable added. (For
illustration a functional form is specified which is linear
in logarithms because that is the form whici: is used for the
estimation work later on, but that cholece is irrelevant to

this illustration):

1nL_?{=a°+allnBEN+a71n(BEN*DUM)+a21ncos'r
+ a3 ln HS f-au In Y + a5 1n LOAN
+ a5 1n Q +u (19)

‘where DUM in the new variable BEN *.DUM is a dummy variable

which takes the value zeio if the incecrease in the labor
force participetion rote £, fomalez ogc 28 34 from 1950 io
1960 was much below average, and one otherwise. This pro-
cedure permits the ccefficient of BEN to take on two differ-
ent values. If DUM = 1 (indicating that the market return
is likely to be relevant) then the regression équation
becomes In Li = a5 + & in BEN + & 1n BEN + ..., and the
coefficient of BEN becomes a; + az. If DUM = O (indicating
that the mar’et return is not relevant), then the coeffi-

clent of BEN 1s Just al.l

unlikely w..at marital and family status can be well pre-
dicted by 18 year old girls. Furthermore, this variable
would not distinguish the relative attractiveness of the
market return for women who plan to have c..'ldren but also
work. Therefore this approach was not used,

lThe change in, rather than the lcvel of labor force
participation 1s used because the latter is more likely to
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. The second approach to the houseﬁold returns problem
requires that the household return be empirically specified.
Since 1t 1s clearly not a uni-dimensional variable, only a
partial representation of it can be achieved. One dimension
of the pecuniary household return obtained by women as a
result of college education is higher family income. This
benefit depends on marrying a husband with high income and
occupation prospects, and on enabling the husband{s income
to be higher, given his education (see p. 52),
The household benefit can be specified in two
alternative ways. First, the market benefit obtained by

e —— e —— ¢

éoliege'eduéated-meh, rather thanwwoﬁéﬁ;ﬁéén bé ﬁéé&“in the
supply eduation for women. If women pay little attention
tn thelr market henefit of o 2olloge cducaticn bocause they
expect to spend many years out of the labor force, but
women do go to college to get the specific household return
of & higher incomes husband, then the male benefit term |
should have a positive effect on the supply of female col-
iege educated workers. Of course not all women choose to
marry, so high income husbands are not relevant in all
cases. Thus a correct specification would include the male
market benefit weighted by the proportion of college edu-

cated women who are marrled, plus the female market benefit

reflect ecconomic and social characteriscics (such as indus-
trial structure, lcvel of income per capita, and attitudes
about equal rirchts for wemen) which may not be related to
the size of the market return relative to the non-market
return for college educated women.
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weighted by the proportion of females who are single. Addi-
tionally, a new variable should be added to the supply
equétion: the ratio of male enrollment to female enrollment
in colleges. Under the "marriage market" hypothesis, the
probability of success as well as the size of the payoff is
important; the higher the male/female enrollment ratio, the
higher the probability of marrying a high-income male.l

A second way to specifly the household benefit for
women is to use information on the family income of familles
where the wife is college educated vs. families wher» she is

~--high school educated. . This measure would incorporate dboth

the probabilities of marrying a higher income husband and
the increased chance that & college educated married woman
would herself spend mbre time in the labor torce and thus
contribute to family income. The same welghting procedure
as above applies to this family income specification of the

household return.

Other Male-Female Differences

In determining the specification of the supply equa-
tion fof céllege educated labor, it was assumed that private
capital markets for the individual finance of investments
in higher education do not exist. The ablllty to pay for a
college education, indicated by income and by government

loans, was therefore a determinant of the supply of educated

lOf courcs if a high male/female enrollment ratio
encourages more women to enroll, the ratio will decline,
unless there is a counter-response by men.
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labor. Since female students have smaller part-time earnings
than males, they are less at.e to pay, and so more females
than males arc prevented from going to college on this
account,; given the same net return. If the net return is
favorable, not only willl there be fewer college educated
women than men, but also the responsiveness of women in the
aggregate to changes in their ability to pay will be greater
than for men. When the ability to pay oflwomen goes up,
proportionally more will then be able to make investments

in college education, given a favorable net return, because

proportionally more were previously prevented from doing so

by an inability to pay.

If fewer women than men regard education as an in-
vestment good, then more women than men regard education as
a consumption good, or as a good yielding non-pecuniary
returns (the household return of higher quality children is 
an example). In the aggregate the quantity response of
women to changes in the determinants of the non-pecuniary
consumption demand a household £eturn Zor education should
be greater than the quantity response of men to these vari-
ables. That is, while the market or investment net return
to education has a stronger effect on the aggregate supply
of college educated men in the labor force than it does for
women in the aguregate, the reverse is true for non~-market,
non-investment returns. Since more women than men are
motivated to purchase a college eduéation for reasons of

obtaining consumption benefits, the income variable, which
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tffects the purchase of education as a consumer good, is
expeected to have a stronger effect on the aggregate supply
ol college educated women than it does for men.

An additional problem with the market net return
variable is that it contains an assumption about how pros-
pective students form expectations about future earnings
which may not be true. If earnings by level of educational
attalnment are stable over time, then the expectations
hypothesls 1s less critical than if earnings change rapidly.

If the earnings of women are less stable than those df men,

then we would -expeet-the market net—return varisble to per-— ————
form less well in explalning the stock of educated women

because the calculated net return to education used in the

menmTremt aa cemieT 1&

~ VYV mma TL2% "
Sk A btredn Y 0f ke b Y S bl - RO hddnCd Y

students' calculations of the net return to education.
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CHAPTER 1V
THE DEMAND FOR COLLEGE EDUCATED LABOR

A major hypothesis of human capital theory is that
workers with different levels of educational attainment con-
stitute different factors of production, and can therefore

be considered separately in the analysis of labor markets.

The disagpregation of heterogeneocus Yabor into several
separate factors, distinguished by educational attainment,

has showm its analytical‘value.l

A labor market analysis
price and quantity disequilibrium adjustment process for
certain college educated labor specialties (Freeman 1971).

In this paper college educated labor is treated ac-
cording to conventional factor demand theory. An aggregate
demand function for college educated labor is derived from
neoclassical production function theory. The parameters of
the demand function are estimated in a U. S. cross-sectional
analysis. The results from thé demand model are put to-
gether with the results from the supply model to provide a
labor market interpretation of the price and quantity

1See, for example, the work on the explanation of
economic growth of Denison (1962), Griliches (1964) and
others.
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behavior of college educated labor in the U. S. A knowledge
of the responsiveness of the quantity of college educated
labor demanded to changes in its price and to changes in
demand curve shifters is also useful as a guide to manpower
policy.

| In general, the demand for a factor of production
depends on the price of the factor and on factor demand
curve shifters, which are the conditions of supply of
related factors of production and the conditions of demand

for final output, with the production function for final

«———nn

dutput‘givEﬁ:“MTHé”gpéﬁiTIEEfiﬁﬁ“Bf”fﬁé“ééﬁdithﬁs“6f“§ﬁ§§i§””“’
of related factors and the conditions of demand for final

output depends on the market structure, the unit of analysis,

and the length of run. For a firm in competitive factor and

output markets, the correct specification includes the
Prices of related variable factors of production, the quanti-
ties of related fixed factors, and the price of output.

In this study the unit of analysis is not the firm,
but rather the labor market, which is empirically approxi-
mated by states of the U. S. The task at hand is that of
specifying an aggregate demand equation for educated labor
by a state. This raises two questions: What are the ex-
Planatory variables, and what 1s the functional form of the
equation?

The technique of formally deriving a firm-level
factor demand equation from the profit maximization condi-

tions of the firm 1is well establislied in the neoclassical

- (g
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theory of the firm. In this study an aggregate rather than
a firm-level factor demand equation is required. It has
recently been shown by Gould (1966) that such an aggregate
factor demand equation can be obtained by a modification of
the firm-level derivation which reflects the difference in
the.level of analysis. Such a derivation will dictate the
variables which enter the equation and the functional form
of the equation. The resultlng aggregate féctor demand

- equation reflects the conditions on the supply of related

factors of production and the conditions of demand for final

output which the use of states as units of analysis imposes.
This demand theory, developed.in the following pages, will
be applied to the analysis of the demand for college edu- |
Caved labul Ly ébdhca'uf tiie Ue S. A variant of the youla
model worked out by Waud (1968) forms the basis of the

following section.

A Three Factor Model

The demand theory begins with the derivation of a.
factor demand curve for a firm. Consider a model in which
there are three factors of production, Lis Lj, and X, where
L

i
and K 1s physical capital (e.g., Ly might be workers with a

and L‘j denote labor of different educational attainments

ceilege education and LJ workers with a high school educa-
tion). The objective of each firm is to maximize profits, IT.

B Pg - WiL:L - WJLJ - RK | (20)
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where p is the price of output, q is the quantity of output,
and Yy, wd, and R are the prices of the factors Li’ Lg: and
K, respectively. Take the production function to be Cobb-
Douglas,

?* = ALidi LJ“J xf (21)

Maximizing (20) with respect to Lj leads to the marginal
productivity relation for Ly, '

aifg' = e(lALf‘i' Ldudxﬂ -Wyg = 0  (22)

§t: - L T F (232)
The ssme procedure may be ropooted for cach factor, yiclding
E§L L P
J J
o _ = _R
3X 23 - | (23c)

Note that the analysis so far is for firms operating
in competitive factor and product markets. Each firm there-
fore faces an infinitely elastic product demand curve and
deternines output by equating price and marginal cost. (If,’
however, the assumption of pure competition among firms is
dropped, or the analysis is for a monopolistic firm, then
the price variable, p, in equations (23a), (23b), and (23c)
is replaced by marginal revenue, MR = p(1+1/» ), where 9 1s
the price elasticity of the demand curve ior output faced by
the firm.)

&
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.To obtaln the expression relating Li, Wys and the
other factors of production, substitute (21) into (23a),

T peliALidiLidJi{ﬁ ol
1 o (24)

In the analysis of the demand for a factor of pro-
duction by a firm in competitive factor markets,
usually assumed that the supply curves of the other t-ctors
of production, in this case I.‘j and X, are perfectly clestic,

The firm can employ any amount of these factors without

s — -

éffééting thei} p;igéé. In this case-;he deméga equaéigﬁ
for Li would be written in terms of the pricgs of Lj and X
(Wj and R respectively), and not in terms of their quanti-
tles as in equation (24). But when states of the U. S. are
the units of analysis rather than the firm it is not clear
that this is the correct specification. Ideally in studies
suéh as this, one wnuld hold constant the supply curves of
related factors of productien. The assumption of perfecily
elastic supply of related factors is an empirical compromise,
The consequences of using such an assumption have been noted
by Waud (1968) and Gould and Waud (1970). |
If the foregoing derivation 1s continued under the
assumption that the supply curves of the factors LJ and X
are perfectly elastic, each must be replaced in (24) by
expressions for LJ and X in terms of WJ and R, respectively.
Solving (23a) for q and substituting into (23b) and then

(23c) leads to an expression for Ly in teims of Wss Wy, and

o 7 8
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Li’ and an expression for X in terms of Wi’ R, andei.
Substituting these expressions into (24) gives

R .1
W; = po{ AL e _— = i
i h Rl | ngi) R o

For firms in a competitive product market, p is a
given and is equal for all firms. Thus each firm has equal
marginal cost of production as a.direct result of the profit

maximizing condition of p = MC, and in long run equilibrium

S —

each~firmalsc has equal average cost S0 that p = MC = Ac.™
“For states of the U. S., & national product market can be
assumed so that p is equal in every state. Hence for the
aggregate factor demand equation the p = MC candition is

a 190 mnaos ed . HC‘.‘.’E‘."Q:‘

“‘ﬂ“ 2% favn
——ye -~ - -~

e & deln Ty
[T y-a -~

3 S &l Thc U. 0., p nay
not be a given; some states may not be price takers. Several
states account for a substantial share of total U. S. output
and thus would be able to affect p by virtue of their

- economic activity (e.g., California accounts for about 11.3
percent of U. S. personal income [GNP data is not available
by state], New York has 11,0 percent, and Illinois 7.0 per-
cent, in 1970). Therefore p can be replaced by the output
demand schedule faced by the state. Let the output demand

equation be
o) -an'Is (26)

where BE=149 and I represents output demand curve shift
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varlables, not yet specified. (If the output demand equa-
tion were written with g on the ieft hand side then the
Price elastlcity of demand for output s 2 , would be the
coefficient of p on the right hand side, given this func-
tional form.) Substituting (26) into (25), simplifying, and
making Li the dependent variable, we get the factor demand
equation for .'Li:

a3 8 1

. adl. _
L =(%) ° ‘(%‘;})Ti (8)° (2)® (o)™ (en)

where & = 1+¢§

b = 1-g( °11+°[J+/3) .

The differences between this aggregate factor demand
equation (27) and the ractor demand equation fcjr a firm in
Pure competition are in the exponents én the’ factor price
variab;es » the presence of the aggregate output demand curve
shift \';aria.ble I, and in the constant term., All of these
differences are directly traceable fc the substitution of a
function for p in the place of p. In the factor demand
equation for a firm, the assumption is required that
.c(1+ o(J-r-ﬁ < 1. UWhen the output demand curve is perfectly
elastic, decreasing returns to scale are required to obtain
& solution to the profit maximization problem. Unless
average costs rise in the long run, the firm's output is
infinite or indeterminate. In the aggregate factor demand

equation, constant returns to scale can be handled since

- 80
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b> 0 in absolute value must always be true, even if OIi+ Q.'J+/3
= 1 because a # 1 as long as -9 <oo. The downward sloping
demand curve for output provides a determinate long run
output under both decreasing and constant returns to scale.
Increasing returns to scale can be handled as long as output
Price falls faster than average cost as quantity increases,
which requires that =% ¢Syt X3+f3 -

If logarithms are taken on both sldes, (27) can be

written as a linear regression equation,

Inl; = -_tml:a(-éé-“"’?‘“)u] In Wy - fgll 1n Wy - 3{53 In R +

+ -é InI +¢C (28)
l-a{oli+/3) 8-5;
= b
where the constant term C = (&) (3)

(8) D (a®D)F .

The sigﬂs of the coefficients of the factor demand
‘equation can be predicted on a priori grounds. The sign of
the coefficient on the own-wage term Wy will ordinarily be
negative. It can only be positive if there are increasing
returns té scale. This is a necessary but not sufficient
condition for a positive own-wage coefficient. 1In addition,
the price elasticity of demaﬁd for output must be elastic
and high, The signs of the coefficients on the prices of
related factors of production may be either positive or
negative, depending on the price elasticity of demand for
output and the nature of scale returns. If the price elas~

ticity of demand for output is inelastic, then these signs

81
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will be positive. If the price elasticity of demand for
ocutput 1s elastic, these signs will be negative unless there
are'increasing returns to scale. If these are increasing
returns to scale, the signs may be elther negative or posi-
tive. A positive sign is more likely if output deamand is
very elastic and/or increasing returns to scale are sub-

stantial.

Issues in Estimating the Demand Model

Several lssues may be raised before the factor
demand equation derived above is estimated. They concern
(1) the form of the production function,‘in particular
whether the Cobb-Douglas functional form is appropriate,

(2) the location of production by industry--its im=lications
for the estimation of a cross-sectional derived demand equa-
tion, and (3) the treatment of output demand curve shift

variables.

The .for:n of the preciuction function. Since the

factor demand equations finally obtained from this profit
maximization model are influenced by the form of the produc-
tlon function chosen, one should ask about the suitability
of the Cobb-Douglas production function for this analysis,

Vi o8

In particular, one should ask whether the implication that
the elasticlities of substitution between all factor pairs
~are constant and unitary is fulfilled in practice. In his
testing of this implication, Griliches (1964) concluded that _
thore is no strong evidence against the Cobb-Douglas form
- 82
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4n manufacturing industries or in agriculture. This con-
clusion was obtained from experiments with a labor demand
equation derived from the CES production function. It also
applies to a direct test on the CES function. Although the
factor inputs in these tests were undifferentiated labgr and
all other physical capital inputs, CGriliches made an attempt
to take into account differences in the quality of labor by
introducing a separate education variable. Thé estimated
elasticity of substitution was not consistently or signifi-
cantly reduced belew unity. (See Gri..ches [1964, 1967]

for a thorough discussion of this matter.) However, in a
later study, Griliches (1969) suggested that skilled labor
i1s more complements:;y with physical capital than is unskilled
labor. And recently Berndt and Christensen (1974) concluded
that the Allen partial elasticities of substitution betﬁeen
pairs of inputs were quite different.l These‘latter two
studies cast some doubt on the suitability of the Cobb-
Douglas function. But they both disaggregate labor by
"dccupation ratirer than by education. Since the 1link between
‘cccupation (as defined in government data sources) and edu-
cation is weak (Bowman 1972) and since the earliexr Griliches
study incorporated an education variable, evidence is un-

clear, .nd the Cobb-Douglas function is used in this study.

L

1They estimated average values of 3.72 between blue
collar production workers and physical capital, -3.77 between
white collar nonproduction workers and physical capital, and
7.88 between production and nonproduction workers in U. 3.
manufacturing industrices.
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The location of production. The demand for a factor

of production is a derived demand and this study is a cross-
sectional study. Therefore theoretical assurance is nceded
that not all of any given industry's output will be concen-
trated in a single state. Three arguments can be made.
First, the expansion of an industry in a state via increas-
ing firm size would ordinarily be limited by decreasing
returns to scale. Secondly, the expansion of an industry in
& state via increases in the number of firms (i.e., by entry
or by firm mobility), would ordinarily be limited by the
pﬁenomenon of an increasing cost industry. Thirdly, even in
the absence of increaéing costs, factor mobility may occur
to equalize the average cost of production for firms in the
industry across states and thus prevent the concentration
in any one state. These three considerations--decreasing
returns to scale for the firm, increasing costs for the
industry, and factor mobility--may serve to prevent the
concentration in the long run of an industry in a single
Tocation. -And no-such-concentration is observed in practice.
Therefore the cross-sectional empirical analysis can pro-

ceed.

