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Abstract

We show how the ability [0 accumulate human capital through forma education and through a
learning-by-doing process that occurs on the job affects the dynamic behavior of the human capital
stock under a liquidity constrained and a non-constrained case. When there are alternatives to formal
school ing in the accumulation of human capital, investing resources in increasing school enrollment
rates in low-income countries may not be the most efficient means of increasing the human capital

stock. In addition, removal of the liquidity constraints may not be sufficient to escape a development

trap.
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1. Introduction

A survey ot the recent growth literature would reveal at least one consistent policy
prescripuon: invest in human capital  Although the importance of human capital has been established.
the crucial question ot how this policy should beimplemented still remains o be answered.  We take
this question Up in this paper. considenng how the ability 1o accumulate human capital through both
tormal training and through on-the-job expenence affects inhe dynamic hehavior of the human capital
Stock.

Empincal evidence from micro data has consistently shown that work experience is an
important determinant ot an individual human capital.  The model we present In this paper
acknowledges this evidence. broademing the detinition of human capital o include on-the-job learning
as well as general education. The insights gmined through this approach allow us to draw several
important conclusions.  First. a policy that focuses exclusively on achieving large increases in
enrollment rates may not be the most efficient policy for increasing an economy’s stock of human
capital. Alternative policies that encourage industries which produce jobs that alow for more on-the-
job learning could achieve the same objective in a similar time frame with less resources. This

conclusion is consistent with the recent experiences of several developing countries that have

‘Murat F. lyigun is an economist m the Division of Intemational Finance. Board of Governors of
the Federal Reserve System and Ann L. Owen 1s an economist in the Division of Monetary Affairs,
Board of Governors of the Federal Reserve System. This paper represents the views of the authors
and should not be interpreted s retlecting those of the Board of Governors of the Federal Reserve

System or other members Of its staff. Please send all correspondence to: Division of International
Finance. Mail Stop 23. Washington. D.C. 2055 ]. Phone: (202)452-3798. Fax: (202)452-6424.
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experienced lurge increases in enrollment rates but not corresponding increases in output.” In contrast.
many ot the East Asian cconomies specializing in manufacturing high-tech goods have experienced
large increases M output with less dramatic rates of increase in school enrollment.

Recent work in the cconomugs literature has provided mixed evidence in support of educational
vesunent as a determinant of economic growth. On the one hand. Barro ( 991 ) and Mankiw.
Romer and Weil (1992) demonstrate that human capital. even when defined Hnly 1o include
educational attanment, drrectly attects economic growth. 01] the other hand. Benhabib and  Spiegel
(1994) find empirical suppon for their claimi that human capital is not a factor of production and is
(rely relevant m determ ining the level of technology empioyed in an econo my. Pritchett ( 1995) makes
an even wronger point. showing that increases in cducational capital due to improvements in the
~ducational ... unment of the labor force has a negati ve impact on the growth of output per worker.

In contrast to mixed evidence from aggregate data. micro data has consistently shown that
earnings and productivity increase With anindividuals education.” Our imterpretation 1s consistent
with both the micro and macro evidence: it allows individuals  productivity w increase with their level
of educatior but recognizes that the extent ot the producuvity increase will depend on the existing

level Of human capital In this regard. our mode) s Similar 1o some of the current work m the growth

*Pritchert (1995) provides a summary of relevam stylized facts: In the yew-s between 1960 and
1985, the educational attainment of the labor force m the Sub-Saharan Africa grew ar a faster rate than
that in any other region. Y et growth of output was about half that of Latin America and about quarter
that of more rapidly growing regions [See Easterly and Levine (1995) for 4 detailed account of the
economic performance of countries in Sub-Saharan Africal. Similarly. in other less developed
countries as a whole, enrollment rates have increased significantly in the last thirty years while growth
rates have been stagnating or even falling. In countnies and regions that have recorded considerably
high levels cf educational attainment such as Sri Lanka, Costa Rica, Jamaica. the Philippines and
parts of” India. output levels have been significantly low for educational levels.

