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Abstract

This paper analyzes the role of the structure of skills in economic de-
velopment through investment in human capital. With a lack of credit
market for education and the presence of indivisibilities in investment
in human capital as well as of congestion in the educational system,
the initial distribution of skills affects aggregate output and investment
both in the short and the long run, as there are multiple balanced
growth paths. This paper provides an additional explanation for the
persistent differences in per-capita output across countries. Moreover,
it shows that cross-country differences in macroeconomic adjustment
to educational policies can be attributed, among other factors, to dif-
ferences in the distribution of skills.
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1 Introduction

This paper explores the theoretical linkage between social mobility and growth,
through investment in human capital. Our main interest is how high skilled
population evolves through time in light of educational policies and how it is
related to growth. It is shown that the distribution of skills can significantly
affect aggregate economic activity both in the short and in the long-run.
Countries which have similar educational policies but different historically
determined skills structures, follow different growth paths. Moreover, in the
long-run, transitory changes in educational policies may have quite differ-
ent effects according to the skills structure in the economy. Some countries
may reach a new stage of development while others are trapped at a low
development equilibrium. Hence the paper suggests an explanation for the
differences in growth patterns between countries.

One of the major motivations to study the relationship between edu-
cation and growth is the observed correlation between skills and economic
performance. In developed countries, we observe two main levels of formal
education. The first is the compulsory schooling which provides individu-
als with fundamental knowledge. The second includes subsequent trainings
(college and university). For several decades, this structure evolves with an
increasing proportion of students, even if this tendancy seems to slow down.
For example, in the United States, the college population increased by 4.4%
yearly on average from 1970 to 1980, and by 2.6% yearly on average since
the beginning of the 1990’s. On the contrary, many developing countries
fail to promote university education and remain, at best, with a very large
proportion of low skilled individuals and a very low growth rate. Finally, a
set of countries, including "new dragons” succeeded in developing university
and have experienced high growth rates.

Following empirical studies showing the importance of the workforce qual-
ity on the growth process (Denison, 1962; Jorgenson, 1984; Barro, 1991),
some models of economic growth, such as Lucas (1988) or Azariadis and
Drazen (1990), have emphasized investment in human capital as an impor-
tant factor contributing to growth. These models generate persistent growth
endogeneously. Azariadis and Drazen (1990) provide an explanation for eco-
nomic development related to increasing returns to education. To the extent
that a significant component of human capital is due to formal schooling,
these models do not account for education supply (and its organization).
Further, they are representative agent models and then can’t stress any is-



sues concerning the structure of skills an economy. This shortcoming applies
to Tamura (1991) since, in his model, an initial heterogeneous population
converges to an homogenous one.

Banerjee and Newman (1993) provide an explanation for different eco-
nomic development paths based on wealth distribution, regardless of edu-
cation. Galor and Zeira (1993) analyzed the linkage between wealth distri-
bution, education choices and growth. But they ignored the efficiency of
the educational system and the impact of educational policies on the growth
process. The importance of education supply has been stressed in a general
equilibrium model by Glomm and Ravikumar (1992) who show how educa-
tional incentives could be different according to the nature of the educational
system and how this leads to different income distributions and growth paths.
In another framework, Bénabou (1996) considers dynasties in which original
parent spends time to educate his child and votes taxes to provide him with
public education but he is not concerned with economic development.

This paper develops a general equilibrium model with overlapping gen-
erations and intergenerational altruism. It focuses on the educational orga-
nization with two levels of human capital. The basic level, called low skill,
is reached by all agents in the economy and is entirely financed by taxes
on wages. The second level, called high skill, is only partially financed by
the government and implies an individual choice of paying or not the addi-
tional private cost, the tuition fee. Without credit markets for education,
parents choose to pay or not the fee for their children, according to their
preferences (which depend on the human capital level of their children) and

to their income!

(section 2). This contrasts with Gradstein and Justman
(1996) who consider that additional private spendings are perfectly divisible
and may complete public ones. Our formulation highlights the existence of
fixed costs, such as fees, to access university (see Chiu, 1998). Fckstein and
Zilcha (1994) formerly introduced public education which depends on edu-
cators in a non political context but they only focused on the effect of the
introduction of compulsory schooling.