The treatment of output demand curve shift variablec,

The formulation of the output demand curve shift variable I
depends on the unlt of analysis. YFor a competitive firm, .
I 1s replaced by p, the price of the output. For a competi-

tive inductiry or a monopoly firm, I should reflect variables
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such as income, tastes, prices of related goods, and popu-
lation. In this siudy the labor market is the unit of
analysis, which, due to data availability, 1s teken to be
states of the U. S. If observations are taken on states,
the ocutput Q is heteroegenous, covering m~st or all indus-
tries, while the labor factors are homogenecus with respect
to quality or skill, insofar as that is represented by
formal schooling. Therefore, indicators for shifts in
demand for aggregate output, such as state or national
income, need not have significant effects on the demand for
particular educated labor factor Li' If there are differ-
ences in educated iabor factor intensities across industries,
then the derived demand for particular educatei labor factor
Ly QTponds i the industilel cuwpusition of aggregale output
as well as on its level. Thus the industry mix in a state
becomes & shift variable in the demand for educated laber |
factor Li. Furthermere, if there are national prodﬁct
markets, state income would not be the determinant of state
production and on this account also would not Le a demand
shift variable. Only some service industries have local or
state markets and would be affected by state incomc.l

One way to represent the industry mix in a state is

to use a seriles of variables, each indicating the size of a

lThe educational services industry may be one example
which 1s relevant for women. The market is chiefly local or
state, and if the teacher/student ratio is affected by state
income, then the demand for college educated women may also
be affectcd.
83
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particular industry. Industries may be defined in terms of
educated labor factor intensitles. This can be determined
from U. S. data on the educational distributlion of employ-
ment in detailed industries. |

- At best, using a series of industry variables is
only an approximate control for industry mix, since industry
data is not organized by factor intensity. A more exact
way to represent variation in the industrial éomposition of
output follows from a relation obtainable from the Cobb-
Douglas production function. From (23a) and (23b), the
relationship between a factor quantity ratio and a factor

Price ratio is obtained:

Do W N

The ratio of the two educated labor factors Ly and
L'j is eqﬁal to the inverse ratio of their wages multiplied
by the ratio of the production coefficients of the factors.
Because the simple correlation between Li/Lj and Wj/Wi
across states is not perfect (r = .255), that means each
state has different coefficients &, &y on its aggregate
production function. This may be explained by differences
in the industrial composition of output (i.e., a given
industry has identical production functicns across states,
but each different industry has di.rlerent coefficients).
Therefore, the ratin o/ O(J which satisfies the equation

above for each state 1 a reflection of the industry mix in
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each state. Variation in c(i/o(J across states is due to
variation in industry mix, and that explains the departure
of the observed Li/LJ ratio from that which would be observed
glven the prevailing wage ratio and industry homogeneity.
The ratio o/ c('j may therefore be used in the educated
labor demand equation as the industry mix demand curve shift
variable. The industry mix in each state is assumed to be
predetermined. It is an exogenous variable in the factor
demand equaticn.l

Finally, a third way to proceed is to avoid the
industry nix problem altogether by disaggregating factor
quantities and prices by industry, taking data on Lis Wys We,
anu R by industry, and then building up total Ly by summing

across industries, L, = L + L

1 iA iB
subscripts A, B, ... , Z indicate the industry for which L

+ co0 + Liz’ where the

i
ls explained. This procedure entails the specification and
estimation of demind equations for L; for each industry

considered.? But the approach of disaggregating by industry

lFirms display some geosgraphilc mobility as well as
workers, so one might ask if the location of production is
determined by L;y anc ic thus not exorenous., But it is
factor prices (Operating via cost functions) rather than
factor quantities that determine the location of an Jndus-
try's output. O©f course L; and W, are simultaneously deter-
mined, so L; may aff:ct Lhe state industry mix indirectly
via its effect on Wi. But the location of industries would
adjust to changes in Ly only with a lag. In the factor
demand equation, Ly is” contemporaneous with the industry mix
variable, ithus ensuring that it is endogenous.

| 2Following the technique used to obtain (27), these
demand equations can be shown to be of the form
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is not possible since there is no data on years of schqol

completed by industry or on ecarnings by years of school cou-

pleted by Industry for states of the U. S. except for the
agriculture industry. (The quality of labor variable which
“riliches [1967] used in his estimates of the U. S. manu-
facturing production function was constiructed using occupa-
tion rather than education data.) Thus we are left with
elther specifying a series of industry variables, or using
the ratio of production coefficients C{i/CME to imply the
industry mix more exactly.

1-ap (o5n+/3y) ancia anfa 5 1
L. - A PA° oyp PA gy DA . Ty b A% PA
1A 7 Wi JA Ra A "A
vhere ap = 1+ Ta - ' .
bA = l-aA‘?dipx‘I‘ de+/3A) .

To obtain the demand equation for Lips ¢+« 5 Liy, simply

Substitute B, ... , Z wherever A appears above. Note that
estimating Ly as Ly = £(Ly, + Lig * <+« + Ljg), where Lj, =
TalWips Wsns Rps Ya)s Lig = fB(Wims Wyp, Ry, ¥p)y ... ,

Liz = f7(Viz, W5z, Ry, Yg) involves non-linear estimation
since 1n Iy = 1n (fj + fg ... + Tz) and fp, fn, ... , Ty .
are each themselves nultiplicative functions. Thus ambigu-

ity due to the non-uniqueness of the parameter estimates is
encountered,
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CHAPTER V .

ESTIMATION OF THE SUPPLY MODEL: WHITE MALES

The supply model is estimated from U. S. cross-
sectional data, with states as the units of analysis. The
supply of college educated white males is measured in 1970.
Supply determinants are measured in 1960. Eefore estimating

the equations, two empirical problems need to be taken up.-

Empirical Problems

One empirical problem is variation across states in
th: quality of schooling, and in the poss ‘ility of ration-
ing of places in colleges. The other is variation in |
measurcd earnings data due to differences in the absoclute

price level across states.

Quality of schooling and rationing of.places. There

are two aspects of the quality ¢f college education. One is
schooling quality which produces an objectivoly better
qualified graduate and which 1s subsequently reflected in
the earnings of college educated workers (albeit imperfectly
and perhaps with a very long lag). High gquality states
would on this account be expected to have more college
educat~d workers than low quality states via higher net

returns to college education. There may 2l1so be immediate

]

7
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and ultimate amenities of schooling which arc non-pecuniary
and which do not affect market wages, but which do affect
college-going decisions, (Examples are personal associa-
tlons and physical environment.) Therefore the equations
for the supply of college educated labor should contain a
variable for non-market quality of schooling. This dimension
of school quality cen vary independently of the private
benefits and costs of schooling and may affect the supply
of college educated workers. |

At the same time that the quality of schooling in a
state may affect the desirability of college attendance, a
shortage of places in colleges may constrain the ability of
prospective students to attend college in that state. A
common view heretofore has been that rationing of places in
colleges really was not a constraint on college attendance
in the aggregate--there was always some college for every-
one, even if not a first choice college. Some new explora-

tory work in this area suggests, however, that rationing

‘may have a role; that the -supply~ of educhtion may constrain

the subsequent supply of educated labrr, A thoroughgoing
analysis of rationing requires a simultanecus equaiions
médel of the supply and demand for education. That is not

1 But a rationing variable, along with a

undertaken here,
non-market quality of schooling variable, is used in the

equations for the supply of college educated labor.

1see MePherson (1974) for such a model.
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| Both non-market school quality and rationing are dif-
flcult to measure. Indicators proposed fcr the quality of
schooling include expenditures per student, faculty salaries,
aptlitude test scores of entering freshmen, selectivity of

1 The

admlssions, and composite ratings (partly subjective).
merit of onec lndicator relative to another is not easily
Judged. But intercorrelation between the various quality
measures 1s usually quite high.2 Three alternative indica-
tors are used in this study. One is the acceptance rate of
applications for admission to colleges and universities. This
data was available for 196. Its correlation with average

SAT scores of entering freshmen is high, r = .88 (Astin 1966).
Second, private college enrollment as a share of total en-
rollment may reflect school quality since it is sometimes
thought that private colleges provide the amenities which
constitute non-market quality. Third, non-market quality is
indicated by a measure of "attractiveness'" of a state's

higher education system developed and gquantified by Gossman

. .(1968, ch. 12). The attractiveness index 1s a paramenter of
& gravity model for student migration between states. It
measures the attractive force which one state has for students
in other states. It depends on ta1e absolute flow of student
inmigration to a state, the distance from other sta*es, and

the outmigration potential from other states. Because this

lThe Gourman Report is an example of the latter,
2

See the study by Solmon in Solmon and Taubman

(1973).
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measure of the attractlion which a state's schools have for
out-of-state students takes into aceount proximity to
sources of students, 1t may lndicate the non-market quality
of the state's schools.

To obtain an indicator for rationing, Gossman can
again be used. There 1s no direct measure of rationing, but
the evidence in Gossman (Ch. 10) is that the outmigration
rate of college students is related to rationing. The out-
migration rate is caleulated as the number of students who
leave their home state to go to college divided by the total
number of residents of the state who are college students,
both ocutmigrants and non-migrants. The outmigration rate
becomes an indicator for rationing when it is used in a re-
gression equallon containing voih the marketi return to A
college and the non-market quality of schooling. When these
variabies are held constant, outmigration of students re-
flects the effects of forced exits, or rationing, on the

state's supply of college educated labor,

- - - - »

The absolute price level. An undesired‘scurée of

varlation across states in the earnings and family income
data is differences in the absolute price level. The analy-
sis should be conducted in real rather than nominal terms.
There is no'published data on cost of living indexes by
states. But there is cést of living data, which is com-
parable over space, for 4O metropolitan areas and for four

non-metropolitan regions from the Bureau of Labor Statistics
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(see Appendix I). There is additional cost of living index
data for 154 citics from the American Chamber of Commerce
Research Asscciation. All of this data was used to con-
struct an index for the absolute price level for each state
for 1970. All dollar~-denominated wvariables entering the
supply equation were deflated by this index.

The Estimating Fquation and the Hypotheses

Two basic supply equations for college educated

labor were estimated. The equation for the age group 25-34

years is:
In Li = &g + a; 1n BEN + a5 1n COST + ag 1n HS + a 1n Y
+ 85 1n LOAN + 8g 1n Q + u (30)
where Ly = the share of white males with income ége
25-34 who have lSlor more yvears of school
completed in 1970
, m ‘
1 1 \
BEN (Wi Wj) [1‘ Z —(-m] (l-ﬂ) = median
t=1

annual income of college minus high school
educated white males age 25 or more years in
1960 (Wy-W;), cumulated over the working life
and disccuﬂted back tec the college decision

p yYear, and multiplied by the probability of
getting the benefit stream (where (> = the
involuntary drop-out rate)

lﬁecause the size of states of the U. S. varics
greatly, the absolute number of collepre educated workers is
scaled by the size of the relevant population. Since the
data on years o1 school completed refer to adult males with
income, we may speak of this as labor force data for all
practlcal purposes.
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m § pt
W, - W* + DC
COST = ZE: - 1 i . (1-(9) = net fore-

to1 (1+r)
gone earnings w&, which is median annual
income of high EBchool educated workers ape
18-24 in 1960; minus average part-time income
of college students in 1:00; and direct costs,
which is revenues from tuition and fees minus
scholarship aild plus revenues from room and
board per student in all public and private
four year institutions of higher education.
The costs are cwiulated for the m years of
college and discounted pack to the decision
year, and, as for BZN, are multiplied by the
probability they will all be incurred.

HS = the number of new high school graduates in
1960 as a percent of the population age 18

Y = median annual income of husband-wife families
whose head of household is age 35-54 and who
have children age 18 or under in 1960

LOAN = government loan funds disbursed by four year

- institutions of higher education per enrolled
student in 1966 '

Q = the quality of schooling, indicated by the
acceptance rate among four year institutions
of higher education, or alternatively by the
Gossman "attractive' index.

The second basic equation is for the age group 25+

years., It differs from equation (30) in its empirical speci-
.fication only insofar as the_ dependent_quantity variable

changes from the level variable LI to the rate of change
variable ALy, where ALy indicates the change from 1960 to

1970 in the share of college educated white male workers

age 25+ in the labor force who have 16 or more years of

school completed.

Both data on years of schoecl completed and income

by years of school completed come from the U. S. Census of

: 94
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Population, 1960 and 1970.%

Four variations of these basic supply equations are
estimated.

(1) An alternative hypothesis about how prospective
students determine the benefit of education is tested. This
hygothesis sd&s that prospective students predict the future
earnings of college and high school educated workers rather
than use their current earnings (p.16). When this hypothe-
sls is invoked, Wy and WJ in the benefit term are defined as
above, but measured in 1970 rather than 1960. The cost term
is unchanged, but of course a new net return term is ob- |
tained.

(2) An experiment is conducted with a different
dndicalor for yuality of schoollng coupied witn the intro-
duction of rationing of places &s a possible supﬁly con-
straint. The new quality indicator is the Gossman "attrac-
tive" index, and the rationing indicator, RATION, is the
student outmigration rate in 1963 (see pp. 77-80).

(3) - The potential effects of geographic mebility
of workers on the supply model are introduced. First, the

supply equations are estimated with observed net interstate

1The indicator for the number of leavers from edu-
cated labor category Lj (Lgt) was not nsed in equation (30).
Not only is the total numbeér of collere educated workers
age 55 years or more in 1900 an imperfect indicator for the
nundber of dcaths of such workers between 1960 and 1970, but
also the number of such workers was small in 1960, so that
most of the change in Ly between 1930 and 1970 must be
accounted for by entran%s rather than by leavers.
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migration of college educated workers taken out of the
dependent variable L; or &Iy in order to return to the no-
mobility model (sce pp. 38-40). Second, the hypotheses
that prospective college students are aware of some prob-
ability of outmigration from their home state for employment
in another state are introduced. Under the regional migra-~
tion hypothesis, a new 'enefit term is calculated which
includes not only the home state benefit, but also the bene-
fit of a college education in other states and the probabili-
ties of migration to these states (see pp. 41-43). Also,
the hypothesis that there is a national market for college
educated labor 1s tested. Under this hypothesis, the same
national college earnings figure is available to all college
giaduates (see pp. 4h4-45),

(4) Two alternative functional forms of the supply
equation are estimated, since there i1s little theoretical

basis for choosing one form over another. First, the supply

,equation 1s estimated as a linear equation without making

the logarithmic transformation. Serond, the benefit and
cost of educatlon terms are combined into a single net re-
turn term, NR, in a log-linear specification. Evidence can
thus be provid-d on the sensitivity of the estimated coeffi-
cients to the functional form specified. The original
log-linear specification 1n Ly = &y 1ln BEN + ap 1n COST

+ ... of equation (30) is a different functional form from
the alternative log-linear specification 1n LI = & ln NR

+ ree 5 Just as 1s the specification LI = C NR 4+ .00
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without the locarithmic transformation. Each specification
implies different relationships among the coefficients a4,
&5, &, and c. Since NR = BEN - COST, the specification
L} = ¢ MR + ... is equivalent to L; = ¢ BEN - ¢ COST + ... ,
i.e., the estimated coefficients of BEN and COST should be
equal (but of opposite sign) and the coefficient of NR
(estimated in a separate equation) equal to that of BEN,
when the supply equation is linear. If the alternative
log-linear functional form 1n LY = a 1n NR + ... is used
and subsequently NR is broken down into BEN and COST, the
resulting equivalent specification is 1in LI = a 1ln BEN
+ & 1ln (1 - E%%%) S ,l which is clearly not the same as
the original In L{ = a; 1n BEN + a5 1n COST + ... . In the
alternative log-linear equation, the coefficient of NR and
BEN estimated in separate but functionally equivalent equa-
tions should be equal, and no effect of COST by itself is
estimated. In the original log-linear equation, the
estimated coefficients of BEN and COST need not be eqdal,
and no equivalent estimate for the effect of NR is obtained.
Usually in a structural supply equation containing
both a wage variable on the right hand side and a dependent
quantity variable, one would expect the wage variable to be

endogenous because of the simultaneous determination of

wages and quantities by both supply and demand forces.

since 1n 1f = a 1n MR implies L{ = NR%, and IR =
BEN - COST may be cXpressed as BEI(1 - *L“U)’ we obtain

(
L = BEN® (1 - S55)®, or InIj = a In BEN + & 1n (2 - S50
+ ¢ oe L]
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Therefere, the ordinary least squares estimator of the wage’
coefficient would be biased and inconsistent. An alterna-
tive estimation procedure, such as indirect least squares,
would be required to obtain consistent estimators. 1In
equation (30), however, there is no separate wage variable,
although the level of earnings of college educated labor 1s
contained as one of four variables in the BEN term and as
one of seven ‘varlables in the NR term. But these other com-
ponents of BEN and NR are affected little if at all by the
nunber of college educated workers. Murthermore, in equa-
tion {30), the explanatory variable YR is lagged and there-
fore predetermined. NR is measured in 1960 while L; is
measured in 1970. LI cannot loglically be a cause of NR and

e sanle relatiovinsdshiy applies

1 4}

P8
for Y. Therefore it seems from a priori considerations that
neither BEN nor NR are endogenous and that ordinary least
squares estimation could be appropriate.

Two states, New Hampshire and Vernent, were deleted
from the analysis (fcllowing Peltzman 1973) because a large
share of the college students in those two states were not
residents of the state. If a student leaves his home state
to go to college and then returns to his home state for
employment,. the relation between a state's college henefits
and costs and 1ts stock of college educated labor will bve
misrepresented. (if a student goes to college out of state
and remains out of state, there 1s no problem.) On the

average 83 percent of a state's college and graduate students
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1 so the extent of gross student mobillty is

are residents
not arithmetically large and may rnot be empirically im-
portant. Also, the correction for net interstate migration
will reduce the effect of student mobility. West Virginia

was deleted because its level and rate of change of educa-
tional attainment are far below that of any other state. Its
economic and social history as well as present conditions

are unusual, and render the explanation of educational attain-
ment in its case different from thal of the other states.

Results of the estimation of the equatlicns for the
supply of college educatedehite males are given first for
age group 25-34 years in Tables 3, 4, and 5. Table 3 pre-
sents results from equation (30) for (1) the basic benefit
hypothesis (“current”) under which prospective students use
current earnings data available at the time the education
decision is made to evaluate the expected benefit from edu-
cation, and (2) the alternative benefit hypothesis ("pre-
dicted") under which prospective students predict future
earnings to determine their benerit from education.