’See. for example. Mincer (1993).
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literature.* However. hy acknowledging alternative methods of accumulating human capital, it differs
significantly trom the cxistung work in that it provides an explanation for why advocating increases in
enrollment rates may not be the most efficient policy recommendauon for economic development. In
fact. in countries in which the exisung level of human caprtalis very iow. our model identifies the
possibility that increases m enrollment rates could actually decrease the economy’s stock of human
capital in the shon to intermediate term.®

The introduction of another method of accumulating human capital creates the possibility of
muluple equilibna. even for preferences and technology that would otherwise not generate such a
result Imponantly. this possibility iS not erased when credit market imperfections arc removed and
there 1s no explicit costto education.  Another conclusion we are able to draw from our model iSthat
the amount of education individuals desire may increase with the level of development. Thus, the
causality between education and growth runs both ways. This conclusion is particularly strong when
individuals cannot obtain loans to finance first period consumption.

Another conclusion of our analysis thatis refevant to policy makers 1s that hquidity
constraints. even when there are no out-of-pocker expenses for schooling, may limit the growth and
level of per capita income. While the imporant role of liquidity constraints is not new to our paper.

we add to this discussion the observation that although removal of liguidity constraints is a necessary

‘Some studies, such as Tamura ( 1991 j and Galor and Tsiddon (1994) have focused on an
education-type investment as the pnmary channel for human capital accumulation. Others, such as
Stokey (1988) and Young ( 1991) have examined the growth effects of leaming-by -doing. Our
formulation for human capital accumulation. however, 1s perhaps most closely related to work that has
been done by labor economists who have long recognized the importance of both work experience and
education as a determinant of individual eamings[See. for example. Becker (1993), Mincer ( 1993) and

Mincer (1995)].

*In a related paper. Fershtam. Murphy and Weiss ( 1996) also develop a mods! in which an
increase in the number of educated workers can be associated with g decrease in the growth rate. In
their model. a high social status of educated workers can result in an inefficient allocation of
education as high-income. low-ability people "crowd (ret” low-income, high-ability people from
growth-produc ing educated occupations.”
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condition for M axim 1z 1112 per capita income. it 1S not a sufficient condit ion. Economies with very low
miual levels ot human capial may not be able to escape a4 development trap through a policy that
tocuses exclusively on removing liquidity constrants.

Our conclusions are reached in the tollowng tour sections.  Section 2 provides an overview of
the model. Section 3 describes the basic elements of production and individual decision making.

Section 4 considers the evolunon ot the human capita) stock With and without hquidity constraints and

Section 5 ¢o ncludes

2. Overviewn

The model befow considers a small open economy 1 an overlapping generations framework in
which both physical capital and a labor input are factors of production. In the first period of life.
individuals divide their ime between working and going 10 school. Both activities increase an
individuals second period human capital and. thus. increase the amount of the labor input the
individual can supply m the second period. A mgh paremai tevel of human capital influences the
effectiveness ot time speni m training more than it influences the effectiveness of accumulating human
capital through the learning-hy-domg that occurs on the job  Asa result. when the previous generation
has a low level of human capital. individuals may preter [(J accumulate human capital through work
experience and not through rruming. - Asthe level of parental human caprtal rises. however. schooling
becomes 4 more eftective means ot accumuiaung human capital and individuals choose more
education over work in the first period. When 1oans for tirst period consumption are not available, the
amount of time spent in school in the first period gradually increases with the parental stock of human
capital. When individuals can borrow against second period income to finance first period
consumption. however. they either spend ali or none of their time in school.