In each period, parents are divided into two categories, the high-skilled

(HS) who have had the second level of formation and the low-skilled (LS) who

have not had it. Each parent has one child, and he chooses whether or not to

'Tn most of the mentioned litterature, there are no credits markets for education. Ed-
ucation takes place because of parental altruism. A notable exception is Fehrstman and

al (1996).



pay the fee for his child. There are then three possibilities for the proportion
of IS in the new generation (section 3). No change arises when all S
choose to pay the fee and no LS pays it. An increase in the HS proportion
arises when some of the LS choose to pay the fee. A decrease of the HS
proportion arises when no LS and only part of the HS pays the fee. These
three outcomes appear in the study of the short-term equilibrium. In the
intertemporal equilibrium with perfect foresight (section 4), these possible
changes in the proportion of HS combine with the accumulation of physical
capital resulting from the savings decisions and with the accumulation of
human capital: there is an external effect of the mean level of human capital
from one generation to the next.

We show that the dynamics is monotonic for both the proportion of the
HS agents and the ratio of physical capital to the mean human capital. In
the long-run, there is an endogenous growth rate which depends on the long
run proportion of HS agents. Three tendancies appear concerning the pro-
portion of HS. First, there are intervals where this proportion is constant.
Hence, identical schooling systems lead to different growth rates according to
different proportions of HS agents. Second, this proportion decreases when
the tax rate is too high and it may converges to a "low-skill trap”, which
can be viewed as an underdevelopment trap. Third, the proportion of HS
increases when the tax rate is low enough and it converges to a higher growth
path.

The paper is organized as follows. The following section presents the
basic model. Section 3 provides an analysis of the short-term equilibrium. In
section 4, we present the dynamics. The study of the effects of the proportion
of high skilled is provided in section 5. In section 6, we study development
paths and assess the effects of educational policies. The last section contains
concluding remarks.

2 The model

We consider a three period lived overlapping generations model. Fach period
t, there is a continuum of agents born at ¢ of weight 1 which are identical,
but their parents are not.

Each agent born at ¢ receives a basic education, and a proportion of them
receives an additional education (say at university) during their first period
of life. In period t 4+ 1, when adult, he works, consumes, saves and may pay



the fee (finance the university) for his child. In his last period of life ¢ + 2,
he is retired and consumes the gross return of his savings.

Parents in period ¢ are either high skilled (IS) or low skilled (LS). The
p. HS workers are those who benefited the additional education in period
t — 1. Their human capital level is h{ and their wage income is why, where
wy 1s the wage per unit of efficient labor. The human capital of the 1 — p;
LS parents (those who only received the basic education in period t — 1) is
I and their wage income is w:h;. Parents choose to pay or not to pay the
fee (cost of additional training) for their child.

2.1 The educational system

The basic education in period t applies to all agents and it is financed by the
government. It leads to a human capital level

hiy =@ (ajpe,af (1 —pr)) e (1)

which depends on the number afp; of HS teachers (¢ is the proportion
of the p; HS workers who are teachers in the basic school), on the number
af (1 —p;) of LS teachers and on the mean human capital level (of adults)
in the society at date ¢:

hy = pehs + (1 — p;) h? (2)

® is an increasing function of its arguments: ®; > 0, &y > 0.

The cost of the basic education is the total wage cost of teachers?
afpewehi + af (1 — pe) wih?

This cost will be paid by the government through taxes on wage income.

The additional training in period ¢ only applies to p;; ¢ children, those for
which parents accept to pay for it. The fee is proportional to the current HS
wage

2Workers and teachers wages are the same for an equal qualification (non arbitrage
property). A simple interpretation of the two types of teachers is the following. To teach
the basic education it is sufficient to have had it, i.e. both LS and HS can do it. But HS
are more efficient and there is some complementarity.



e; = yawh{ (3>

The production of h® depends on three arguments: the number of univer-
sity professors the government finances (Gp;) , the fee, v, and the number
of students p; 1. Specifically:

hf+1 =v (ﬂtpt; ’Ytupt+1) h?+1 (4>

U is an increasing function of Fp, and y; it is a decreasing function of
the number of students pyy1 (dilution effect).

The university education increases the human capital level which results
from the basic education. Without spendings (5; = v = 0) there is no sup-
plementary human capital accumulation: ¥ (0,0,p) =1 for all p > 0.

The total financing by the government (including the basic education) is

ge = (af + B) pawihi + of (1 — pg) wihy (5)

We shall assume positive proportion of all teachers and a positive fee
a; >0,a7>0,8,>0,%>0,0] +5, <1, a7 <1

2.2 The consumers

An agent born in ¢ — 1 works in period ¢. His human capital h; is either h]
or hy according to he has received or not the university education.