Table 4 presents the results of estimating two
different functional forms of the supply equation: a 1og—'
linear equation in which a net return variable is used
instead of .the benefit and cogst variables sepaéately; and a
linear supply equation, without the logarithmic transforma-~
tion.

lsee the cpecial study by the U. S. National Center
for Educatic.aal Statistics (1968).
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Table 5 prescnts the results of taking geographic
mobility of workers into account, In Panel A a crude
correction for interstate migration of college educated
workers is applied to the dependent variable. In Panel B
regional migration hypotheses are tested, under which
prospective students incorporate knowledge of the proba-
bllities of ocutmigration from thelr home state to other
states for employment to determine their benefit from edu-~
cation. In Panel C the hypothesis is tested that there
is a national labor market for college educated workers,

with U. S. average Wi in each state's‘benefit term.

The Benefits and Costs of College Education

The results of the estimation of the supply model
in Tables 3-5 are consistent with theoretical expectations
and observed labor market behavior. They suggest that the
investment theory of education is important in explaining
the college education decision of white males. The regres-

-s8lon coefficients have the expected sign and are of reason-

eble magnitiude. The effect of the economic benefit of
college education on the stock of college educated labor is
positive and significant, and the effect of the cost of
investing ip‘collese education is negative and significant.
The supply curve shift variables attain a high degree of
statistical significance in at least some of the equations,

although not 2ll coefficients are precisely estimated in all
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equations. The k2 values are moderate to high. Experiments
with varicus migration hypotheses, functional forms, and
data adjustments confirm these results. The conclusions
reached are robust.

The elasticity of supply of young college educated
white males with respect to the economic benefit of college
education is estimated to be .297 (Table 3). This is the
value ror the coefficient of BEN (since the supply equation
is estimated in logarithms the coefficients refer to per-
centage changes). It is precisely ~:stimated but a modest
number arithmetically. Changes in th: benefit of college
education produce modest changes in the‘subsequent supply
of young college educated white malés. But the effect of
changes in earnings, W: or Wj: operating via BEN. 1s sub-
stantial. This is because a large change in BEN is produced
by a small change in either Wiy or Wjy. This finding is of
first importance: Substantiel changes in the supply of
young college educated white males result from small éhanges
in earnings difference between college and high school edu-
cated workers. | |

For example, a $73 increase in Wy (one percent of
its mean in 1960) brings about a four and one-half percent
increase in BEN. Thus a one percent increase in Wi, when
translated through EEN, brings about a 1.3 percent increase
in LZ. The college education decision 1s sensitive to the
earnings of college educated workers.,

The magnitude of these changes can be illustrated
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TABLI 3. Estimated regression coefficlents for
the supply of college educated white males age
25-34, states of the U. S., 1970

Benefit Hypothesis?®

Right-hand

side vari-

able (logs) Current Predicted

BEN R-Lord T L .gg%***
(.095) (.086)

COST -, T2T** % - 6QO***
(.205) (.210)

HS L6 * %% JUQY *xx
(.125) (.132)

Y 476* 604 *
(.332) (.329)

LOAN . 180%* RS
(.085) (.085)

Q -.223%% -.258%% %
(.001) (.092)

constant .379 .391
{2.851) | (2.879)

R .597 574

NOTES:

The dependent variabdle is 1n Li.

See p. 83 for an explanaticn of the benefit hypothe-
sls.

Standard errors in parentheses below estimated
regression coetfficients.

*, *%  %%% = statistical sagnificance exceeding the
.10, .05, and .01 levels, respcciively, for a one-tailed
test.
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using data on the U. S. mean values of these variables. If
the carnings of white college educated men had been just
10 percent higher in 1960, then the share of college edu-
cated white males age 25-34 in 1970 would have been 23.2
percent instead of the actual 20.5 percent (other supply
determinants constant). But if the wages of college gradu-
ates had been 10 percent lower in 1960, this group would
have accounted for only 17.l1 percent of the labor force.
In absoclute terms, a change of 10 percent in the earnings
of white college educated men would have meant a change of
about 32,000 students each year of the 1960-1970 period in
order to arrive at the 197C stock predicted by the higher
(or lower) earnings than actually prevailed. This would
have remired about 65 more (or fewer) average-size colleges.
or about six new (or fewer) large (20,000 students) state
aniversities, or more than (less than) an entire University
of Californialsystem.

The effect of changes in the earnings of high school
educated workers can also be illustrated. A one percent
increase in the earnings of white high school educated men
reduccs BEN by about three percent and, via the coefficient
of BEN, L} would fall by nearly .9 percent. If also the
earnings of young high school educated white men (the fore-
gone earnings cost of college attendance) increased one
percent, COST would increace .8 percent. A further reduc-

tion in Li of .6 percent would occur via the coefficient of
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CCST, giving a total negative effect of 1.5 percent on Li.
Thus the impact of the earnings of high school educated
workers, which 1s felt via both the benefits and costs of a
collese cducation, is slightly larger in total (1.5 percent)
than the impact of the earnings of college educated workers
(1.3 percent).

The coefficient .. COST is -.727 (Table 3). This
suggests the supply of young white college educated men is
responsive to changes In the cost of a college education,
but less than unitary elastic. This result is consistent
with the findings of studies in the demand for college
enrollment.l |

In 1960 the average value of COST was $7,560. Had
CONT been 10 percent lower i 1900 ilhan il was, ihe 1570
stock of young white college educated men would have been
22.0 percent rather than 20,5 percent. Note that the
coefficient of COST (-.727) is greater in magnitude than
the coefficient of BEN (.297). But the effect of COST on
LI is weaker than the effect of Wy operating through BEN,
A 10 percent increase in Wy would have raised Li from 19.7
to 23.2 percent, while a 10 percent decrease in COST would
have raised L{ to 22.0 percent.

The fact that the coefficient of BEN is smaller in

absolute value than the coefficient of COST suggests that

lpor example, Campbell and Sierel (1966) estimated
the tuition clasticity of demand for enrollment to be -.440.
On the other hand, liopkins (1971) got a negative but not
statistically cignificant tultion elasticity.
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prospective college students are more responsive to changes
in the cost of a college education than to changes in its
benefits. But on a priori grounds it might be expected that
the bencfit and the cost of a college education should have
equal effects.l A given dollar change in the bdbenefit, with
costs constant, affects the net return the same as an equal
dollar change in the costs, given the benefit. But In fact
the estimated coefficient of BEN is less than the estimated
coefficient of COST in 'Table 3. Are these estimated coeffi-
cients correct? If so, why are they different?

If these coefficients are correct, it means that
BEN would have to increase faster than COST in order te

account fcr an increase in LJ, since the coefficient ol BEN

£ raem TewdmnAad TINT o.oc!!1a \nﬂnrc -~
- Wewardh o w—— A e Mh Y ddndS  FE MMM adNe ¥ -

iz cmallc
increase faster in percentage terms (since the supply equa-
tion in Table 3 is estimated in logarithms). From the U. S.
time trend data reported on pages 19 and 22, it appears
that the percentage increase in EBEN has slightly exceeded
the percentage increase in COST.? But this difference may
not be enough to permit the supply equation to account for

the observed increase in the supply of college educated

lThe estimating ecquation does not mathematically
require equal coefticicnts, however. See p. 83.

2This implies a slisht increase in the rate of re-
turn over time. ilote that the U. S. state average of rates
of return was hisher in 1970 than 1950 (using consistent
methodolory [sce Appendix III]). Previous studies suggest
that the rate of return to a collerse education Iinvestment
has, at least until 1970, not fallen. (See Appendix II.)
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white males cver time. Therefore a statistical test was
made to ascertain if the coefficients of BLI and C0ST were
significantly different. This required estimating an equa-
tion in which they were constrained to be equal (which is
the untransformed equation containing NR, in Table &4,
following) compared to that in which they were free to vary
from each other. The F test showed that the null hypothesis
that the coefficients were equal could not be rejected at
the .0l level, but it was rejected at the .05 level. This
leaves the matter unsettled. Three explanations which could
account .for different coefficient values are offered.

The first is simply that BEN is measured with error,
which biases 1ts coefficient downward. The calculation of
BEN &8 well as the data itself are sources of error. Second,
changes in COST affect both the investment and consumption
demands for education, but only the investment demand is
affected by changes in BEN. As long as the ccnsumption
demand is non-zero, the coefficient of COST would on this
account exceed that of BEN. Third, students' determination
of BEN may be different from its actual future value. BEN
and COST, as decision variables, are in fact quite different
in nature. The costs of college, both foregone earnings
and out-of-pocket direct costs such as tuition, are immedi-
ate and well-known. In contrast the benefits are distant
and uncertain. While they can be mathematically expressed,

eX post, in present value terms, they are only received in
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the future and with uncertainty. 1t seems likely that the
prospective college student would have a smaller regard for
measurcd changes in the benefit of a college education than
he would for equal measured changes in the cost. Perhaps
changes in the measured benefit are subjectively discounted
for uncertainty since that benefit may not be received.
Fewes men act on changes in the benefit, compared to equal
changes in the cost, because the substantial commitment of
time and money which that action entails may not be rewarded
to exactly the extent which the measured change in the bene-
fit predicts. In any event, prospective students have only
current information to use in determining the future bene-
f£its. They may make errors in determining 1it.

Empirical Experiments

Three experiments were conducted to ensure that the
results are not artifacts, but rather are robvust with

respect to the empirical formulation used.

Correction of benefit term for exberience. Because

length of experience in the labor force positively affccts
earnings, it may have an effect on the measured benefit term.
This effect should be eliminated since the average experience
level in a state is not relevant to the prospective college
student's determination of his benefit from college educa-
tion. To do this one should ideally know exactly how much
earnings change for each year of labor force experience. In

the absence of data to make such & calculation for cech
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state of the U. 8. in 1960, information on the age compo-
sition of collere and high school educated workers was used
to adjust BEN., 1If college educated workers are young rela-
tive to high school educated workers, then BEN is under-

stated because median Wy is understated relative to median

i1

iy
increase the coefficient of BEN and slightly decrease the

Wi, and conversely. Thus BEN was multiplled by the ratio

. The results of this adjustment were to slightly

coefficient of CCST. Thus the adjustment has a favorable
effect on the estimation of the supply equation, but it is
very small. Because of the arbltrary nature of the adjusti-

ment, it will not be further used.

Alternative indicators for Ws, Ws4. The indicator

for W; and WJ is median annual incgme, which includes income
from all sources (perhaps even inherited property income).
The optimum indicator, which is not available, is earnings
associated with education. To test the sensitivity of the
BEN and NR coefficients to the indlcator for Wy and‘wj, an
adjustment was made to approximate rate of pay rather than
annual income. Thus the two extremes of the Wy, WJ measures
are used. This was done using data on unemployment and
part-time working for college and high school educated
workers. Areas of high unemployment and high part-time
working would tend to have low annual income, bdbut not neces-
sarily low rates of pay, and conversely. Thus Wy and WJ

were separately adjusted for these two variables. The
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results were very small downward changes in the coefficients
of BEN and COST. Thus the necessity of using an empirically
less~-than-perfect indicator for wi and WJ does not appear
to materially affect the results of the estimaticn of the

supply equation.l

The discount rate. The calculation of BEN is secnsi-

tive to the ciscount rate used. Although the specification
of r is theore¢tically sound, its empirical formulation has
elements of arbitrariness. A test was made of the extent
to which the value of r used for each state affected the
estimation of the supply equations by re-estimating them
under the extreme assumption that r was equal and constant
for every state. The results were only very slight changes
in the BEN and COST coefficients. The coefficient of BEN
fell from .297 (Table 3) to .275 (and retained high statis-
tical significance) when r was taken to be constant. The
coefficient of COST increased by a small amount, from -.727
to ~.779. Taking different constant values for r both
below and above the mean r, did not affect these results.
The coefficient of Y, however, rose from .476 to .854, But
the income elasticity is still less than unity. None of

‘the other coefficients of R® was affected by the use cof a

constant r.

lOf course, the magnitude of unemployment and part-
time working for collere and high school educated white
males is small, and the variation across states is also not
large.
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The Predicted Farnines Benefit
Hypothesis

The second column in Table 3 shows the results of
the estimation of the supply equation when an alternative
hypothesis about how prospect:.ve college students determine
the benefit to college education 1s used. Under this
hypothesis, students maks predictions of the difference
between the earnings of college and high school educated
lsbor in the future. Under the original hypothesis, stu-
dents reckoned the earnings difference of men with several
years of labor market experience at the current time, in the
college decision year. Under the alternative hypothesis,
BEN is calculated using 1970 rather than 1900 earnings data.
The result is that the coefficient of BEN (.231) is smaller
when calculated using future earr.ngs data. ‘Two conclusions
are poscible: (1) Students do not make predictions of |
future earnings differences to determine their benefit from
a . college education to the same extent they use current
earnings information, or (2) If they make predictions, they
systematically underestimate the size of the benefit stream.
If the latter is true, it may be due to the secular increase
over time in the difference between the earnings of ccllege
and high school educated labor, which prospective students
may not anticipate. The predicted earnings benefit hypothe-
sis imposes a more sophisticated view of the prospective

student's decision process than may be warranted.
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Supply Curve Shift Variables

High School (Graduates

Marginal increases in the number of high school
graduates produce proportionally smaller increases in the
stock of young white college educated men. The size of the
population eligible to go to college is apparently not a
binding constraint on the number of male college students.
Few of the extra high school graduates would go on to col-
lege anyway.

The coefficient of HS (the share of new male high
school graduates out of the male population age 18) is 465
(Table 3, column 1). This implies that the marginal con-
tinuation rate from high school through college is less than
the average continuation rate. 1In 1950 about one-third of
high school graduates went on to college. If the number
(share) of high school graduates increased by one percent,
the stozk of college educated labor would increase also by
one percent, if the same fraction, one-third, went on to
college. In this case the coefficient of HS would be 1.C.
In fact it is less than half that size, which means that
the marginal continuation rate is also less than half as
large as the average continuation rate of one-third. Thus
only one-sixth, at most, of the extra high school graduates
would be expected to subsequently appear in the stock of
college educated white males. Since the number of high
school graduates as a share of the population was about 80

. percent (U. S. average in 1960), it 1s not surprising that
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changes in this figure would have little effect on the stock

of college educated labor.

Ability to Pay

There are two ability-to-pay variables in the supply
of educated labor equations: Y, a family income variable,
and LOAN, which is government loan aid per student. Both
have significant positive effects on LI (Table 3, column 1).
The effect of Y is much larger, which may be due to the fact
that family income is a much more important source of meet-
ing college expensés.1 It may also be due to an additional
effect which Y but not LOAN is hypothesized to pick up,
which is the demand for education as a consumption good.

The supply of young vwiite college educated men is
income inelastic. This result sheds light on the gquestion
of the income elasticity of demand‘for college education.
The common belief is that college attendance is income
elastic~~-that modest percentage increases in family income
produce large percentage increases in college enrollment.
Some previous studies have found the income elasticity of
demand for college to be elastic (e.g., Campbell and Siegel
estimated the income elasticity of demand for college to be
1.2). Other studies have estimated the effect of income
to be posifive put inelastic. The empirical results of this

lAccerding to Lansing (1962), 60 percent of all
collere expenses were paid for out of family income in 1900,
while government loans could not have been more than 8 per-
cent.
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study provide strong evidence that the income elasticity of
demand for college education is not elastic. The reason
for previous elastlc estimates probably stems from specifi-
cation errors. When the model in this study is purpcsely
misspecified by omitting the varlables for the econonmic
benefit of college and the foregone earnings cost of college,
then the estimated income coefficient changes from inelastic
to elastic. These variables have in fact been left out of
other studies in the demand for college education. Perhaps
this accounts for the conflicting and erroneous estimates
previously reported.

The effect of making funds available to help college
students pay for their education via government loans is
ol #s sirony as the effect of reduclng lhvss cusis direciliy.
Since government loans are a policy variable, it is im-~
portant to know the magnitude of the consequences from
changing loan policies. According to the estimated coeffi-
cient of LOAN in Table 3 (.180) marginal changes in LOAN
have small effects on the supply of young white college
educated men. If LOAN had been 10 rercent higher in 1960,
LI in 1970 would have been 20 percent rather than 19.7 per-
cent. 7o get a one percentage point increase in LI would
have required an increase of nearly one-third in LCAN. Such
changes are not marginal changes, and no such predictions
can properly be made from ithese regression coefficients.

Recall, however, that loan programs were quite new and small-
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scale in 1900. Substantially different results may be true

today.

Quality of Scheolina and
Ratloning ot tlace:s

The non-market dimension of the quality of schooling
has a modest but significant effect on the supply of young
white college educated men. The indicator, Q, is the
acceptance rate of applications for admission to colleges
and universities. 1Its coefficient, -~.223, is negative.

This is the correct sign since higher quality of schooling
is indicated by a lower acceptance rate. The lower the valuc
of Q, the higher the quality of schooling, and, according to
the estimated coefficient, the larger the supply of young
white college educated men, given the benefits and costs of
schooling.

The non-market quality of schooling is not uniquely
defined. It may be measured in different ways. For example,
a low college acceptance rate (the Q in Table 3) may reflect
the extent of private as opposed to public higher educaticn
in a state, since public institutions are often committed
to accepting all qualified applicants. In fact it 1s some-
times thought that private colleges provide the kind of
amenities which a non-market quality indicator should repre-
sent. If this is true, private enrollment as a share of
total enrollment can be used directly as a schooling quality
indicator. The use of a private enrcllment indicator con-

stitutes o test of a specific non-market juality hypothesics;
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spccifiecally, that the larger the private enrollment, the
higcher the non-market quality, and the larger the subsequent
stock of collere educated labor., The result of this test was
that private enrollment, as a dimension of school guality,
has the expected effect, but it is very small (the coeffi-
cient was .037). Attributing special qualities to private
higher education and not to public would not seem warranted.
The use of the Gossman attractliveness index as a school
quality variable also yielded only a small effect. Perhaps
more important for this analysis, the coefficients of the
other variables in the supply equation were affected very
little by the change in the quality indlcator. Thls gives
confidence that the estimated effects of the benefits and
coute of collegs on the stock of college educated labor are
robust with respect to specification of the school quality.