This setup gencratex the possibility of multiple equilibria. When credit markets are pertect.

there can be two stcady states:  alow human capital steady state in which individuals accumulate
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human caprtal only through work experience and 3 high human capital steady state in which
individuals spend all ot the firstperiod m school  Both of these steady states are stable. If there are
creditmarket impertections. [here can he three sicady state €s: the low human capital steady state
analogous to the low human capital steady state mentioned above and two additional steady statesin
which individuals spend umeboth working and getting an education in the first period. in [his case.

however, only the upper and lower steady States are stable. The following section describes the model

€conomy more complet cl>

3. The Model

3.1. Production

The output of the economy isa single homogeneous good produced by a CRS production

function that uses capital and labor as inputs. The output produced at timet, Y,. is given by

Y, = FK,L) = Lfik); k, = R (1)

where K, and L, denote the quantities of physical capital and labor employed attime L The production

function f:R, + R, satisfies the standard neoclassical assumptions. Namely, f ’(k,) >0.

(k) < 0. fimio f (k) = e and limi~.. f (k)= (),

We assume that production is earned out in a perfectly competitive environment. and both

factors eam their marginal products. Thus.

r,= fitk) and w, = ftk) - fik)k, )

wherer, and w, denote the interest rate on physical capital and the wage rate paid to labor at time [.
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The economy under consideration 1s open and small. and the world interest rate Is constant at
r. Since the upen economy permits perfect capital mobility. its interest rate S constant at r, as well.

Theretorc. the rauo ot physical capital to fabor. K. and the wage rate paid to labor. w,. are also

constant.

AL,

w, - fiky - fok = (4

3.2. Individuals

Individuals live for two periods in overlapping generations. The size of the Population is
normalized w one and there 1s no population growth. Individuals are endowed with one unit of time
and with u. u > 0. units of physical labor inputin poth periods. In the first period. r-hey allocate their
time and physical labor between work and education and they consume. In the second penod. they
supply all of their ume and physical 1abor plus the human capital they accumulated in the first period
to the labor market and consume. Thus. firs: period income is xuw, and second penod incomeis (p +
)W, where x, 15 the fraction of ume spem working in the first period and h,,, is the human capital
supplied in the second period. Becuuse there are no out-of- pocket expenses associated with formal
training. getting an education aftects first penad resources only by reducing the amoumt of labor
income

Both work expenence and formal tratmng m the first penod increase the amount of human
capital supplied in the second period. In addition. they.rent’s level of human capital enhances the
child “s human capital accumulat ion. Specifically. an individual ‘s second period human capital is given

Dy
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h,.. = vhyx, + zh)e, ()
where h, is the puarental level of human capital. X, is the time spent working. e, is the fraction of time
spent iN tratming. and v(h) and z(h) are mm-decreasing functions of the parental human capitat such
that

V' (h,), 2'th)= 0, vith), 2"h) s 0. wh >g

wh) > 2th) v h, < h

V(h') ‘ Z(ht) -2 h‘ > ﬁ
lim, _ z'th) =0

(6)

A key feature of the specification above IS that at low levels of parental human capital. working m the
first period will provide for higher levels of human capitai m the second penod: but at higher levels ot
parental human capital. formal training results in higher human capital accumulation.® We should wso
note thar m the context of our model, education can be interpreted broadly to include not only
traditional schooling but also other forms of format training such as vocauonal training or
apprenticeships, Thus, in our formulation. the human caprai accumul ated through work experience is
exclusively a result of learming by doing.

Theimportant role that a parent’ s human capai plays in increasing the efficiency with which
a child accumulates human capital can be justified in light of Coleman et al. (1966). Hanushek (1986)
and Fuchs and Reklis (1994) which show that parent’s education is important in determining the
child's level of education. More specifically. Coleman et a. (1966) investigate the relative importance

of family backgrounds in educational attainment and conciude tha differences m backgrounds and

®An example of a function that satisfies the properties discussed aboveiis:

hbl: ahtaxt + bh;le' ; @) Sﬂ<aC|;a,b>O
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characiensucs ot peers M school play o more important role than quality differences among schools.
Hanushek (19860, in & survey ot the lterature on educational studies. remarks that general conceptual
models depict the achievement of a given student as a tuncuon of the nputs of family. peers and
tcachers interacung With mnaice personal abitiies.  Fuchs and Reklis ( 1994) provide evidence that
family and child charactensucs, butnot schools, influence math achievement of eighth-grade students
i the U.S.