With a tax rate 7; on his wage income, the after-tax income of an agent
with a human capital hy is (1 — 1) wehe. He consumes ¢, saves s;, and spends
e; for the university education of his child. He chooses e; either equal to e}
and the child receives the university education, or he chooses e; = 0 and his
child does not receive this education. Consequently:

ht+1 = h§+1 lf €t = ef and ht+1 = h?+1 lf [ 0

He maximizes his life cycle utility which depends on the human capital

level of his child?:

3The utility may depend on the net income of the child (1 — 7¢11) w1 by this would
not modify the decisions since the utility function is assumed to be log-linear.
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Ut,1 = (1 - a) In ¢t + alndt+1 + bln ht+1 (6>

subject to the budget constraints:

(1 —7m)wihy =ct 4+ st + e and deyyg = (14 7441) 8¢ (7)

a and b verify: 0 < a <1 and b > 0; 1, is the interest rate on savings
and dy;, the consumption in period ¢ + 1.

Whatever the choice of e;, the optimal decisions of consumption and
savings are:

co=(1-a)(—e),se=a(Q—e),dy1=(1+741)5 (8>

where Q; = (1 — 1) w¢hy is the after-tax income.

The difference of the two life-cycle utilities U} ;| and Uy | corresponding
the choice of e; = €] and e; =0 is

P —U =In(Q—e¢) +blnhi,, — (InQ +blnhy,,)
(Qu—ef)Th

Q

where Wy = h{,,/hiy =¥ (Bipr, Ve, peyr) is the ratio of the two possible
human capital levels for children.

=1In

As a consequence, at date t, the optimal choice of an agent with an after-
tax Income £); Is

8

e, =ef if Q> _extIFb
t+1
(= 0if Q< — 9)
1=
He is indifferent between the two choices when ; = —%+ and may

—b
1-w, 7

choose ¢, = ¢] or ¢, = 0.



2.3 The firms

There is in each period one representative firm producing one good with two
inputs, physical capital K; and human capital (or efficient labor) H;. The
production function Y; = F (K3, H) is homogenous of degree one, increasing
and strictly concave with respect to each of the two production factors. The
firm maximizes its profits: F' (K, Hy) — weH; — (6 + ) Ky wy is the wage, 6
the depreciation rate of capital and r; the interest rate. At equilibrium the
wage 1s equal to the marginal productivity of labor:

wy = Fy (Ky, Hy) = I (ke, 1) (10)

where k; = K;/H; is the ratio of the capital stock and the human capital
level used in production. The interest rate is equal to the marginal produc-
tivity of capital net of depreciation:

Tt:F;((Kt,Ht)—(S:FI/((th,1>—(S (1]_>

3 Short-term equilibrium

At date t, the capital stock K is given and results from the savings decisions
made in period t — 1. The proportions p; of HS and 1 — p; of LS workers
are given and result from the education decisions taken by parents in period
t — 1. The corresponding human capital levels h{ and hy are known.

3.1 The tax rate

Given educational policies of, o, 3y, the government spendings are given by
the relation (5). The tax rate 7y is assumed to be chosen in order to balance
the government constraint. Since all workers (including teachers) pay the
same tax rate, the tax income 7 (pywihf + (1 — p)why) should be equal to
the government spendings ¢;. Using the ratio ¥, = hj/hf, we obtain:

(o + B) peVe + af (1 — py)
1—pe+peVy

T = (12)

Note that 7, < max {af + 5, af} which implies 7, < 1.

8



3.2 The number of students at equilibrium

The efficiency of the university education W (5¢ps, v, pri1) depends on the
number py;1 of students. Since the after-tax income of HS workers is larger
than the LS one, there are three possibilities:

a) all HS pay the university cost for their child, and no LS does it.

b) at least some LS pay it, and then all IS pay it.

¢) at leat some IIS do not pay it, and then no LS pay it.