While high quality education encourages college
attendance, it may at the same time result in rationing of
plaées. High quality may come at the expense of placés since
resources can be used to purchas;,either quality or quantity
but perhaps not both. It therefore 1is desirable to include
rationing, which is expected to have a negative effect on
the stock of college educated labor, along with the quality
of schooling in the supply equation. Once the gquality of
education is controlled, rationing may be indicated by out-
migration of college students to other states.

The following equation was estimated with the ration-
ing indicator (all variables in logs):
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*

Ly = 2,056 + .293 DEN - .725 COST + .460 HS + LBh Y

(.097) (.207) {.128) («339)
+ .174 LOAN - .213 Q - .012 RATION  R® = ,610 (31)
(-090) (.099)  (.047)

While RATION enters the equation with the expected
minus sign, the coefficient is small and not significant.
Thus rationing as here measured has little effect on the

subsequent stock of college educated workers.l

None of the
other coefficients is affected by the inclusion of the
retioning indicator. Because of no effects of rationing no
further experiments with rationing will be done in the supply

equation work.

Munctional Form

- - ~* &

- - -~ - me L L - - - . . . . - r @
T the sensitivily of Lhe ésilliuaied scialllOun-

TO tes
ships to the functional form cof the supply equation,'the
original equation in Table 3 was estimated as a linear
equation in the untransformed values of the variables (Table
)., The results are that the same interpretations are
made from either the linear or éﬁe log-linear equation
and thus that the supply relationships are not sensitive
to the functional {orm of the supply equation. For ex-
ample, a 10 percent ($1,950) change in BEN produces a 2.97
percent change in L; {from the log-linear equation in
Table 3), which amounts to a .58 percentage point change
in L{, figured from the mean. The same initial $1,960

Iperierson (1974) finds that rationing at public
institutions has effects on relative public and private en-
rollments bui not on total enrollment.
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TABLE 4. TFstimated regression coerflcients for
the supply of collere educated white males, age
25-3£, using alternative tunctional forms,

states of the U. J.. 1970

p—— ——— — —

Functional Form®

Right-hand
side
variable Linear Log~-Linear
NR 00028 *% el Sl
(.00013) (.CH6)
BEN .00029%*
(.00012)
COST - 00182% %%
(.00065)
HS L10281%%% 09726 *** LUBY X%
(.03351) (-137)
Y 00142 .00111 .255
(.00099) (.00104) (.369)
LOAN: . 02027 01071 .dilc
(.01799)  (.01907) (.089)
Q ‘ -, 06051%% -, ,02653 -.085
- (.03268)  (.029106) (.086)
constant 11.91680% 2,26820 =2 4Us
| (7.52310) (6.77140) (2.908)
R? .540 169 .509
NOTES:

asee pare 84.

Right-hand side variables are in natural logarithms
for the log-lincar functional form and in untranstormed
values for the linear functional tform.

The dependent variable is 1n 1Y for the log-linear
functional form aond Ly for the linear ctional formn.

Standard errors in parentheses below coefficient
estimates.’

#, %%, ¥x% = gtatistical significance exceeding the
.10, .05, and .0l levels, respectively, for a one-tailed
test. .
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change in BEN produces, via the ccefficient of BEN (.00029)
in the linear cquaticn of Table 4, a .588 percentage point
change in L. Similarly, equal 10 percent changes in COST
yield a 1.432 percentage point change in Lj when using a
log-linear supply equation, and a 1.368 percentage point
change in L; when using the untransformed linear model.

Recall that the estimated coefficient of BEN in the
linear specification L; = ¢ BEN -~ ¢ COST + }.. should mathe~
matically be equal to the estimated coefficient of NR (the
net return) in the equivalent specification LI =¢ NR + oee
(see p. 814-).1 Changes in the net return should have the
same effect on the college education decision as changes in
the gross return when costs are constant. This expected
equality was tested and confliriwed, The cuelllicient of IR
was estimated to be .00028 (Table 3, column 2) which is
nearly identical to the estimate of .C0029 for the coeffl-
cient of BEN. This result provides further evidence_that
the conclusions drawn about the effects of the economic
benefit of college on the future supply of college educated
labor are both valid and reliable.

A third functional form was also specified, in which
BEN and COST in the original log-linear equution were

1'I‘he estimated coefficients of BEN and COST in the
linear specification should also be equal (and of opposite
sipn). They are not in fact equal, since the coefficicnt
of BEN is .00029 while the coefficient of COST is -.C01E2
(Table 4, column 1). This disparity was also observed in
the log-linear specification (Table 3, column 1), and ex-
planations were offered there for its occurrence,

118



107

replaced by NR alone in a new log-linecar equation (see

p. 84). 1In this case, unlike the linear case, there is no
mathematical cxpectation that the coefficient of NR should
be equal to that of BEN because each is estimated from a
functionally different log-linear eguation. In fact, a
priori reasoning suggests that the coefficient of BEN should
be larger than that of NR. Since BEN is much larger than

NR in absclute terms, equal percentage changés in each mean
larger a2bsolute dollar changes in BEN than in NR. A one
percent change in BEN will have a greater effect than a one
percent change in NR on LI because that one percent change
represents a greater dollar change in the economic return

to a college education. This relationship was in fact
observed when tone log-linear equation containing NR rather
than BEN and COST was estinzted (In LY = a In NR + ...).

The coefficient of NR was .114 (Table 4, column. 3), while
the coefficient of BEN previously estimatsd (Table 3, column
1) was .297.

It is possible, using the third functional form, to
obtain an equation incorporating BEN and COST which is func-
vionally equivalent to the equation containing NR. That is,
In L = a 1n NR + ... is equivalent to 1n Ly= a ln BEN +

aln (1 - E%%%) + ... (see p. 84)., Here the estimated

coefficients of NR and BEN should be equal. However, when
the latter equation was estimated, the coefficient of BEN

was not significantly different from zero, whereas the
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coefficicnt of NR from the same functional form was .114.
Murthermore the cocfficient of (1 - 9%%%) was estimated to
be .161, which is not equal to either the coefficicnts of
BEN or NR, although it should be., Therefore 1t seems likely
that the third functional form is inappropriate. Because of
this reason and because of the unavailability of a separate
COST variable in this specificaticn, it will not be further

used.

The Effects of Migration

Correction of L; for net migration.‘ Theoretically
the net return to a college education in a state determines
the supply of college educated labor in the state by influ-
encing how many high school graduates obtain a college
education. But empirically the number of college educated
workers in a state is increased by net inmigration and de-
creased by net outmigration. Presumably there is net in-
migration of college educated workers to states where their
earnings are high and net outmigration where their earnings
are low. Since the benefit of college education would also
tend to be high in these states, BEN will reflect net
migration as well as investment in college education by
indigenous non-mobile workers. Therefore a correction
should be made for these net interstate flows of workers to
obtain an unbiased estimate of the effect of the benefit and
cost of a college education in that state on the stock of

college educated labor in that state.
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The corrcction is quantitatively quite small since
net migration is quite small, although gross geographic
mobility of college educated workers is high. For example,
the average absolute violue of net interstate migration for
the contipuous states over the 10 year span from 1960 to
1970 was 4.5 percent for the white population (excepting
Nevada and Florida, where net migration was 52 and 33 per-
cent, respectively). Total interstate migration for all
males age 25 years or older in the single year 1965 was 2.6
percent, and for college educated males, 4.9 percent. The
only net migration data available by states of the U. S. is
from the 1960 Census of Population, by sex and age, but not
by years of school completed, for the time period 1955-60.
Subsequent U. S. aggregate data on net migration was used
to check trends over time and make adjustments in the few
cases where there were clear slowdowns in net migration.
These data are not idcal since their use requires the impli-
cit assumption that college educated workers have the same
net migration rate as the average workers. |

When the effects of net migration are removed from
L}, the coefficicnt of BEN is slightly reduced, from .297
(Table 3) to .275 (Table 5, Panel A). Thils 1s expected
since in the absence qf the correction, the BEN variable
picks up some of the net migration effect. When net migra-
tion is taken out, a smaller and more correct value for BEN
results. Likewise, a somewhat smaller coefficient of COST
is obtained, from -.T721 (Table 3) to -.671 (Table 5,
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Panel A). The effect of family income on L; also drops
sonmewhat when net migration 1s corrected. .Since there is a
positive relation between family income and earnings of
college educated workers, there is a tendency to net in-
migration in high income states, which means that Y picks
up some of the net migration effect.

Regional migration. Prospective college students

may be aware of the probabilities of outmigration from their
home state for employment out-of-state after they graduate.
On the average about 7.1l percent of young colleze ecducated

1 a large

white men leave their home state in a single year;
majority cof this migration occurs between neighboring states
in the same region. Regional migration can be dealt with
by reformulating the benefit of college educaticn., The
hypothesis is that prospective coliege students use out-of-
state earnings differences as well as home-state earnings
differences to determine their benefit of a college educa-
tion. Data on actual outmigration flows from state of origin
to states of destination were used to weight out-of-state
Wi-W5 with home-state Wi'wj to give a regional bdbenefit of
college education.

The estimation of the supply model under the
reglonal bénefit hypothesls gives results that are not

materially different from the basic no-migration model

loalculated for the 1955-60 period from U. S.
Census of l'opuluation data. Outmigration for college edu-
cated whitec males is 1.4 times greater tnan all white males.
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(Table 5, Panel B). The coefficient of BEN 1s slightly
higher (.308 vs. .297). This suggests that prospective
college students consider outmigration only to a limited
extent when determining their college benefit. They may be
unaware of migration probabllities or migration may be
determined by factors other than earnings. If out-of-state
earnings differences arc not relevant to the migration
decision, they may not enter the prospective student's

1 An alternative explanation is simply

college decision.
that the home-state benefit dominates the out-of-state bene-
fit due to the quite small probabilities of outmigration,

and thus the coefficient of BEN is only marginally affected.2

A national labor market for college educated workers.

It is possible that there 1s sufficient interstate migration
of college educated workers in response to lnterstate earn-
ings differences that there is a national labor market for
these workers and a single national wage. 7ien the pros-
pective college student in any state may use the national
W, instead of his state W; to determine his benefit from
college education. To test this hypothesis, BEN was

1Not all states of destination for outmigrants have
a higher benefit than the home state. Thus the effect of
outmigration on the overall benefit is not large in general.

2Recall that we deal here not with the extent of
interstate migration by college educated workers over their
lifetime, which is auite high; rather, we require the prob-
ability of outmigration in a single year, after graduation
from college.
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reformulated using Wi-wj as the earnings difference component,
where ﬁi is the U. O. aggregate median income of college
educated white males and WJ remains the state rigure.l

The results of the estimation of the supply model
under the assumption of a national labor market for college
educated white males are that the coefficient of BENNAT (BEN
under the national labor market hypothesis) is somevhat
lower and less precisely estimated than in the basic no-
mobility model (Table 5, Panel C, column 2). Nevertheless,
the coefficient remains siéable and statistically signifi-
cant. |

Two interpretations are possible. One 1s that a
national market for college educated labor is less appli-
Cable than a local or siate labor market since the economic
return to educztion specified under the national market
hypothesis has a weaker—effect on the supply of college
educated labor. The alternative interpretation 1s that the
national market hypothesis is correct and that the coeffi-
cient of BENNAT is simply its true effect on subsequent L;.
(Note that the differcnce is not great, and that the in-
vestment theory of education is supported in either case.)

A test can be made to distinguish between these two
interpretations. Both BEN and BENNAT are entered in the

supply equation simultaneocusly so that the regression

lSince high school educated workers exhibit much
less mobility, it 1s assumed there remain local (state)
~labor markets for them.
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equation itself determines the strength of cach when the
other is accounted for. In effect this procedure permlits
the regression to determine the weights of each alternatlve
specification in the explanation of the dependent variable.l
The results of this test {Table 5, Panel C, column 2) show
that BEN remains important while the effect of BENNAT drops
nearly to zeroc. Therefore ithe best interpretation is that
state labor markets for college educated labér are more
applicable and a national labor market 1s less applicable
for the prospective college student's determination of his
economic benefit of a college education. The best estimate
of the effect of this benefit on the supply of college edu-

cated labor is that reported under the state labor market

. . . . a- . °
nypothesis or lable 3.

lsince the simple correlation between BEN and BENNAT
is only .397, the problem of colinearity may noi be seriocus.

Q
Another test of the applicabllity of a sfate or
national labor market can be made by using BEN or BENNAT and
the difference between the two in the supply equation, e.g.,

Li = by + by BENNAT + by (BEN - BENNAT) + ... .

When this is done, the difference term is sizable and sta-
tistically sipnificant when added to the equation containing
BENNAT, but it is very small and not significantly diff'erent
from zero when added to the equation containing BEN. Thus
once the state BEN term is included, additional information
yielded by the difference between the state and national
benefits is not useful; but in the presence of the national
benefit term, the additional information from the difference
in the two benetrit terms is important. This finding can be
verified by rearranging the equation in this note above to
L] = bg + (by+b,) BENNAT + bp BEN + ... . This is the equa-
tIon estimated and reported in Table 5, Panel C, column 2.
Thus the results of these two tests should be the samc. And
in fact the coeiricient b of the variable BEN-BENHAT was
the same as the coefficient of BEN in Table 5, Panel C,
column 2., <
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Arre Croup 25 or More Years
£

The supply model was estimated for the age group 25
or more years. Here the dependent variable is the change
in the rmmber of college educated white males from 1960 te
1970. This is the only difference in the supply equation
for age group 25+ compared with age group 25-34. Results
are reported in Tables 6 and 7. These tables correspond
with Tables 3 and 5 for age group 25-34. The same alterna-

tive hypotheses about how prospective college students

determine the expected benefit of a college education are

used.

In all cases, the results are similar to those al-
ready discovered. The chief differences are that the coef-
ficients of BEN, COST, and Y are slightly larger in magni-
tude for age group 25+. However, when the correction of the
dependent variable for net interstate migration is made,
these differences between the two age groups disappear, for
all the benefit hypotheses. This similarity of results is
not surprising. Recall that the change in the level of
college educated men age 25+ from 1960 to 1970 1s due mainly
to entrants into this category. . These entrants are men who
acquired college education during the decade and who are
25-34 years old in 1970. This gquantity--the level of
college educated men age 25-34 in 1970 (the dependent vari-
able in all the previous supply equations)--is just equal
to the numbef of entrants from 1950 to 1970. This variable
is not affected by the previous level of L;. In other
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Estimated regression coefficients for

the supply of college educated white males age
25 years or more, states of the U.S., 1970

Benefit Hypothesis®

Right-hand
side
variable Current Predicted
BEN o 4L %% e 31L%xx
(.142) (.124)
COST ~.880%xx - 887 %%
(-306) (.303)
HS 402 %% L50%%
(.186) (.183)
Y H92% . T61%
LOAN S 7% | .116
(.227) - (.122)
Q - 27T0%* -.306**
(.136) (.132)
constant -1.632 -2.203
(4.257) (4.145)
R? 496 .502
NOTES:

8&5ee page 83.
The dependent varigble is In L4.
Standard errors in parentheses below coefficient

estimates.
¥, X%, *¥%¥% = statistical significance exceeding the

.10, .05, and .0l levels, respectively, for a one-tailed
test.

129



118

TABLE 7. UFIstimated rerression coefficients for the supply
of college educated white males age 25 years or more, when

there is georraphic mobility,
states ot the U. 3., 1970

A B
Regional lMigration
Benefit Hypothesisd

| Benefit Hypothesgis®
Right-hand

side wvari-
able (logs) Current Predicted I3, L L, Only
Migratg Migrates

BEN 278%% .188%# o 35T H*% e 355 *%¥
(.137) (.124) (.12%) © (.146)

COoST - 576 %% -,511x*% - 878%%x - 8TU%*x
(.296) (.302) (.305) (.304)

HS JULG X JUBE* %% . 390 % * % . 303 ##
(.181) (.189) (.186) (.186)

Y .288 456 LOT71* .720%*
(.479) (.472) (.500) (.488)

LOAN 153 113 .143 145
(.123) (.121) (.127) (.3127)

Q -.106% -.231 %% - 259%% - 26T **
(.131) (.132) (.137) (.136)

constant -.639 -1.661 -1.588 -2,030
(4.109) (4.127) (4.252) (4.179)

R2 e 361 . 332 ) L] ‘4‘% * u97

NOTES:
Panel A: Correction of the observed supply change

PaX for net interstate migration; Panel B: Reglonal migra-
tioh specifications of the benefit from college education.

asee pare 83.

The dependent variable 1is In AL4.

Standard errors in parentheses below coefficient
estimates.

%, *%, ¥#% = gtatistical sipgnificance exceeding the
.10, .05, and .0l levels, respectively, for a one-tailed
test.
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words, the dependent variable which 1s a level variable,
Li, 1s actually made up of a change over time and nothing

else. And the rate of change dependent variable, AL;, has

the level variable L; as its main component.

Summary
The main empirical result is that the economic bene-

fits and costs of college education are important determi-
nants of the supply of college educated white males. The

investment theory of education 1s supported as an ex ante

behavioral theory explaining why men go to college. An in-
crease in the benefit of college eéucaticn increases the
number of college graduates. The elasticity of supply of
college educated white males with'respect to the benefit of
college education is about .3. The implied supply elas-
ticity with respect to the earnings of college educated
workers is about 1.3. An increaese in the cost of college
education decreases the number of college graduates. The
elasticity is about -.7.

Changes in the economic benefits and costs of col-
lege education have large effects on the market for college
educated white males and on the higher education system.
For example, 1f the earnings of college educated white males
had been ten percent higher in 1960, they would have
accounted for 23.2 percent of the labor force in 1970 in-
stead of the actual 20.5 percent (age group 25-34). If the

costs of going vo college had been ten percent higher in
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1960, there would have been a surplus of about 65 average
size colleres in the decade of the 1960's or 32,000 unfilled
places each year.

The human capital model suggests that college stu-~
dents use information on the current earnings of experienced
workers to determine the benefit of college education. This
result is supported by the empirical analysis. The hypothe-
sis that prospective students predict the future earnings
of college and high school educated workers does not add
further explanation.