In addition to this evidence on parental roles in children’s educational achievement in a
developed country. other studies have emphasized the importance of learning-by-doing and the
transmission 01 this knowledge to other tamily members i developing coumtries. Rosenzweig and
Wolpin ( 1985) document the positive influence thar older. more experienced. family members have on
farm profitabihty in India. finding that the presence of an older family memhcr increases txd-weather
profits by 149 (compared 1 an 8.5% icrease resulting from an addiuonal year of schooling to the
most educated individualin the household). Fosier and Rosenzweig (1995) also show the importance
of learmung-by-domg in developing countnes. finding thai expenence with high-yielding seed vancties
is essentiaifor generating profits With their use  One of the results of’ this study of Indian households
isthat experienced farmers were able 10 earn profits while reexperienced fanners. both educated and
uneducated. could not. Losses to inexperienced educated farmers were smaller than those to
inexperienced and uneducated farmers, indicating that educat ion did add to a farmer’s human capital,

but to a lesser degree than previous expenence.

Since. in the first period. individuals allocate their time between education and work. it follows
that
eg + x: <1 (7)
Individuals receive utility from consumption in both periods, with the utility of an individual

of generation t given hy




U, = Uc,.c,.,.8) 8
where ¢, and ¢,,, denote the consumption Of the individuai in the firstand second periods. 8. 0<8<1. is
the discount tactor that the individual applies to second period consumption. and U(c,, C,+,: 8) satisfies

the usual conditions that ensure an intenor soluton.

Individuals maximize [heir utility subjectio (7) and the following budget constraint:

-nc ¢, - -nNwpe, s @ - Nwp - wh,, *

4. The Evolution of the Economy

The opumal uamount o1 ume wlocated o educauon. ¢,. and to work. x,. by the individual in the
first period (and. theretore the evoluuon of the economy as a whole). will depend on whether there
exists binding liquidity constraints on individuals first period consumption choices. In what follows.
we first analyze the evolution of a non-liquidity constrained economy in which individuals can borrow
m finance consumption. Then. we consider an economy ir: which individuas are liquidity constrained
and cannot borrow tc finance first penod consumpuon

The evoiution of this economy. and. in particuiar. the evolution of the stock of human capital.
{h,}~ . 1s governed by an autonomous. first-order difference equation. The evolution of the human
capitai stock. | h,}”™ L. in turn determines the evolutions of the time allocated 10 educauon. { €, }~ .. and

to work, { X, }~.... and. therefore. the evolution of per-capita income. {y, ) " ...

4.1. The Case of No Liquidity Constraints
Let h* be the threshold level of parental human capital below which individuals do not
choose any education in the first period. Then, given the assumptions outlined in (6), h* s stnctly

greater than h since the opportunity cost of getting an education inciudes nor oniy the foregone human
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capital accumulated through work experience hut also the sarnings associated with working. Since p>
0. at h the opportunity cost ot education s sirictly greater than the opportunity cost of working. Thus,
when there are no binding liquidity constrains on consumption in the first period. the optimal amount
of ume allocated to education by the individual. c,. is given by the following:

JO ih <h
(10)

1 g h>h

where h* 1ssuch thatvih’ + u =/.(17")

When there arc not liquidny constrants. m the first period. individuals devote all of their time
to either work or 10 education. with the chuice depending on the relative marginal returns of cach
activity Specifically, individuals borrow 1o finance first period consumption and allocate all of their
time in the first period to getting educated when their parental human capital stock is sufficiently high.
Otherwise. at low levels of the parental human capital stock. individuals choose to spend all of their

time at work in the first period.