There is some probability that a college graduate
will migrate out-of-state for employment. But apparently

prospective college students do not use information on

P Ty O L.
e bl & AQ&J‘&N‘ abed A L)

ctornmdne the benelit of
college. In fact net interstate migration is not that large
and thus has only small effects on the supply model. Be-
cause college educated workers are geographically moblle,
there may be a national labor market and a single natlonal
earnings figure for them. But the evidence 1s that a
national labor market is less applicable than state labor
markets for the prospective college student's determination
of the benefit of college.

The nunmber of high school graduates eligible to go
to college 1s not a constraint on the supply of college
educated men. Less than one-sixth of additional high school

graduates would go to college.

The ability to pay for college education 1s a
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determinant of the supply of college educated labor. In-
creases in family income result in increases in the number
of college graduates. But the income elasticity of supply
is ineclastic, after the benefits and costs of college
education have becen taken into account. This suggests that
the widespread belief that the demand for college educatlon
is income elastic is incorrect. Some of the effect of
income on the stock of college graduates may reflect the
purchase of education as a consumption good rather than the
ability to pay for education as an investment good. The
effect of government loans was quite small in 1960.

The non-market quality of education has & small but
significant effect on the supply of college educated men.
lazes hac iittl: cffcet 1L any

- mn dlam A
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gate supply.
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CHAPTER VI
ESTIMATION OF THE SUPPLY EQUATION: FEMALES

The supply model is appliéd to college educated
white females., The hypothesis is that the investment theory
of education will not rrovide a satlisfactory explanation of
the supply of college educated women. The investment return
to college education is expected to be less important for
women in the aggregate than men because some women spend
many years of their lifecycle out of the labor force and in
the household. For them, a household return rather than an
economic market return is relevant. |

The hypotheses are supported by the resulis. After
taking female labor force experience into account, the market
benefit of college education is perhaps one-fourth as im-
portant in determining the supply of young college educated
white women as men, if indeed it has any effect at all.
When a household return is added to the market return, a
better explanation of the college-going behavior of women

is obtained.

The Benefits and Costs of College Education

The parameters of the supply model were estimated

for white women using equation (30). Data on the earnings
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of college and high school educated women were used to
calculate the benefit and cost of college education for
women. The number (share) of female high school graduates

2 It was assumed that prospec=-

was used for the HS variable.
tive female college students use information on current
earnings of experienced workers to determine their benefit
of college education (this gave the best results for males).2
The investment theory of education does not explain
the college education decision of white females. The market
benefit of a college education investment has only a small
and imprecisely estimated effect on the supply of college
educated white females. The coefficient of BEN is small
(.056) and approximate (Table 8, column 1). (The 95 percent
coniidence interval around the coeftricient of BEN does not
overlap with the corresponding confidence interval for
white malcs.) An anomaly is the positive COST coefficient
(.110), although it is not statistically significant (its
95 percent confidence interval includes negative values down
to -.170).

The effect of HS on L; is stronger for women than

lFamily income ‘applies to both men and women stu-
dents, so the Y variable is unchanged. Data on government
loans is not zvallable by sex, and the non-market gquality
of scheooling is assumed to be the same for women as men.

QMigration hypotheses were not tested for females
because they migrate much less than meles. When they do it
is often not a voluntary decision on their part which is
responsive to female earnings differences, but rather it is
their husband's decision.
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for men. Similarly family income has a stronger -nd more
precisely estimated effecet on‘L; for females than for males.
This is consistent with a more critical ability to pay
problem for women. It may e2lso reflect a greater regard

for the purchase of education as a consumption good rather
than an investment good. The LOAN variable does not perform

well, however.

Female Labor Force Experience

Many working women spend several years of theur
lifecycle out of the labor force (usually the child bearing
years). The female benefit of college education should
reflect these gaps in the ea;nings Wy and Wj of both college
and high school educated workers (seeequation [18], page 50).
Since there is no data to permit this, a crude experience
variable for wamen was constructed. It was used to correct
BEN for female labor force experience. Since this correc-
tion is partially arbitrary, an experience variable was
alternatively entered separately in the supply equatién.

From the work of Mincer and Polachek (1973) the
percent of years worked by college and high school educated
white women in the U, S. can be learned. Since female labor
force participation is heavily dependent on the presence or
absence of children, state data on the number of childless
college and hipgh school educated women was used to obtain

an index of female labor force experience for each state.l

Irhe calculation of BEN as (Wg=W;) # discount factor
for men (see equation [10]) is modified Yo BEN = (Wy « ZXPy
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The result of taking variation in female labor force
experience into account 1s to support the earlier conclusion
that the investment theory of education does not apply with
any force to white females. When the market beneflt vari-
able is corrected for the years of female work experience,
the effect of BEN on L; is increased from .056 to .073
(Table 8, column 2). Its estimated magnitude is about cne-
fourth the size of the corresponding coefficient for white
males. However, it 1s not precisely estimated.l The coeffi-
cients of HS and Y remain larger than they were for white
males. When the experience vériable, EXP, is separately
entered, it takes on the correct sign (Table 8, column 3).
(The greater the number of childless college educated women
relative to childlecs high cschoel ecducaicd women, the
greater the number of years worked by college educated women

relative to high school educated women. Hence the true net

return to college education is larger, given the annual

- W3 % EXPs) « discou ¢ factor, where EXP; = index of labor
force expefience over the lifecycle of college educated
working women (EXP;y « 1). EXP4 increases as the percent of
childless college educated women increases. EXPj3 refers to
the experience of high school educated women. Since this
correction of BEN is mathematically arbitrary, a new vari-
able EXP = LXPi/LXPJ was calculated for each state and
separately ¢ntered as a supply determirant.

lWhen the alternative log-linear functional ferm is
specified, using NR alone instead of BEN and COST, the esti-
mated coefficient of NR is .02G. Although this is less than
one-fifth the magnitude of the NR coefficient for white
males, it was precisely estimated (standard error = .0l1l).
However, this functional form was earlier shown to be infer-
jor to the log~linear form using EEN and COST separately
(see p. 107).
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TABLE 8., Estimated regression coefficients for the supply
of college educated white females age 25-34, states of the
U. S., 1970

Treatment for Labor Force Experience

Right-hand
side vari-
able (logs) No BEN EXP
Treatment Corrected Variable
BEN .0 .073 -O43
(.Ogg) (.0t9) (.089)
COST 110 .080 .079
(.156) (.164) (.165)
EXP . 065
‘ (.101)
i 6538x%x D21 *%% 533%%
(.212) (.213) (.269)
. 4 oTTOX* o T38% .836*%
(-437) (-872) (.b33)
LOAN ~ .056 . 056 .036
(.099) (.099) (.105)
Q -.061 -. 074 -.092
(.125) (.126) (.135)
constant -8. 243** ~T7.820%% ~T.982%x%
(3.674) (3.814) (3.746)
R 196 199 .502

NOTES :

The dependent variable is 1n L;.

The currcnt earnings benefit hypothesis 1s used
(see p. 83). See page 124 for an explanation of the treat-
ments for labor force experience.

Standard errors in parentheses below coefficient

estimates.

*, %%, x%% = statistical significance exceeding the
.10, .05, and .01 levels, respectively, for a one-tailed

test.
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earnings difference between college and high school educated
women.) No improvement in <the performance-of BEN or COST

is obtained.

Household Returns

For women in general, the economic benefit of
college education obtained through the labor market has very
1ittle effect on the supply of college educated women
workers.. Because some working women spend several years of
their 1ife out of the labor force, there may be a non-market
household return which women get from a college education.
Does a household return explain why women go to college?

One approach to this problem is to distinguish
between observations on the expected strength of the market
return vs. the household return mgtivation for investing in
college education. The market return is assumed to be the
relevant decision variable in states where it exceeds the
househeld return, and conversely. The market return is
judged to excead the household return where there has been
an average or greater increase in the labor force partici-
pation rate of young white females. The implicit assumption
is that women will leave the household for the labor force
when the return obtainable in the labor market rises above
that obtaiﬁable at home. Econometrically, a dummy variable
was added to the supply equation which permits the market
benefit variable BEN to take on a higher coefficient when

the market returs 1s relevant and a lower coefficient when
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1t is not. The result is that the effect of the market net
. return fof-wdﬁen on thé‘suﬁsequent supply of wo&éﬁ ééiléée‘. T
graduates remains very small, even when 1t is presumably
relevant and potentially operative. White women apparently
do not take their market net return to college education
seriously into account when making the college education
decision. (Of course the use of labor force participation
data to distinguish between states on the relevance of the
market return is very simple and crude. Refinements could
be attempted.)

The hypothesis that a household return explains the
supply of female college graduates was tested directly.l
The basic idea is that some women go to college for economic
gain, but not trrom their own participation in the labor
force. Rather, they go to college ‘to increase their family
income. One way they do this is by enlarging their marriage
market, particularly to increase the chances of marrying a
husband with high income and occupation prospects. Whether
the female college graduate works every year or not, she
will receive a benefit from being college educated if she
marries a man whose income is higher than the man she would
otherwise have married. Even if she does not marry a more

highly educated man, she may be able via her own education

lphe definition, measurement, and analysis of house-
hold returns is still very preliminary (see Michael 1973).
In this study Jjust one dimension of a household return 1s
considered.
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to increase her husband's income, given his educatlon
(Béﬁham 19%4). To test the former ﬁyﬁégﬁééig, the supply
equation for wemen was specified using the male market bene-
fit in place of the female market benefit. The larger the
market benefit to men, the larger the household return to
women, and the larger the predicted stock of college edu-
cated women. Of course not all women choose to marry. For
those who are single, their own female markeé return is
relevant. The household return applies only to those women
who marry. Therefore the household return (the male market
benefit) is weighted by the proportion of married college
educated women and the female markét return is welighted by
the proportion who are not married in each state. This
gives a single variable for the benéfit of college which
reflects the household return and the female market return
in their correct proportions. |

An alternative specification of the household return
was made using actual famlly income data. Ideally, one
would use data on family inceme by education of the wife.
This is not available so data on family incomé by occupation
of head of family was used. The U. S. Bureau of the Census
occupational category "professional, technical, and kindred
workers" had a mean years of school completed for its mem-
bers of 16.1 in 1950, and the two occupational categories,
"elerical and kindred workers" and "sales workers" each had
mean years of school completed for their members of 12.1.

The difference between the earnings of the former and the
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latter occupational groups was used in the female household
return term (family income)s The assumption here l1s that
high school educated women marry high school educated men,
and that college educated women marry coOllege educated men.
Thus there are two equations to estimate the effect of a
household return on the supply of college educated women.
One uses the male market benefit (weighted with the female
market benefit) to measure household returns (labeled BEN-
MALE); the other uses a family income beneflt defined by
occupation of head of family (weighted with the female
market benefit to measure household returns (labeled (BENFAM).
The result is that the male market benefit of college
education (weighted with the female market benefit) has a o
significant positive effect (.231 in Tabls 9, column 1) on.
the supply of college educated females. In féct is is a
stronger effect than that due to the female market benefit
alone. This result is consistent with the hypothesis that
some women (those who will be married) invest in a college
educatioh to get a household return, in particular, to in-
crease the chances of marrying a higher income husband.l
The alternative specification of this aspect of the house-
hold return, using family income defined by bdbroad occupa-

tional categories, gives somewhat less convincing results.

Irhe male/female enroliment ratio was used ac a
variable in these cquations, but its coefficient, although
positive, was near zero and very imprecisely estimated. It
was deleted in the estimation reported in Table 9.
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TABLE 9. Estimated regression coefflcients for
the supFly of college educated white females age
¢

25-34 years, houschold return fypotheses,
states of the U. S., 1870
Household Return Hypothesis
Right-hand
side vari-
able (logs) Male Market Family Income
Benefit Benefit
BENMALE o231 %%
(.139)
BENFAM 147
(.097)
COST -.079 -.011
(.197) (.180)
HS o TUTR*% o Th2 %%
(.216) ‘ (.218)
Y 391 461
\a ‘TG) (o‘i‘uz)
LOAN .099 081
: (.100) (.099)
Q -:014'8 -cws
(.121) (.122)
R° .524 .518
NOTES:

The dependent variable is 1In L;.

See page 127 tor an explanation of the household re-
turn hypotheses.

Standard errors in parentheses below coefficient
estimates.

#, *x, *%% = gstatistical significance exceeding the
1.;Zmi,; .05, and .01 levels, respectively, for a one-tailed

est. ‘
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Note that the effect of COST in elther éase is negative but
quite small and not statistically significant.

In the household return equations, the single strong-
est influence on the supply of young white college educated
women is the proportionate number of high school graudates.
In the female market return eqﬁations, HS along with income
(as an ability to pay and consumption demand indicator) has
the largest effects. These results are consistent with the
view that many women acquire a college education for reasons
of a household return.

In sum, the investment theory of education holds
only weakly, if at all, for prospective female college stu-
dents. The effect of the net market return to a college
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is for males, if it exists at all, even after the smaller
amount of female labor force experience 1s taken into
sccount. The use of a household return variable strengthens
the view that the college education decision process is

different for women than for men.l

lThe supply equation for white females was also
estimated for the age group 25 years or more.

The results were unacceptable since the coefficient
of BEN was negative, the coeftficient of COST was positive,
the ccefficient of HS was unreasonabdbly large ( >1.0), and
no coefficients were statistically signiticant. When female
labor force experience was taken into account, there was
very little change in any of the coefficients. One explana-
tion for these results for age group 25+ lies in the labor
force participation behavior of females. Recall that a
variable for the number of leavers from the college educated
labor tategory from 1900 to 1970 was omitted from the
empirical estimation of the equation above (for age group
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25-34 no such variable is theoretically called for). For
men the omission was not important, but for women® it may dbeé.
The labor force participation rate for college educated
women is not near 100 percent as it is for men; morcover,
the in-and-out of the labor force behavior of women often
depends not on economic reasons but rather on family and
houschold reasons. Iurthermore, the dependent variable is
small; there is not much to explain. The data on A;Li shows
that it averaged only 2.2 percentage points, from 7.6 per-
cent in 1960 to 9.8 percent in 1970. On the other hand,
ALy for white males was 3.9 percentage points.



CHAPTER VII
ESTIMATION OF THE DEMAND EQUATIONS

Two variants of a demand equation for college edu-
cated labor are estimated. They differ according to the
specification of the industry mix. First,

* * %
lnLi=b0+bllnwi+b21nWj+b3lnR
n
+ chlnlk+b41nQ+v (33)
k=1

where L; the share of w?ite males age 25-34 with in-

comc who have 1-1€ or more years of schiovi

completed

W;, W'j = indicators for rate of pay of white males
with income age 25-34 years who have i=16+
and j=12 years of school completed, respec-
tively: median annual income adjusted for
unemployment and part-time working

R = an indicator for the price of physical capital:
the gross rate of return to physical capital
in the manufacturing sector, 1969-70 average,
calculated as (value added-spayroll)/book
value of depreciable assetst

I, = indicators for the industry mix in a state

Irhis indicator was used by Griliches (1969). 1If
there is factor price equalization among industries within
8 state, the price of physical capital to the manufacturing
industry should be the same as the price to other industries.
Inter-industry heterogeneity of capital stock may be a
problem, howeve:,
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Q = an indicator for the quality of educated
..dabor factor Lg.

The variant of this demand equation attempts a

better control for industry mix by using the indicator

di/qj as the industry mix variable, where o(i/o(J = the
calculated ratio of the production coefficients of college
and high school educated labor, respectively.

All wage variables are adjusted for interstate
differences in the absolutec price level, using the price
level index previously described. Since the wage data from
the Census is actually annual reported income, two adjust-
ments were made to bring this data closer to the desired
rate of pay indicator. The level of unemployment and the
extent of part-time working in each sfate were taken into
account. High unemployment and high part-time working’would
both contribute to low annual income. Since this will mis-
represent rates of pay, thelr elfects were taken out of the
income data.

An indicator for the quality of workers in each
state is added to the d-mand equation. Presumably the
observed wage indicators Wi and Wg reflect differences in
the qualit; of workers across states. But the observed
quantity indicator L] does not. High wages need not imply
small quantity demanded 1f worker quality is high. A worker
quality indicator (Q, from the supply model) is added as a

demand curve shifter.

In the case of the structural demand eguation it 1is
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clear that the wage variable 1is endogenbus and the equa-
tion's parameters should be estimated in a simultaneous
equations model. The order condition for the identificaticn
of the demand equation is fulfilled since the number of pre-
determined variables in the supply-demand model which are
excluded from the demand relation is at least as great as
the number of endogenous variables (two) in the demand

equation. Two stage least squares estimation is used.

Findings for White Males

A problem in the specification of the demand equa-
tion is accounting for variation in the industrial composi-
tion of output across states. One approach is to use a
s8izable number of industry variables in the demand equation.
The definition of industries by the U. S. Bureau of the
Cepsus.has little regard for the skill or formal educa-
tional content of workers in industries. Therefore, many
quite narrowly defined, specific, and hopefully homogenous
industries were selected, hoping thereby that the skill
content of each industry would be sufficiently uniform
across states to permit it to serve as a demand curve shift
variable. The selection criterion was the U, S. average
educational attainment of workers in the industry. Both
high-education and low-education detailed hemogeneous
industries were chosen in order to obtain broad coverage
of a state's industrial composition. The size of these

industriecs should affect the demand for college educated
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workers.l

Following is a 1list of major industry groupings
and the detailed industries used in this study (mostly SIC
3-digit). The symbols Iy, Ip, ..., I3 indicate the four-

teen industry variables used in the demand equation.

Industry variables for the demand for college edu-

cated white males.

~ Agriculture, Forestry, and Fisheries

- Mining
Iy hEN Coal Mining

S

Manufacturing
Durable Goods
T Electrical machinery, equipment, and supplies
2 __Professional and photographic equipment, and
watches
Nondurable Goods
Textile mill prcducts

Chendcal ana allled prodaeis

I3 Petroleum and coal products

Transportation, Communications, and Other Public
\ Utilities

I Communications
Wholesale and Retail Trade
Wholesale Trade .
Drugs, chemicals, and allied products
Electrical goods
IS Hardware, plumbing, and heating supplies
Retail Trade
Drug stores

1A1together 33 detailed industries were selected,
some from each ot the major industry groupings. Then com-
dbinations of deteiled industrics with similar education
levels within major industry groupings were made to reduce
the number of industry varlables to fourteen.
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Finance, Insurance, and Real Istate

Banking

Ig e . {redit agencies

L Securitices, commodltiy brokers, investment companies
s Insurance

T - Real estate

Business and Repailr Services
Dusiness services

ig
Professional and Related Services
Health services
offices of physicians
offices of dentists
19 — offices of chircpracters
Legal services
Educaticnal services
Iio elementary and secondary school:
I3 colleges and universities
Religious organizations

T Welfare services
12 b ingincering and architectural services
Accounting, auditing, and bookkeering services

Public Administration
Pcstal service
113 [ Tederal public adcministration

Qé+nt+n 7\21\1 in aﬂwﬂ s :tmn-ﬁ-ﬁ ~n

e e St e s nte @ @ e - Ay W ghm Nt &

Iy [ Tccal public administration

Six of the industry variables had coefficients which
were statistlcally significant in the flrst estimauien.' They
were retained and the rest deleted.

The alternative specificatiocn of the industry mix uses
the calculated ratio of the production coefficients, c(i/czb.

The estimation of the demand equation indicates the
demand for young college educated white males is wage elastic
(Table 10). The coefficient of Wi is -1.513 when the o,/ X 5
specification is used and about the same, -1.658, when the
industry variables are used.1 Both coefficients are precisely

lThe coefficient of w{ vhen all fourteen industry
variables were in the estimating equation was -1.478, whic.: is
only sliyhtly different from its value after the non-signifil-
cant industry variables were removed. Its standard error was
higher, however.
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estimated.l

Changes in the wages of high school educated labor
have a large inverse effect on the quantity of college edu-
cated labor demanded. The cross-elasticity of demand for LI
with respecct to w§ is positive and elastic. College and high
school educated workers are apparently good substitutes in
production.2 ‘

The price of physical capital, R, has only a small
and imprecisely estimated effect on the demand for college
educated labor. Two interpretations are pcssiblez. There may
be a national market for physical capitel (so its price is
constant across states) or the indicatoi for R may be

deficient. Note, however, tha'. the positive sign of the

+Although the calculated industry mix variable,
oly/oly, is theoretically desirable and empirically performs
well, it is calculated a5 (LE/LE)-(W{/WE). The dependent
variable L{ is one of four variables entering the calcula-
tion o4/ of3. This means there may be a spurious component
in the estimated coefficient of o3/(5. However, the coef-
ficients of W{ and Wj, despite the caltulation of &3/ 4,
are unbiased. Because their standard errors are low, multi-
collinearity between them and &3/ s is apparently not

‘serious. Nevertheless, the ability of the alternate speci-

fication of the industry mix to yield essentially the same
own-wage elasticity of demand is important evidence of the
robustness of this coefficient.

2When the demand equation is estimated for age group
25-34, it may be that older college educated workers are
substitutes as well as young high school educated workers.
However, there is no empirical evidence on elasticities of
substitution across age groups within educational categories
to support this view. And U. S. time series estimates of the
elasticity of substitution between college and high school
educated workers are 25-34 by the author were not sensitive
to the omiscion of older workers from the analysis. Since
wages of collece cducated workers age 35-44 are highly co-
linear with wagec for those age 25-34, estimation problems
could be encountered,
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TABLE 10. Istimated regression coefficients for
the demand for college educated white males age

e e

Industry Mix Specification

estimates.
*

Right-hand
slde vari-
able (logs) Ratio of Produc- Industry
tion Coefficients Variables
Wi =1.513%** ~1.658%x%
(.270) (.473)
V3 1.415*** 1,L408**x
(-238) (+360)
R .017 .092
(.040) (.071)
Q -.078% - 17T
(.054) (.ogu)
066 * %%
X3/ & (.051)
I - 14O % %%
(.033)
-, 085 %%
2 (.025)
2B Tx%
I e 32T ¥*
7 (+1%0)
I . 004 %%
13 (.0G5)
I - 435x %%
14 | (.120)
constant L,720%% 6.266%
(1.940)
NOTES:

Two stage least squares
The dependent variable 1
Standard errors in paren

* ¥ ¥* % %

—
=

statistical

2
.10, .05, and .01 levels, respec

estimation.
s 1In Lf.
theses below coefficient

significance exceeding the

tively, for a‘one-tailed

"
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physical capital coefficient suggests that physical capital
and college educated labor may not be complementary in pro-
duction, as tentatively advanced by Griliches (1967), using
the same indicator for the price of physical capital, and
by Berndt and Christensen (1974).

Among the industry variables (column 2) there are
sizable positive demand curve shift effects due to 15 and
17, which are the two detalled industry combinations in the
major industry group of finance, insurance, and real estate.
There is a sizable negative effect due to Iy, which is
state and local éﬁblic administration. Changes in the size
of the state and local governmentpbureaucracy are inversely
related to changes in the demand for college educated laber,
whercas changes in the size of the lederal Ldieaucracy lo a
state is positively related to changes in their demand,
when other demand determinants are held constant.l

A demand equation was also estimated for college
educated white males age 25+, using the six industry vari-

ables:

1In Chapter IV the question of the exogeneity of the
industry mix in the factor demand equation was raised. The
conclusion was that on theoretical grounds it was exogenous.
A rough empirical test was also made by assuming that, on
the contrary, industry mix is endogenous, and deleting it as
an instrumental variable in the two stage least squares
estimation of the factor demand equation. When this was
done for the age group 25-34 using &3/ &3 as the industry
variable, there was no change in the coef%icients of W¥ or
Wi, and only a very slight increase in the coefficient”of
i/ ;. This provides further evidence for believinz that
the inﬁustry mix is an exogenous variable in the demand
equation for college educated labor.
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in Ly = .976 - .610 1n wi + 920 1n Wj + .013 In R

(3.571) (.618) (.468) (.073)
~ .206 In Q - .185 1n I3 - .093 1n I, + .053 1n Ig
(.093) (.032) (.025) (.117)

oyt T el T CET I

In thils case the own-wage coefficient is inelastic
and not precisely measured, and the cross elasticity of
demand is much smaller (but it still indicatés a relation-
ship between Ly and Lj-of substitution in production).

The wage elasticity of demand for older workers
would = expected to be smaller than for younger workers
due . reasons of specific vs. general human capital, as
Becker has defined them (Becker 1965). Older worrers, with
longer job tenure, are likely to have more specific human
capital than younger workers. Firms will be less likely to
release employees with specific training than employees
without it when market wage rates increase. If it does,
the firm will lose the chance to recover its investment in
the employee, if the firm paid for the training, or the firm
will be unable to find an equally profitable new employee,
if the o0ld employee paid for the training. Thus the quan-
tity demanded of college educated workers who have specific
on-the-job training will be less responsive to wage changes
than the quantity demanded of college educated workers with-
out specific training. In addition states may differ in

the age distribution of college educated workers, so that
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the estimation of the demand equation for a more homogeneous

age group should give better results, as in fact 1t did.

Findings for Vhite Females

Factor demand equations were also estimated for
college educated white females. A somewhat different list

of industries 1o used, based on the same selection criterion

used for males.

Industry variables for the demand of college edu-

cated white females.

I ——Agriculture, Forestiry and Fisheries

Manufacturing
Nondurable Goods
Tobacco manufacturers

M mardS T ~ " ﬂ '1 1 n“nﬁ“n'i-e

e N e N e e . A St

12 Apparel and other fabricated textile products
Leather and leather products

Transportation, Communication, and other Public
Utilities
Transportation
Air transportation |
Petroleum and natural gas pipelines
Services incidental to transportation

Communications
T Radio broadcasting and television
3 Utilities and Sanitary Services

Electric light and power
Electric-gas utilities

_Cas and steam supply systems
Water supply

I) ——Finance, Insurance and Real Estate

Business and Repair Services
15 Business services
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Professional and Related Services
Educational services

elementary and secondary schools

I7 college and universities

Ig (all other professional services)

Public Administration
19 Federsal public administration
State and public administration
T10 T 1ocal public cdministration

The results of the estimation of the demand equa-
tions for young white college educated females are that the
effects of wage changes on guantity demanded are smaller in

magnitude than for white males. The wage elasticity of

demand for college educated white women 1s inelastic (-.587

in Table 11, column l)} So also is the cross-elasticity of
demand with respect tq high school educated women. The
smaller substitutability between college and high school
educated females compared to males 1ls expected. Many
females are in occupations such as elementary and secondary
teaching (the educational services industry accounts for’
13.5 percent of all female employment) where a college de-
gree is mandatory and there is no substitution possibility.
This would also tend to make the own-wage elasticity lower.

The specification of the demand equation using
industry variables (column 2) gives coefflicient estimates
similar to the specification using c¥i/€¥3. vHowever, sta-
tistical significance 1S low.>

lThe original ten industry variables were reduced
to six in the first estimation of this demand equation.
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TABLE 11. EIstimated regression coefficients for
the demand for collerse cducated white females
age 25-34, states of the U. S., 1970

e e cmmtiee —— ptcm———
e —— e—— — ——

Right-hand Industry Mix Specification
side vari-
able (logs) Ratio of Produc- Industry
tion Coefficients Variables
Wi ‘ - 587 %% -.683
: (.304) (1.180)
W? 621 % %% "800
(.166) | | (1.196)
R -.019 -.020
(.030) (.100)
Q . ~-.031 -.280
- {.038) - (.100)
di/qd 228***
' -:024
2 - (-033)
I3 | | | 753
| - (.703)
I .392%
! S (iE6)
.106
® | , (.241)
I'T ) 0041
' (.188)
Ig .021
' (.054)
constant 3.120%% 2.,786%
(1.706) - (1.711)
NOTES:

Two stage least squares estimation.

The dependent variable is 1n Li-

Standard errors in parentheses below coefficient
estimates.

%, %%, *x% = statistical significance exceeding the
élo% .05, and .01 levels, respectively, for a one-tailed
est.
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Summary
The evidence from the estimation of the demand

equations suggests that the wage elasticity of demand for
young college educated white men i1s elastic, about -1.5.
For older white men, the demand elasticltiy is inélastic,
about -.6 {perhaps due to more firm-specific training in
older workers). College and high school educated workers
"are substitutes in production. Young college and high
school educated men are better substitutes than their older
counterpérts. The industrial composiﬁion of output is an
important factor demand curve shifter, whether measured by
a calculated ratio of production coefficlents or a series
of industry variables.

The wage elasticity of demand for young college
 educated white women is inelastié, about -.6. Substitut-
ability between éoliege and high school educated women ;s
smaller thah for men. This may reflect the predominance of
women in occupations such as teaching and nursing, where a

college degree 1s usually mandatory.
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CHAPTER VIII

PROJECTIONS COF THE SUPPLY OF COLLEGE EDUCATED
LABOR: A POLICY APPLICATION

The results from the supply mcdel suggest that the

investment theory of education is viable as an ex ante

explanation of the college-going behavior of white males;
that the benefits and costs of a college education are

important in determining the future stock of college edu-

_cated men supplied to the labor force. The analysis also

suggests that the labor market for college educated white
males works; that the wage elasticitles and demand shift
parameteré are consistent with observed events in this
market and with conventional economic theory. These success-
ful research outcomes suggest a specific policy use to which
the supply model in this paper Qay be put. That policy
applica%ibn is the projection of educational attainment in
the fﬁture.

The future number of college educated people has

- been a matter of public concern and private concern as well.

However, only limited projection efforts have been made.

© The first published projections of educational attainment

of any kind by a government source is a very brief and
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modest 1947 U. S. Office of Education effort.1 The Bureau
of the Census first did such projections in 1959.2 A
private effort, by the Metropolitan Life Insurance Company,
was done in 1958.3 Subsequently, the Burcau of the Census
has made additional projections for the population, and more
recently the Bureau of Labor Statistics has done so for the
labor forc:ee.Ll

The basic technique used by the projections is the
extrapolation of time trends. No economic, soclological,
or political inputs are used. In fact the assumption of
¥, . . no unusual political or economic conditions . . ." is
explicitly made. And there is a disclaimer that ". . .
these projections should not be regarded as predictlons, but |
ucaticna attéinment Fesulting frew
specified assumptions about . . . future proportions (of
the population) attending school at each age.“5 But of
course 1t is precisely the existenée of political and eco=-

nomic change which makes forecasting necessary and which

lpidridge, Hope Tisdale and Joel Williams, "School
Population of the Future," School Life 30 (November 1947).

2U.S. Bureau of the Census, Current Population
Reports, Series F20, TFopulation Characteristics, " Projec-
tions of Educational Attalnment in the U. S.: 1900 to 1980,"
no. 91, January 1959.

3Métropolitan Life Insurance Company, Statistical
Bulletin, no. 39, August 1958.

uSee the Special Labor Force Report serles of the
U. S. Bureau of Labor Statistics, no. 95.

55.S. Bureau of the Census, “Prujéctions,“ pP. 2.
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makes extrapolative projections inadequate. But now quanti-
tative information from the supply model in this study on |
college education decision variables--what they are and how
large their effects are--leads to a hope that previous demo-
graphic projecctions can be improved. In particular, can
current changes in earnings, costs of college, family in-
come, and other supply determinants in a human capital model
be used to increase the accuracy of 10 year projections of

college educated men?

U. S. Bureau of the Census Projections

A publication of the U. S. Bureau of the Census
(cited above) made projections in 1959 of the share of
college educated males and females in the population by age
group for 1970. The latest data used for these projections
was 1957 data. ‘The supply analysis in Chapter V of this |
study used 1959 and 1960 data to explain the 1970 college
educated labor stock by age group. Thus not only can' the
acéuracy of the Census projection be checked (since 1970 is
past), but also the time points and time span of the Census
work and the research in this study correspond. This means
that the two approaches, extrapolation and human capital,
can be directly compared. |

The Census projections are for the entire adult
population (rather than the labor force), and for age groups
25-29, 30-34, ..., as well as 25+. The projection for age
group 26+ is largcly a mechanical matter, since the number

161




150

of college educated people who will be age 35+ in 1970 is
approximately known from actual data on the number of such
people age 25+ in 1960 (this is close to the 1957 data polnt
which the Census used). It is approximate rather than cxact
orly if mortality rates differ by educational level or
change in ten years, or if there are changes in educational
attainment afiexr age 25 (e.g., from 1-3 years of college to
I or more years of college). Only the projection of educa-
tional attainment for age group 25-34 in 1970 requires =
trend extrapolation. Therefore this age group is chosecn
‘for cem?arison with the human capital results sabove. (Also,
almost all males age 25-34 are in the lﬁbor forece, SO popu-
lation‘and labor force data are nearly interchangeable.)
Two alfernative ?vtrapnﬁstionn for age grenn 252U were made
in the Census projections. The schematlc below 1lllustrates
the technique (Figure 4).

The 'B' projection was obtained by extrapolating
the trend of all eight five-yeaf age groups, while tﬁe tA?
projection used only the trend of the youngest three age
groups, which showed a slight upturn., These extrapolations
thén apply to age group 25-34 in 1970.

Table 12 shows the 1959 Census projections for 1970
for three educational levels compared to actual 1970 levels.

These results show that for college educated males
age 25-34 the 'A!' projection was low by 1.8 percentage
points or 10.5 percent and the 'B' projection was low by 3

162



151

10 Collere Educated Males (Females)
5 A1l llales (remales)

62- 55= 52- ﬁS- ﬁﬁ— 35- 32— 25-
59 5 9 39 3% 29 Age Group,
1960

Figure 4. U. S. Bureau of the Census projection technique
for college educated persons

TARTE 12. 1059 U. S. Bureau of the Census projections of
educational attainment for males age 25-34 for 1970 and
actual 1970.levels (percent of population) |

Years of School Projections Actual Per;entage Error
‘Completed A B 1970 A B
12 37.6 35.0 - 371.6 O - T.h
13-15 13.1 12,3 15.4 -17.6 -25.3
16 or more 17.2 16.0 19.0 =10.5 -18.8

NOTES:

See above for description of 'A' and 'B' projec-
tions. :
SOURCES: See footnofte 2, p.148 , and U.S. Burcau
of the Census, Census of Population, 1970 1, U. §. Summary,
Ch. D (Detalled Characteristics).

Aruitoxt provided by Eic:
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il percentagce points or 18.8 percent. Thus there is room

for irprovement,

Human Capital Model Predictions

The results of the supply model (Chapter V) can be
used to predict the future U. S. stock of college educated
males since it quantifies thg'effect o supply determinants
on the subsequent stock of college educated men., The supply
model is cross-sectional, using state data on supply deter=-
pinants in 1960 and state data on the stock of college
educated males in 1970. To make the prediction desired,
aggregate U. S. data on each of the supply determinants is
required. Then the estimated regression coefficients from
the supply equation are applied to average U. S. values of
the supply equation variables in 1960 to obtain the pre-
dicted 1970 supply of college educated males in the U. S.1
This prediction application of the supply model 1s a test
of its usefulness as an aid to policy formulation. It is a
stringent test because ‘.t uses éross-sectionally estimated
relationships between explanatory and dependent variables
to predict a time-series change in the dependent variable.