Noting that e, + X, =1, we can describe the time path of the human capital stock by

combining equations (5) and  10):

wvih) if b < h*

By, = wh) = Vh)[1-6th)] - 2(h)d(h) = | (13
zthy) if b, > h"
where the initial stock of human capital. h,. is historically given.
Along the dynamic path. h, evolves monotonicatly. Namely,
lim, _ y'th) =0 (14)
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‘|' vithy 2 0 ifh,<h-

ahl*l - w/(ht) =/ (12)
oh, { z/thy>0 ifh>h"
(v/thys Oifh, < h .
Th, vth) = ' - a3
oh} z"h) < o if h,>h.
We define a steady-state equilibrium as a stattonary stock of human capital, h, such that
(15

k= wh
Once the human capital stock reaches its steady-state. h. the amount of time that individuals allocate to

education. ume allocated 1o work, und per capita income reach their steady-sta]e levels. respectively

denoted by e. X. y.as well 11”7 yw(0)=v(0)>0orif im,_, v'(h)>].then wc knowa non-trivial

steady state exists. . Figure 1 shows three possibilities for y(h,). In figure 1 A, there isa unique non-
trivial steady state in which individual s choose no education, in 1 B there isa unique non-trivia stcady
state in which individuals do not choose to work in the first period, and in 1C. there are two steady
states, one m which there is no work and one m which there 1s no education m the first period. In

Section 4.4. we give an example in which. depending on parameter values. all three cases are possible.

4.2. The Case of Liquidity Constraints
When there are liquidity constraints. individuals cannot borrow o finance their consumption in
the first pentod of their lives. As aresuit. individuals’ first period consumption cannot exceed their

first period income.  Thus. [0 ensure positive consumption in both periods, they will always choose to

allocate some portion of’ their time m work in the first period.

‘Even when only the trivial steady state. h=0). exists. y > 0 since individuals would still earn
wu>0 in both periods. Thisevent would occur if work experience and education provided relatively

little human capital.
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The optima) amount of time allocated to education by the individual. e.. when there are
hinding hiquidity constraints ON consumption. is given by the following:
0 ifh < h"

e, = dh) = (16)
eth) >0 ifh, > h-

Note that the amount of nme allocated 10 education. €,. IS a non-decreasing function of the
parental human capital stock. and the amount ot ume allocated 1o work in the first period. x,. is a non-
increasing functuon of the parental human capial stock Thus. ¢°(h,) = 0 when h < h*, and ¢'(h,)> 0

when h,>h"  We are able to describe the dynamic hehavior of the human capital stock when there
are liquidity constraunts by combining equations (5) and ( 16):

V(ht)l:f ht S h . (17)

h,., =w(h) = vhyl1-0(h,)] + z(h)bth) = {
| V(b1 -eh)) + zthyeh) if h, > h*

Moreover,.

lim, _ e(h) < 1 (18)
Asin the case of no liquidity constraints examined above. h, evolves monotonically along the

dynamic path. Specifically.

s iy = by 20 ek (19)
—_— ¢ pu—
oh, Zheth) + vi(h)[1 -ethy) - e'hylzthy -v(h)) >0 if b, > h .
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! vthys0 ifh,<h.

Fh,., (20)

ah? i) J 2 "thyethy + v'(h)[1- eth)] + 2e'(h)(z (hy) - V'(h)]

. e"hizthy V)] ifp >h”
where the sign of y"(h,) when h, > h* is indeterminate.

As in the liquidity constrained case. if w(0) = v(0)> 0 or if lim,_, v'(h,)> 1. 2 non-trivial
steady sieic cxists. When there are liquidity constraints. however. y(ly) iSa continuous function of the
human capnaistock. b, Figure 2 shows three possibilities for the y(h,) function in the liquidity
constrained case. Figure 2A generates a unique Steady state with no education. 2B generates a unique
steady state m which individuals both work and go to school and 2C shows the case in which multiple
eguilibna exist. At h, there 1s no education and at h,. there ts both work and education in the first

period. (See the example in Section 4.4 thar demonstrates the possibility of each of these three cases. )

4.3 Discussion of Policy Alternatives

In considering the effects of human capital accumulation on economic growth. the analysis
above demonstrates thata broader definition of human capital that includes elements of formal training
and on-the-job learning leads to significantly different policy implications than the ones suggested by
models that define human capital more narrowly