The result of using the supply model to predict the
future stock of college educated males is that a consider-

able improvement 1s made over the extrapolative projections

1Since the Burcau of the Census projections are for
total males (not just whitc males), the supply equation in
this study was reestimated using data for total males.
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of the Burecau of the Census. The human cax tal supply model
predicted in 1960 that college educated males age 25-34
would account for 19.7 percent of all males in that age

group in the U. S. in 1970 (Table 13). The actual figure

TABLE 13. Predictions of the human capital model, projec-

tions of the U. S. Bureau of the Census, and actual stock of

college educated males age 25-34 in 1970, U. S. (percent of
population) :

- College Educated Males

Age 25-34 Percent

Item (percent of population) Error
Actual 1970 19.0

Predicted 1970 '

Human Capital Supply Mcdel 19.7 + 3.7

CenFns fA! 17.2 -10.5

Census 'B! 16.0 ~18.8

Combined 18.7 - 1.6

was 19.0 percent. The predictiocn error was +3.? ﬁercent.
The best Census projection, based on recent trends, was 17.2
percent, an error of -10.5 percent, while the other Census
projection, based on a longer history, was 16.0 percent, an
error of -18.8 percent. Thus not even the best ten year
prodection,wwhich was sensitive only to recent trends, was
high enough: The use of eéonemic information in the human
capital prediction was better able to account for changing
trends. But this is just the point: the human capital
based economic prediction is intended to use the information
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viiieh is fundamentally responsible for changing trends, and
should therefore provide a bettei predlction than a trend
extrapolation. Indeed the Census projection work acknowl-
edges this. |

Nevertheless, there was error in th; human capital
model prediction as well, which may be due to data defi-
ciencies or to model deficiencies. The maximum degree of
explanatory power achieved by the supply equations of this
model was RS = .60. This may be due to the influence of
non-economic variables which are not in the human capital
model. Therefore it would seem advisable to use both the
econamic model prediction and tﬁe time trend extrapolation
- together (since the latter may reflect non-econamic Influ-
ences) to improve the accuracy of the prediction. When
this is done, the combined prediction figure is 18.7 per-
cent. This is an error of only -1.6 percent.l

One further prediction exercise can be done using
the human capital supply model. The 1970 share of white
college educated males can be predicted, using the coeffi-
clents in Table 3. Although there is no comparable Census
projection, the prediction can be Judged against the actual

outcome. The economic prediction for white males may be

1The prediction of the supply model was weighted
by .60 and the extrapolative projection was weighted by .40
to obtain the combined prediction. This weighting scheme
was chosen because the supply equation explains 60 percent
of the variation in the stock of college educated men,
leaving 40 percent to be explained in other ways.
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slightly superior to that for total nales since the supprly
equation for white males was estimated with slightly more
précision than was the supply equation for total males. The
result is that the supply equation predicted that white
college educated males age 25-34 would account for 20.3
percent of all white males in the U. S. in 1970. The actual
figure was also exactly 20.3 percent. Thesg results further
confirm the valldity of the human capital based supply equa-
tion for college educated labor, not only for purposes of

explanation but also for purposes of prediction.;

Table 13
summarizes the predictions.

The promise shown by this human capital model in
predicting the future stock of college educated males is
especially important now, since there may be a reversal in
the last decade's uptrend in college enrollment. When turn-

ing points in trend lines are reached, trend extrapolation

~ 1s particularly error-prone, and more sophisticeted models

beccme necessary. Economlc information can profitably be

added to dgmographic information to improve the accuracy of

predictions of the future supply of college educated men.
If a human capital investment theory of education

approach proves to be successful in prediction, a new and

lThe supply equation containing the net return vari-
able was uscd for these predictions as well as the ones
above for all males. The supply equation containing sepa-
rate benefit and cost terms gave slightly less accurate
predictions. ‘They were still better than the time trend
extrapolations, however. '
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powerful tool is suggested to educational planners as well
as to manpower policy makers. If current information on
earnings, college costs, family income, and government loans
can be used to improve the existing simplistic projections
of the future numbers of college educated workers, then
changes in the demands to be made upon the higher education

system can be more accurately forecast.
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CHAPTER IX

SUMMARY

Theory
The chief objective of the study 1s to explain the

supply of college educated labor using humen capital theory.
The investment theory of education is tested as an ex ante
behavioral hypqthesis. Do the private market benefits and
costs of a college education determine the subsequent stock
of college educated labor? The demand for college educated
labor is also studied to identify the important determinants
of the demand for college educated workers. '

The supply of college educated labor 1s made a func-
tion of the private market benefits and costs of Investing
in a college education, and ol exogenous determinants. The
market benefit of a college education is the discounted
difference in the earnings stream of'dollege vs, high school
educated workers over the life cycle.‘ The costs of college
are the direct costs, such as tuiticn; and the foregone
earnings given up while a student. Different hypotheses are
develcped and tested on whether prospective college students
use current or predicted future earnings to determaine their
anticipated benefits from college.

The benerlts from a college education are affected
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by geographic mobility of workers. The effect of net‘inter-
state migration on the benefit from college 1s accounted

for in two alternative ways: By incorporating observed
regional migration into the model, and by assuming complete
national migration and a hational labor market.

Exogenous determinants of the supply curve are
(1) the stock of high school graduates eligible to go to
college, (2) family income and government loans, and (3) the
quality of schools. Because there are imperfect Eapital
markets for the personal finance of college education, the
ability to pay for the invesiment should affect the stock
of college educated workers. Family income and government
loans are indicators of the abllity to pay. The amenities
which schools provide may affect the college éducation
decision, and so indicators for the non-market quality of
schooling were used. The possibility of rationing of placés
is also considered.

The investment theory of education appears to be
less applicable to females in the aggregate than to males.
In part, this is due to the fewer years spent in {the labor
force by females than males. Some females may therefore go
to college to get a household return rather than a market
return. The household return hypothesis suggests that some
females may go to college to increase their future family
income by increasing their chances of marrying a husband
with high income and professional occupation prospects.

(The hypothesis 1s not that some females go to college to
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find a husband, but rather that they increase their range of
marriage opportunities.) Or women who marry may help in-
crease their husband's income (gilven husband's educatlon) by
increasing their own skills.

A model for the demand for college educated labor is
based on the neoclassical tradition of deriving the demand
for a factor from a (Cobb-Douglas) production function. The
demand equation for college educated labor wés specificd
using the wage rate of college educated workers, the prices
of related factors of production (high school educated labor
and physical capital), the industrial composition of output

(as an output demand curve shift variable), and the quality

of workers. Two methods were used to measure industrial

composition or output: tThe calculated ratio ol the coetf'ti-
cients of the production function, and a series of indicators
for the size of different industries. |

The supply model was used to predict the 1970 stock
of college educated males in the U. S. from 1960 data on sup- |
ply determinants. These predictions were compared to U. S.

Bureau of the Census projections and actual 1970 ocutcomes.,

Evidence
The empirical analysis is cross-sectional, using
states of the U. S. as units of analysis.
The evidence suggests that prospective white male
college students respond to changes in the economlic bencfits
and costs of a college education. An increase in the bene-

fits increases and an increase in the costs decreases the
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subsequent stock of college educated male workers. The suc-
cess of this simple investment model of education suggests
that human copital theory is useful in the ex ante behavioral
explanation of the supply of college educated men as well as
in the ex post assessments of its rate of return.

The quantity response of the stock of young college
educated white males with respect to changes in the economic
benefit of college is positive but inelastic, about .3 (see
Table 14). But the implied earnings elasticity is greater
than unity, about 1.3. The effect of changes in the costs
of college is negative and also inelastic, at -.T. Costs are
estimated to have a larger effect than beneflts on the sub-
sequent supply of college educated men. This may be because
the costs are immediate and well-known while the benefits
ere distant and uncertain (or the coefficient of the benefit
variable may be biased downward due to measurement errérs).

The results indicate that if thé earnings of college
educated white males with income had been 10 percent higher
in 1950, they would have accounted for 23.2 ﬁercent of the
male labor force in 1970 instead of the actual 20.5 percent
(age group 25-34). The earnings of high school educated men
have as large an effect as the earnings of college éducated
men on the supply of college educated men. Thls 1s because
the earnings of high school educated workers affect both the
benefits and the foregong earnings costs of a college edu-

cation.
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et The effect of the costs of college can be illus-
trated in terms of its impact on the higher education
sjstem. If the total casts.of <0llege had been 10 percent
lower in 1960 than they actually were, there would have been
& need for an additional 32,000 places in colleges each
year, which amounts to about 65 additional average size
colleges. |

College students appear to use information on cur-

rent earnings of experienced workers to est;ggtgjthgrbg&g:_‘_wm=____

‘fits of college rather than predict earnings of workers in

the future.
There is some probability that workers will migrate

to other states for employment after college. Hypotheses

which assumed that prospective college students use informa-

tion on earnings differences in other states to determine

their btenefit from college did not give materially different

results from those above. This may be due to the fact that

net interstate migration in a single year is quite small,

or because migration probabilities do not figure in the

prospective student's determination of his benefit from

college. The hypothesis that there is a national labor

market for college educated workers does not succeed in

e¢xpiaining the supply of college educated men. Although

there may be a national labor market, it is apparently not

applicable to the procpective college student's determina-

tion of his benefit from college. Most importantly, the

existence of geographic mobility of workers, whatever 1lts
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scope, does not alter the conclusion that the lnvestment
theory of education is valid in ex ante decisdions.

The number (share) of high school graduates ecliglble
to go to college does not have a large effect on the subse-
quent stock of male college educated labor. Very few of
the marginal high school graduates, less than one-sixth,
would go on to complete college.

The ability to pay for a college e&ucation is a
significant determinant of the stock of college educated
“"labor. Increases in family income are associated with sub-
'sequent increases in the number of college educated workers,
However, the elasticity is less than one, suggesting that
the widespread belief that the demand for education is
Clncawe elasiic way uol be correct. Some of lhe elffect of
income may reflect the purchase of education as a consump-
tion good rather than the ability to pay for education as
an investment good. The effect of government loans, while
also positive, was quite small and less than the effect of
family income. This may be due to the newness and small
size of government loans in 1960. The effeét of government
loans was smaller than the effect of costs; reducling the
costs of college attendance would be expected to havg a
larger effect on college-going than simply increasing the
abllity of a student to defer the payment of the costs.

The experiments with alternative indicators for the
non-market quality of colleges suggest that prospective
students do consider this dimension, but the effects in the
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agcrecate are small., A larger stock of.college educated
labor is associated with a smaller acceptance rate of appli-
cations for admission, or a larger share of private vs.
public enrollment, or a higher Cossman "attractive" index,
with all other supply determinants constant. The possi-
bility of rationing of places as a constraint -on college
attendance was considered. The empirical evidence suggested
that rationing existed in insignificant amouhts.

The investment theory of education is not a satis-

faétbfyfﬁbdel for the explanation”of the supply of college
educated white females. In aggregate, white females respond
ver— little to changes in their market net return from a
college education. After taking into account the fact that
working women have less labor force experience than men,
the effect of their market benefit from a college education
is about one-fourth that of white males;, if indeed there is |
any effect at all. On the other hand, family income and
the number of high school graduates were more important for
women than men. ‘
Because many women-spend some years out of the labor
force and in the household, a household return may motivate
their college attendance. One household returns hypothesis
is that some women go to college to increase thelr chances
of getting a higher future family income either by increas-
ing their range of marriage opportunities--particularly the
chances of marrylng a husband with prospeccts for high income

and a professional occupation--or ty belng =ble to increase
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their husband's income given his education. This reason
micht apply 1o some women who marry, bu; not to those who
do not marry. Empirically the male market benefit from
college (weighted with the female market benefit according
to proportionate numbers married) was & significant determi-
nent of the subsequent supply of female college educated
labor, even though the female market benefit alone was not.
Although this treatment of the female college decision is
preliminary and incomplete, it is at least clear that the
supply of college educated females cannot bg explained in
the same way as for males. | |

| The demand eguation for college educated workers was
estimated in a similtanecous equations supply-demand model
by two stage least squares. The demand for young college
educated white males in 1970 was wage elastig, about -1.5.
The wages of high school educated male workers ﬁad a strong
positive effect on the demand for colliege educa£ed male
workers, suggesting that college and high school educated
men are indeed substitutes in production.

The industrial composition of ocutput was an im-
portant determinant of the demand for college educated
labor. But the industry mix effects were smaller than the
wage effects. Among those industries which were 1ncluded,
the strongest positive effects on the demand for‘ccllege
educated white males were shown by two finance, insurance

and real estate industries, and the largest negative effect
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was shown by the state and local public administration in-
dustry. The alternative specification of the industry mix
as the ratio of the production coefficients, Cﬁi/czj, did
not affect the size of the estimated wage elasticities.

The own-wage elasticity of demand for young college
educated white females was inelastic, about -.6. The cross-
elasticity of demand between high school and college educated
white females was also smaller than for white males, indi-
cating fewer substitution possibilities. This is consistent
with the observed occupational distribution of females.
fhere is a concentration of college educated females in the
education services industry where there is little substitu-
tian possibility with'high school educated females.

The human capital model proved to be an accurate
predictor of the 1970 supply of young college educated males
in the U. S., using 1960 data on supply determinants. The
model predicted that college educated males age 25-34 would
account for 19.7 percent of all.males of that age in‘l970,
while the actual figure was 19.0. The best U. S. Bureau of
the Census projection was 17.2 percent. Thus the supply
model made an error of 3.7 percent while the Census error
was 10.5 percent. When the supply cf young white college
educated males in the population was predicted, the human
capital model made no error, giving a figurc of 20.3 percent,
which was the actual figure realized.
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Policy Implications

By combining the estimated supply equation and
demand equation parameters for college educated labor, the
operation of the labor market for college educated workers
can be understood. This supply-demand model documents for
the first time the reasons for the large increase in the
number of college educated males over :ime, and the reasons
why their relative earnings level had not, untiy 1970,
fallen.

First, the stock of college educated white males
supplied to the labor forcc is in fact responsive to changes
in the earnings of college educated workers as they are
expressed in changes in the markef benefits of investing in
college education. Real increases in the difference between
the earnings of college and high school educated workers
over time have provided anqgsonomic incentive for the ex-
pansion of the supply of college educated workers. And
prospective male college students have in fact behaved as
i{f the investment return to a college education were an
important education decision variable. The absolute dollar
value of the net return to a college education has increased
over time. This, fundamentally, is why there has been an
increasing supply of college educated white males.

Other variables which have effects on the future
supply of college educated males are the number of eligible
high school graduates, family income, and government loan

*
funds. All these variables have positive cffects, and all
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have increased over time. However, Increases in family
income will not, according to thls analysis, have a dominant .
impact, contrary to popular belief.

The findings of this study document the reasons why
the real wages of college educated white males have failed
to decline absolutely and relatl . to the wages of high
school educated workers. First, the demand'for thecse
college educated workers is wage elastie, so that there are
no large decrerses in their wages, moving along the demand
curve, as the supply increases. Second, the demand curve
.readily shifts out if the wagzss of high school workers rise,
and if the aggregate'industrial composition of output be-~
comes more intensive .n the use of college educated workers.
Both these events have been occurring. (Of course, explana-
tions of time series events ffom crosc-sectional analysis
must be guarded. But roughly the same observed relation~
ships between quantities and wages hold across‘states as
well as over time. And the time-series analysis of Freeman

-[2971] contains conclusions consistent with these above.) -

This knowledge of some basic parameters of the labor
market for college educated white males 1s important for
manpowes policy. A fundamental conclusion of this study is
that this labor market does in fact behave in accordance
with conventional economic relationships. When coupled with
Fre.man's findings on the &1sequilibrium adjustment pattern

of certain high-education occupations, the findings of this

[
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study suggest that the stock supplied and the quantity
demanded of college educated men respond to changes in thelr
wéges. These findings indicate, e.g., that policies of im-
proving information flows are likely to bring results, and
that on the other hand, policies of direct intervention are
likely not necessary. The nature of manpower policy here
should be one of facilitating market adjustments, and the
scope of manpower policy need not be extenslve.

Quite different implications apply to white females.
The labor market for white female college educated labor
.can not be counted on to produce the expected economic
results. The supply is not responsive to changes in markeﬁ‘,
earnings or the market benefits or costs of a college edu- |
cation. Non-market variables appear to be more important.
The quantity demanded is not nearly so responsive to changes'
in wages as was true for males. Research on the forces
influencing the college education and employment decisions
of white females is needed; at least it is apparent that
there is roum for public policy -here, although what that
pelicy should be is not known.
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TABLE 14. Summary of estimated regression coeffi-
clents {elasticities) for the supply and demand
for collegc educated labor age 2H-34, states of the

U. S., 1970
52%?;5?2n?1222§ White Males White Females
A. Supply

BEN .297 n.s.
COST - T27 N.S.
HS - o466 621
Y 476 .738
LOAN .180 n.s.
Q ~-.223 n.s.
R2 597 -499
B. Demand
Wi -1.513 . =.587 -
‘ W} 1.417 624
R 017 -.019
Q -.078 -.031
Ay .666 850
NOTES:

The dependent variable, LY, is the natural logarithm

- of the share of college educated workers in the labor force.

Right=hand .side variables, in natural logarithms, are: BIN,
COST = benefit and cost of college education in deollars (BEN
for females zorrected for labor force experience); HS = high
school pgruduates as a share of the population age 17; Y =
family income of families with children age 18 or less;

LOAN = government loans per enrolled student; Q = non-market
college quality indicated by the acceptance rate; Wi, W; =
rate of pay of cullege and high school educated workers)
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R = price of physical capital indicated by the gross ratec of
return to depreciable asgsets in manufacturing; ‘xi/c¥i =
industry mix indicated by the ratio of production coerfi~

All coefficients in the supply and demand equations
for white males are statistically significant exceeding ithe
.05 level except Y and Q in the supply equation, which arve
significant at the .10 level, and R in the demand equation.
For white females, BikN, COST, and LOAN in the supply ecqua-
tion and R and @ in the demand equaticn are not statistic-
ally significant (indicated by "n.s.").

Demand equation estimated by two stage least
squares.

Supply equation right-hand side variables measured
in 1960.
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1

ALy =

COST =

variable Definitions

the share of white males (females) age 25-34 with
income who have i=1l6 or more years of school comple-
ted, 1970.

the share of white males (females) age 25 or more
years with income who have i=16 or more years of school
completed, 1970 (Ljt,) and 1960 (Ljt~n)-

Litg = Litg-n

the expected private market benefit of a college edu-
cation investment:

theoretically specified as Z: Wit - Wit

- t=mel (1+x) *
whoara W:s.  W:.. = aarnince of snlloos and 'k-'g'k rrnbhanl
------- *h. JL l\-—----.--‘— - —'—“-1:‘ (=2 X J LY an Nt g P O et g

educated workers in year t, r=discount rate, m=the
number of years of college education, and k=the length
of the working life;

m

empirically specified as (Wi-W3)l1 - Z: 1 ] (l—e)
r t=1 (1l+r)
where Wi, Ws = median annual income of white males

(females) age 25 or more years with income who have
i=16 or more and j=1}2 years-of school completed, do—
flated by P, the state absolute price level index (cal-
culated as a population-weighted average of 40 metro-
politan are.s and four non-metropolitan regions for
1970), 1959; r=the discount rate calculated as a weigh-
ted average of the return to debt and equity instruments
and return to sales of proprietorships and partnerships,
adjusted for the subjective rate of time preference
(indicated by personal income per capita), 1960; m=4

or more years (see above): f=the inveoluntary college
drop-out rate, indicated by decgrees granted relative

to prior freshman enrollment.

the expected private costs of college education, which
is foregone earnings plus direct costs:
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W -WRE+DCy ¢
t=1 (1+r)
where Wi = carnings of high school educated workers
in year't; W;, = part-time earnings of college students
in year t, and DC; = direct costs of college;

theoretically specified as

m
empirically specified as 2: wj‘wgt » DCit ..(l-p)
t=1 (14x) ¢

where W5 = median annual income of white males {(females)
age 18-24 with income who have j=12 years of schcol
completed, deflated by P, 1959; wE = mean annual part-
time income of enrclled college males (females) age
16-24 years, 1959; DC; = revenues from student tuition
and fees plus aid, per enrolled student, for four year
institutions of higher education, deflated by P, 1959.