First. the presence of aternative means of human capitai accumulation implies that increasing
school enrollments will not necessarily increase an economy’ s stock of human capital. in fact. when
the level of human capital in the economy is sufficiently low (h, < h) increasing school enroliments
will actually decrease the economy’s stock of human capital in the short run. This point isillustrated
in Figure 2 which shows the time path of human caprtal for three different initial levels of human
capital under the assumption thart a policy devised so that the amount of time spent in school is set

equal m the level that would he chosen m the lugh-income steady state. Thus. the presence of
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alternative methods of human capital accumulation can help explain the observations documented in
Bennabib & Spiegel (1994) and Pritchen (19953 regarding the lack of increase in per capita income in
low income countries that have recently expenienced large increases in school enrollment rates.

In the absence ot a scheme that commuts tuture generations to subsidize the consumption of
current generations. increasing school enroliment rates beyond the level chosen by utility-maximizing
agents grearly trades off the weltare (If currentand tuture  generations.  \Welfare along the transition to
the steady state 1s lower m the presence ot such o policy since. leftio their own devices. individuals
would have chosen less education. If the policy 1s successful in achieving the high-income steady
state however future generations will be much better oft than they would have been otherwise.~

While increasing school enrollment rates is a policy that will be successful in the long-run, as
pointed out anove, 1t may be costly in the shorm-run  An additional policy that our approach identifies
1S thar of artracting jobsto an economy thathavea higher learmng content. thus allowing individuals
to increase their human capital without attending more schooland foregoing first period wages.
Figure a4 shows the time path of human capital tor various levels ot the marginal productivity 0f work
experience and illustrates thar tact that if the value of” work experience is either 1o hugh or [()() low the
economy will not achieve the high-income steady state. When the value of work experience is too
low. the economy cannot accumutate enough human capitai to make educauon worthwhile: and when
the vaiue of work expernence 1s (oo high. mdividuals choose not 10 become educated.

‘The analysis above also shows that the existence 01 liquidity constraints affects the optimal

amount of time allocated to work and to education. Specifically. as we show in the next section with

‘“While the issue of education financing is not specifically addressed in our model. our analysis
allows usto point out that. when the accumulation of human capital is positively influenced by the
existing level of human capital. running a government budget deficit to finance the accumulation of
education may be an appropriate out-of »-steady-state policy since itallows future generations to make
transfers to their ancestors. In the steady stare. however. when the stock of human capital isno longer
growing. this intergenerational transfer is no longer appropriate and the government budge: deficit
should tie approaching zero.
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an example. the threshold level of parental human capital below which individuals devote no time to
education. h*. does not depend 011 the discount tactor that individuals apply to future  consumption.
when no liquidity constraints exists. whereas. 1 does depend on the discount factor when liquidity
constraints exist The reason for this result is simple--when no liquidity constraints exist. individuals
choose the optimal time devoted to education only co maximize their inter-temporal income: but when
con.. traints exist, they take into account their consumption time preference as well. Pur differently. the
threshold levet of parental educauon. b= will be greater when | iquidity constraints exist i! the discount
factor is relatively low. Animphcation 01 this analysis is that policies that aim to remove liquidity
con.. traints on individuals consumption in the carlier part of their lives will result in individuals
devoting more time to education, provided that their parental human capital stock is sufficiently high.
Therefore, the removal of liquidity constraints can help those less developed economies that have
sufficiently high levels of parental human capital stock avoid a development trap (if it exists).
Nevertheless. as we have shown above. multiple equilibria may exist even when there are no liquidity
constraints. As a result. when an economy’s stock of human capital is sufficiently low. the removal of
liquidity constraints will not allow the economy to avoid the development trip.

Another observation that results from comparing the liquidity and non-liquidity constrained
cases is that the level of human capital and per capita income in the high income steady state is higher
when there are no liquidity constraints since the presence of’ consumption loans allows individuas to
spend all of the first period getung an educanon. Tires, wnen this observation is combined with the
discussion m the previous paragraph. it iSapparent that removing liquidity constraints 1s « necessary
but not sufficieri. condition to achieve maximum per capita income.

Unfortunately. we cannot conclude thrs section with one overriding recommendation
appropriate for all countries. Rather. we are able to use our model to identify the circumstances under

which certain policies will he appropriate and to offer an explanation asto why increases in education
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de noi diways ranslate into icreases 1n per capita income

4.4 An Example

Inn this section, we provide an exampic that illustrates the properties discussed above. Let

h, =ax, - bhle
t+1 t r -y ‘2])

Ucpc,,) = In(cy - 8In(c,.), 06 s1

Then. wner: there are no liquidity constrains

l | A o
0 ifh . h =(820Nufe
e - ¢(ht) = ! l b ; (22)
1 ifh >h"
[ a  ifh <h
h., = wh) - 1 (23)
| bh' ifh > h"
i 0 ifh,< h-
ah,,, !
— = yithy = ¢ (24)
ah, R R AN Y
h,
‘i{ 0 ifh, < h"
(25)

&h,,
1+1 - 1"//(ht) = a(l_a)b

ahtz he <0 lfh:> h

In this economy. there exists a steadv-state equilibrium M which individuals allocate ali of




- 17-

their ume to WOrk 1n the firstperiod it lima-i- w(h) < h*  We find that this occurs when the physical

labor endowment of individuals, p. iS sufficiently large and/or the effect of work experience on human
capital accumulation, 4. takes on an intermediate value. Namely.

b > a“[b-a)‘al (26)

1-r

Eguation (26} says thatindividuats Will choose to work i the first penod when 1) the opportunity cost
of educauon is high (,14 1s large).or 2) it work experiences is particularly valuable in accumulating
human capital (@ 1s large). Note that very small values of ¢ will also generate a steady state in which
there is no education. While the choice not to get an eaucation when work expencnce provides litde
human capital may appear irrationd. it isnot A steady state with a low « is consistent only with a
small amount of parental human capital. At thus steady state. the low level of parental human capital
results in alow marginal productivity for educauon in producing human capital. Thus. the positive
opportunity cost of becoming educated causes individuals to chose work over education.

When there areno liquidity constraints. a steady state in which individuals choose not to work
in the first period exsts if the effect of education on human capital accumulation for a given level of
the parental human capital stock. b.1s sufficiently large relative to the effect of work experience on

human capital accumulation. a. Specifically. iima-.- v(~) > h* if and only if

b>a-@+nue 27)

Interpretation of the condition in (27) is strmghtforward--individuals obtain an education when its
marginal productivity in accumulating human capitalis relatively high (b is large) and the opportunity
cost of education is relatively tow (a and jcare small). When parameter values are such that both

equations (26) and (27) are satisfied. then without further restrictions. there exists multiple steady-slate




eqguilibna m this cconomy

When there are liquidity constraints, the optimal amount of time devoted to education and the

evolution Of the human capital stock can be characterized by

e - Cb(h,):ﬁ
'8(bh -a) - (n -a)

hld

= q,(h') =

0

] 1
Fh . he - [prad-8)
Yh | ob

>0 ifh>h.

| a

(1+ 8)bh; -a)

ifh s h*

afl -&(h)) - bhioh) if h, > k-

=1—$ (bh; - u)

(28)

(29)

As in the case ot no liquidity constramnis examined above., h, evolves monotonically along the

aynamic path. Specifically.

oh,,, )
ahx ) w(hr) i
t+1 1 '
v'th) = <
ahtz t: :

i 0 ifh,<h*

|

{ 8 ab .