BEN - COST

the share of white male (female) high school graduates
in the population age 17, 196G.

median annual family income of husband-wife families
whose head of household is age 35-44 years old and
who have children age 18 or under, deflated by P, 1959.

government loan funds disbursed per enrolled student
by four-year institutions of higher educaticn, deflated
by P, 1965-66. '

the quality of schooling, indicated alternatively by
(1) the acceptance rate of applications for admission
to four-year .institutions of higher education, 1966;
(2) private cnrollment as a share of total enrollment,
1960;: (3) the Gossman "attractive" index, 1966 (sce

p. ).

BEN (Female) = differs from BEN in that W; and W; are adjusted

downward by EXP; and EXP;, where EXPj and]EXP~ = share

of childless college and high school educated white
females age 25 or more years.

BENREG=the benefit of college under the regional migration

hypothesis,
48 k
calculated as Z Z ¢ Wit=Wite
- z=1 t=m+l z “{IFz]v
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‘ where ¢2= the probability of migrating to the 2th state,
calculated as the percent of males age 25-34 in the
state who migrated to the zth gtate in a single year
about 1960, and z = an index over states.

BENNAT=the benefit of college ugder the hypothesis of a nat-
ional labor market for Lj,
k —
calculated as 2: Wit W5t
_ ' t=m+1l (1+r)t
where W = U. S. median value of Wy

Demand Fquation Variables

L; = as defined above

L{ = as defined above

wz, W§=median annual income of w! ‘te males (females) age 25-34
with income who have i=16 .c more and j=12 years of
school completed, adjusted by the unemployment rate
and Lhe extent of part time werhing for colloge and

high school educatced workers age 25-34 in order to ap-
proximate rates of pay, deflated by P, 13869.

Wi, Wy=as above, for‘age 25 or more years.

R = the price of physical capital, indicated by gross rate
of return to physical capital in the manufacturing sec-
tor, calculated as value added.minus payroll divided
by book value of depre.iable assets, average of 1969
and 1970, deflated by P.

Cfi/ﬂ$= an indicator for the industrial composition of output,
which is the ratio of the production coefficients of
L; and Lg,

* *
L} . Wi

calculated as i __%_
- Lj Wj

I3, I,... = @a series of industry variables, which is the share
of employment in the following industries
for white males:
£y = agriculture, forestry, and fisheries, plus coal
mining, plus textilc mill products;
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two durable goods manufacturing industries:
electrical machinery, equipment, and supplies,
plus professional and photographic cequipment and
watches:

three finance, insurance, and real estate in-
dustrics: Dbanking, plus credit agencies, plus
securitics, commodity brokerage, and investment
companies; ‘

two other finance, insurance, and real estate
industries: insurance, plus real estate ;

two public administration industries: postal
service, plus federal public administration;
two other public administration industries:
state public administration, plus local public
administration

for white females:

I

il

1

four non-durable goods manufacturing industries:
tobacco manufacturers, plus textile mill products,
plus apparel and other fabricated textile mill
products, plus leather and leather products:
three transportation industries: air transpor-
fation, nlne petrnlenm anA natural ass pipelinra,
plus services incidental to transportation; plus
one communications industry: radio broadcasting
and television; plus four utilities and sanitary
services industries: electric light and power,
plus electric gas and steam supply systems, plus
water supply: |

finance, insurance, and real estate:

elementary and secondary schools:

= colleges and universities; .

federal public administration.

the quality of workers, as defined above.
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TABLE 15. Zero order correlation matrices of varialbles in
equations for the supply and demand for college educated
white males, states of the U.S., 1970

A. Supply Variables

AL; BEN cosT NR HS Y LOAN Q

Lit, .859 .506 ns .531 .472 .506 -.294 ~.265
AL; .546 ns .576 .324 .508 =-.386 =-.273
BEN .412 .993 ns  .651. -.661 ~-.499
COosT .299 ns ns -.207 ~-.596
NR ns .660 -.665 -.443
HS .378 ns ns

Y , ~-.636 ns

LOAN | ~ .336

B. Demand Variables

% & ol
wie, Whe, R OHifdi I, I I I Ip3 Iy

L¥ ns ns ns .842 -.208 ns ns ns .225 ns

t
W%tg .556 -.282 ns =~-,271 .206 ns ns ns ns
wgto ~.316 ns =-.226 .240 ns ns ns ns
R ns .433 ns ns ns ns ns
Vi /o5 -.304 ns ns ns .24l ns
Iy .446 .698 .710 .564 .714
Io .803 .809 .572 .782
Ig ) | .978 .778 .970
I, .800 .979
I13 : . 807
NOTES :

See page 178 for variable definitions.
ns indicates not statistically significant at the .10
level for a one-tailed test.
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TABLE 156. Zeoro order correlation matrices of variables in
equations for the supply and demand for college educated
white females, states of the U.S., 1970

A, Supply Variables

AL{ BEN COST NR HS Y LOAN o)
Lito .690 .376 .313 .300 .551 .517 -.286 ~-.296
ALj ns ns ns .664 .352 ns ns
BEN ns .974 .208 .676 ~-.446 ns
COST ns 216 ns ~-.331 ~.755
NR ns .641 -.366 ns
HS .344 - ns -.207
Y -.637 ns
. LOAN .335

B. Demand Variables

Wity Wit, R iR 12 I3 T, Ig I, Ig

LY{t, Nns ns ns .920 -.512 ,347 .640 .439 .257 ns
Wit .665 -.238 ns .216 ns  .206 ns ns ns
W§to -.257 ns .426 .232 .355 -.594 ~.440 .206
R ns ns ns ns .378 ns ns
ofi folj -.484 .356 .515 .513 .397 ns
I, -,271 -,361 -.654 ~.510 ns
I, . 580 ns ns ns
Ig ns ns ns
Ig .570 ns
Iy ns
NOTES:

Scc page 178 for variable definitions.
ns indicates not statistically significant at the .10
level for a one-tailed test.
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APPENDIX II

EVIDENCE ON THE PRIVATE RATE OF RETURN
T0 COLLLGE EDUCATION IN THE U.S. OVER TIME

Estimates of the private rate of return to an investment

in college education have been made for the Census years 1940,
1950, and 1960, as well as a few intercensal years. The prin-
ciple studies are those by Becker (1960, 1964), Schultz (1960),
Hansen (1963), Hanoch (1967), Hines, Tweéten and Redfern (1970),
and Carnoy and Marenbach (unpublished). Results from one study
are not strictly comparable to those of another because Of
differences in the samples used and in the number and nature of
adjustments made to the raw income or earnings data. However,
the study by Carnoy and Marenbach attempted to use consistent
methodology over time. The figures below are estimated private
rates of return to college education marginal to high séhool for
white males.

There is no discernable trend in the rate of return over
the more than 30 year time period. Most of the estimates are
in the neighborhood of 12 to 16 percent except the Hanoch figure,

which resulted from more extensive earnings adjustments than in

the other studies.
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Year Source ‘ Ratc (%)
1939 Becker 14.5
1939 Carnoy and Marenbach 16.3
1949 Becker 13.2
1949 Hansen 11.6
1949 Carnoy and Marenbach 12.8
1956 Becker 12.4
1958 Becker 15.0
1958 Schultz 11.0
1959 Hanoch 9.8
1959 Hines, et. al. 13.6
1959 Carnoy and Marenbach 17.6
1969 Carnoy and Marenbach 16.2

In a new compendium of work on the rate of return to
education, Psacharapoulos (1973) conclgdes “the profitability
of investment in college education in the United States did not
change appreciablyv between 1939 and 1961." Furthermore, these
rates of return are favorable. According to Hanoch (1968),.
they are "higher than rates of interest in the market and some-
what higher than average rates of retﬁrn generally estimated
for non-human capital.”

Note that the long run equilibrium condition that the net
return should equal zero means that the internal rate of return
to education should be equal to the alternative rate of return,
such as the rate of return to physical capital, 1In fact the
measurcd rate of return to college education in the U.S. has
been slightly above the rate of return to physical capital for
20 years. (Of course, this could be an artifact of a systemat-

ically incorrectly calculated rate of return either to human
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or physical capital.) This may be explained by the fact that
the calculated rate of return to college education usually
assumes that all carnings associated with education are due only
to cducation and not associated factors such as ability, cre-
dentialing, SES, motivation, unemployment, and laboxr foxce

participation.
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APPENDIX III

PRIVATE INTERNAL RATES OF RETURN TO COLLEGE EDUCATION,
1959 AND 1969, 45 STATES OF THE U.S.

The following internal rates of return were calculated
by setting BEN equal to COST and solving for the discount
rate (sce equation 11, p. 36, for the expression for BEN and

equation 31, p. 104, for the expression for COST).

State 1959 1969
Alabama 14.4 17.9
Arizona 13.0 14.0
Arkansas 11.9 , 15.0
California 15.7 16.2
Colorado ' 13.3 16.0
Connecticut 16.8 17.0
Delaware 20.7 19.3
Florida 13.3 16.7
Georgia 15.5 17.1
Idaho 12.5 13.5
Tllinois 14.9 14.7
Indiana 11.9 13.1
Iowa ' 12.5 13.0
Kansas 14.4 15.9
Kentucky 14.0 14,2
Louisiana . 14.1 15.5
Maine 12.5 14.1
Maryland 18.4 19,2
Massachusetts 14.1 14.1
Michigan 14.0 13.5
Minnesota 13.2 14.7
Mississippi 14.6 15.4
Missouri 11.9 15.3
Mont ana 12.5 13.0




State 1959 | 1969
Nebraska 15.3 14.9
Nevada 12.8 . 14.3
New Jerscey 19.1 17.7
New Mexico 15.5 18.4
New York 15.5 17.2
North Carolina 15.4 16.7
North Dakota 15.2 16.0
Ohio 13.7 13.7
Oklahoma 14.5 16.1
Oregon 10.5 12.5
Pennsylvania 14.8 16.2
Rhode Island 14.2 15.5
South Carolina 15.4 16.0
South Dakota 14.¢6 15.2
Tennesee 14.0 17.0
Texas 15.3 17.4
Utal 12.0 | 12.5
Virginia 18.9 19.8
Washington 13.5 14.1
Wisconsin 12.7 13.0
Wyoming 11.4 12.7

The internal rate of return exhibits some variation across
states. Since in long run equilibriﬁm one might expect the
rate of return to be equal everywhere, a question arises: is
the variance in 1959 rates of return due to disequilibrium, ox
due to nonpecuniary differences across states? The supply model
of this study says that high school graduates make the college
attendance decision partly on the basis of the investment value
of a college education; the higher the benefits and the lower
the costs, tﬁe larger the subsequent stock of college educated
labor. Since this model is supported by the analysis, it would

be expected that states which in 1959 had high rates of return

would have larger increments to their stock of rollege educated
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labor than stales with low rates of return, and that the market
wage:, of colloye educatoed workers would thus be depressed (ab-
stracting from demand side considcrgtions). This would tend to
reduce the 1909 rate of ccturn in that state. In other words,
a convergence toward the mean of the state internal rates of
return from 1959 to 1969 would be consistent with the supply
analysis in this paper. On the other hand, if there is no con-
vergence in the rates of return, that may be taken as a sign
of ecither a persisting disequilibrium (or perhaps that 10 years
is too short an adjustment period), or as a sign of equilibrium,
with the differences across states attributable to non-pecuniary
facters.,

LEvidence on this question can be provided by the following

statistics for the internal rate of return in 1959 and 1969.

Statistic 1959 1969
Mecan 14.3 15.5
Range - 10.2 7.3
Variance 3.996 3.618
Coefficient of Variation . 140 123

The cocfficient of variation for 1959 is small, indicating
that if the 1959 rates of return are disequilibrium observations,
the cxtent of disequilibrium is small. There is evidence of
some convergence by 1969 since the range, variance, and co-~

efficient of variation all decline by modest amounts.
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APPENDIX IV
SEQUENTIAL COLLEGE EDUCATION DECISIONS YAND DYNAMIC ADJUSTMENT

The supply model in this study explains the stock of young
college edugated labor at a single point in time, and the
change in the entire stock over a ten year time span. The
model is static, despite the rate of change dependent variable,
insofar as the explanatory variables are measured at a single
point in time,

In this appendix, an elementéry inquiry is made into the
ature of Lhe dynawic adjusiment of Llie sloch Ol Culluye edu=
cated labor. To do so, the outlines of a sequential college
education decision mcdél are sketched. This constitutes an ex-
tension of the reasoning which led to the specification of the
basic supply equation in Chapter 1I.

From gquation (1), page 8, the change in the number of
ccllége educated workers, Lj, from one time period to the next
is

Litg=Lie -1 = Lee,~Lit, (i)
where Lfta = the number of entrants into college educated
labor category L, in period t,, and L?t = the number who

o
depart from that category.
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The number of entrants Lfto is given by the number of necw

college graduates who join the labor force and are employcd,

u

Or, (-ue) G | (i)

Le
Lito o

where Ge,, the number of new college graduates in period t,,

() tg = the proportion of college graduates who enter the labox

force, and u = the unemployment rate. The variable © is an

individual decision variable. It is a probability whose value

may changc from one period to the next. For prime-age college-

educated males, © %1 (and u £ 0), but for females, © < 1.

The variable u is in part a firm's decision variable.l
By continuing to write down equations for successively

earlier time periods, an expression is obtained for the cum-

ulative number of entrants over time:

1.t -1 = Q-1 (1-ug-1)  Gpoma

e
Lirtg-2 = Oto-2 (1-ug,-2)  Ggy-2

to tO
e
Z Lit = Z e t (l-ut) Gt
t=ty-n t=to-n (iid)

The number of workers who depart from college educated labor

1 Lf¢. is the increment in the stock of workers supplied
to the labor force. Equation (ii) relates the increment in the
stock available to the increment in the stock supplied. To
obtain the increment in the flow of services supplied, variables
for wecks worked per year and hours worked weck would be used.
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category L is given by the number who leave the labor force

*

(by temporary or pormancnt retirement or death) or who become
uncmployced. An expression analogous to (iii) can be obtained

for leavers.
to o '
Intcrest focuses on equation (iii) because 77 Lt is
t=t_~n

the central variable in the supply model (see equatgan 4) .
Insights into the factors affecting LE may suggest ways in

which dynamic adjustment occurs in the stock of college educated

“labor. For this purpose, the college education decision is

treated as a sequential decision process over the m=4‘years of
college attendance.l
The number of college graduates in yeax tg, Gto' depends
on the number of enrollees in year t -m and on the number of
drop-outs each year:
Geg = Etc-m - Pto‘mgto"m - ()to‘m"'lEto'm*l - Pto-m-!-zEtc'm““z
t o-m+2 '

= Eto..m - Z ()tEt . (iv)

t=t -m
where E¢ = the number of enrolled students in year t, and t =

the drop-out rate in year t. The sequential decisions consist

of the initial decision (as a high school graduate) to enroll

“To simplify, this abstracts from bachelor's degree work
requiring cither less than or more than four years, and it
abstracts from graduate work. There is no loss of generality.
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in college, and successive annual decisions whether to continue
to the next year of college or drop out.

The initial decision to go to college, from the human
capital based supply model, depends on the private mirket benefits
(BEN) and costs (COST) of college, the ability to pay for college,
indicated by family income (¥Y) and government lecans (LOAN), and
on the non-market quality of schooling (Q). Tpe number of el-
igible high school graduates (11S) is a potential cqnstraint on
the aggregate number of college students.

E. = f, (BENg, COST_, Y;, LOAN,, Q) (v)

t
Drop-outs may be voluntary or involuntary. The involuntary
drop-out rate depends on academic difficulties, indicated by
the student's grade point average (GPA), and on financial hard-.
ships. The voluntary drop-out rate depends on unfavorable net
returns from continuing in college, non-market schooling
quality, and on changes in taste for college zitendance (AT).
()t = g¢ (BEN,, COST,, Yy, LOAN., Q,, GPA_, AT,)
The decision whether to continue or drop out has the same
determinants as the initial enrollment decision, plus two nlure:

1
GPA and AT. Of course the values of these variables change

in ecach perind, For example, the foregone earnings compunent

1l since tastes are not measurable and there is no data by
states on academic averages, these two variables would have to
be deleted in an empirical analysis.
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of COST for the initial enrollment decision in year t -m is
the earnings of high school educated workers, W 5. For the
first continuation/drop-out decision, it is the earnings of

those with one ycar of college completed, W;y5. BEN is form-~
: X
ulated initially in year t, -m as DBENy _n = le,t-W12,t
© t=m+1l (1+x) ¢
After one year of college, the value of BEN relevant to the

1

continuation/drop-out decision is formulated as
k

BENg _m1 = & S16,.t BUER: 2
t=m-3 (1+r)

A sequential explanation for the number of college
graduates in year t, would proceed by taking measurements in
each of the m years, ty,-m to t, on the variables common to
the explanation of the initial periocd's enrollment and each
succeeding year'é drop-out rate. By repeating the sequential
model, G cculd be explained over a span of time. This is the

chief component of the number of entrants into the college

l The assumption is that prospective college students
determine the benefit of completed college to make the initial
enrollment decision. This is plausible since the rate of
return to completed college exceeds that of one year of col-
lege. The hypothesis is that students re-evaluate their
original decision at the end of each year.

2 An alternative model could be formulated in which
year's college continuation decision was a one year decision.
Then the formulation above becomes

k
BEN{ j-m+l = Wig, e ~ M3 ¢
t
t=m~-3 (1+4r)
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educated labor category over time. The result is a dynamic

model cf the adjustment process for the stock of college

éducated labor.

0. el