- — >0 ifh>h"

.\ 1+8 h:

0 lfh‘<h'

-L“(l—a)b<o lfh >h*
t

(31)
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When mere are liqudity constraints. y(h,; is a conttnuous function of the human capital stock. h,.
Thus. there exists u g ewty-stare equilibrium in this economy if yw(0) > () and there exists h, such that

w(h) < h 1or some h, > (. Smce & > O and since individuals choose 1o allocate all of their time to

work in the first period wWhen the parental educaton stock ts equal to zero. yw(0) >0. In the stew.iy

bmy- - 'th) 0 (32)

stare. 11 could be the case that individuals choose no education or choose some educaton. A stcady

state with no educatonexists if w(h’)y < h*. Equation (29) implies that y(h’) < h* when

p>a*(sb-(2-"(1 + 8)] (33)

Consequently, if equation (33)1s satuisfied. then withou further parameter restrictions there
exists a steady-state equilibrium in which individuals choose to allocate no ume to education. denoted
by h,. where h, = u. Examinanon Of (33) reveais that. as M the non-liquidity-constrained case. a
steady state with no education is possible if the value of work experience in accumulating human
capital. a. is either very high or very low. in contrast, if w(h") > h*, then the shape of the y(h,)
function characterized by equations (30) through (32) allow us to conclude thata unique steady state
with education exists.

For a reasonable range of parameter values. it iS possible that muitiple equilibria exist in this
economy. Multiple equilibria willexist when y(h™) < h’. lima— y'(h) < 1. and there exists an h,> h*
such that y(h,) > h,. As established above. y(h") < h* if equation (33) is satisfied, and as implied by
equation (32). tima—. W’ (ii) < 1. In addition. a closer examination of (30) shows that the slope of

w(h) ai b isincreasing in A and 8 and decrcasing m u. thus ensuring for some range of parameter
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values that there exists anh, > h* suchthaty(h,)> h*.” Therefore. it 10 I1ows that for some range of

parameter values. there exists iwo stable steady-state equilibria. denoted by h, and h,. where h,>h,.

At h,. individuals obtain no education. and at h,.individuals choose to allocate some of their time [0

education. A third. unstable steady state. h, such thath, < h, <h,. isalso possible. '“ At this
unstable steady state individuals would atso choose to both work and go to school.

The parental stock of human capital required for individuals 1o choose to alocate a positive
amount of time to education in the firstperiod. h*. will be greater when there are binding liquidity
constraints and when individuals are sufficiently impatieni (the discount factor. & relative o the

interest rate. r. is sufficiently iow)”  Aswc discussed ut the preceding section. this condition

allows the removal of liquidity constraints 10 be a viabic policy altemative.

5. Conclusion

The theory we present above. focuses on how the aoility to accumulate human capital through
both formai training and through on-the-Job experience affects the dynamic behavior of the human
capital stock and of the economy. alowing us to draw severai conclusions, some of which have
important policy implications. First. a @icy that focuses exclusively on achieving large increases in
enrollment rates may not be the most efficient policy for generating economic development.
Alternative policies that encourage industries which produce jobs that alow for more learning through
on-the-job experience could achieve the sume objective more efficiently. As some empiricai studies

have shown, this conclusion is consistent with the recent experiences of severa developing countries

devaluating (30) at h* yields a value greater than 1 when adb - a'*(1+B) > 0. This condition can
be satisfied simultaneously with (33) for some parameter values.

"®The third steady state is not present when h* = .

Vi is ereater under the liquidity constrained case when (u+a)/8> (1+ .
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that have experienced large increases in enrollment rates without corresponding increases in output.

Another conclusion of the preceding analysis that is relevant to policy makersis that liquidity
constraints, even when there are no out -of-pocket expenses for schooling. may limit the level and
growth of PEr capitaince M. More importantly. the madel demonstrates that although the removal of
llquidity constraints ts @ necessary condition tor increasing efficiency and for maximizing long-run per
capitaincome. s not a sufficient condition Economies with very low levels of initial human capital
stock may not be able to escape a development trap through a policy that focuses exclusively on the
removal of liguidity constraints.

Our paper also shows the conditions under which there will be multiple equilibria. Specifically,
1t shows that if the effect of on-the-job expenence retative to that of training on human capital
accumulation is sufficiently small. then there may exist « development trip. In that case. sufficiently
low ninallevels of human capital result in low levels of marginal productivity for education in

producing human capital Thus. the positive opportunity” cost of becoming educated causes individuals

10 choose work over education
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