Let us define, for fixed values of 5, > 0, p,, 0 < p, <1 and v > 0,

Tt
Pt(PtH) = _ (13>
1—-w (ﬂtpta%;l?tﬂ) ’

pt(pry1)wehi is the minimum after-tax income for which a parent accepts
to pay the university cost for his child; pi(piy1) is a measure of the ratio of
costs and benefits of the additional education. The function py(ps;1) is well
defined and increasing for all p;,1 > 0, since the denominator doen’t vanish,

U (Bepe, Ve Pey1) = W (0,7, 1) > 1.
We first assume 0 < p; < 1. The three possibilities are the following

Case a. The students are the children of the HS workers, and p;,; = p;. For
this to be an equilibrium with optimal choice of education by both types
of parents, the following inequalities should be satisfed with p;,; = p:

Q= (1 = ) weh§ > pepeya)wehi and QF = g-QF < py(per1)wihy

or equivalently, the tax rate should satisfy:

pe(pe) <1 —1 < Wypy(pe) with ¥, = hj/h] (14)

Case b. At least some of the LS workers pay the university fee and p; 1 >
pt. There are two subcases:

e when all .S workers pay the cost, pyy; = 1, their income Qf should at
least be py(1)why, ie.

1—7 > Uyp(1) (15)

and then of course the HS workers pay it: 1 — 7, > pi(1)

9



e When some LS-workers pay the cost, but not all, p,y;1 < 1, then these
workers are indifferent between paying or not paying it and

1-— Tt = qjtpt(le»l) Wlth P+ < Dii1 < 1 (16>
Then of course all HS workers pay the fee: 1 — 1 > pi(pry1)

Case c. At least some HS workers do not pay the cost and thus p, 1 < p;.

e When no HS worker pay the cost, p;11 = 0, then

pe(0)>1—m74 (17)

e When some but not all HS workers pay the cost, then

pe(pey1) =1 — 7 with 0 < pryy < py (18)

In both subcases, LS workers choose optimally not to pay the cost: 1—7; <
Wepe(pet1)

Remark: We have assumed 0 < p; < 1. In the special case where p, = 0,
there are no HS workers in period ¢, and thus no university teachers.
Then the fee does not exist (it can be assumed arbitrarely large) and
necessarely p;y1 = 0. In the other special case, when all workers are HS,
p: = 1, then case b is excluded and there are the three possibilities:
if pe(1) <1—7; (case a), then pyyq =1
if p,(0) > 1 — 7, then p;yy =0
if ps(0) <1 —7 < pe(1), then there exists pri1, 0 < pr1 < 1, such that
Pt(Pt+1) =1-m.

10



Proposition 1 For any values of parameters (B > 0, 0 < p, < 1, v > 0,
0 <7 < 1), there exists a unique number of students pii1, 0 < pryq < 1,
corresponding to the optimal choice to pay the fee or not by parents, i.e. one
and only one of the five conditions ((14), (15), (16), (17), (18)) is verified.
When 0 < p, < 1,

case a (per1 = pe) occurs if and only if pu(pr) <1 — 7 < Uypi(pr)

case b (pry1 > pi) occurs iff 1 — 1 > Wipi(pr)

case ¢ (pry1 < pt) occurs iff 1 — 1, < pi(py)

We have seen in the remark that the special cases p, = 0 and p, = 1 lead
to a unique value of pyyy. Consider now the case 0 < py < 1. When (14) is
satisfied, then we also have for all pry1 > pr, 1 — 70 < Uyp(pry1) since py is
increasing and case b is excluded; for pyy1 < py, we have 1 — 7, > p(pey1)
and case ¢ is excluded. Thus when (14) is satisfied, p;y1 = p; is the unique
solution.

Now assume (14) is not satisfied and first that Wyps(p) < 1 — 7. Then
cither (15) is satisfied and p;1 = 1 is the unique solution, or (15) is not
satisfied: Wypy(pr) <1 — 7 < Uypi(1) and then there exists a unique value of
Der1, Pt < Pry1 < 1 which satisfies (16).

Similarly the last possibility p;(p;) > 1 —7; implies either (17) and p; 11 =
0, or (18) defining a unique value of pi41, 0 < pry1 < py.

3.3 Equilibrium prices

The number of IS workers who are not teachers in the basic education system
is (1 —a?) (1 — p,) which is non negative if o < 1; but the number of the
IIS teachers (in the two types of training) (o 4+ ;) pt + Vper1 should be less
than the number p; of HS agents. When this is the case, the total efficient
labor supply made to the firm is

Hy=(1-0a7) (1 —p)hi +[(1 = of = B) pr — Vebeya] by (19)

Then the labor market equilibrium determines the current wage and the
current interest rate (since K is given) following (10) et (11).

In the case p; = 0, the economy works without university education and
Piy1 = 0. In the case p, > 0, there is a restriction on the fee and the number
of students. For an optimal choice of pyy1 < p; (cases a and ¢), it is sufficient

11



that v, < 1—af— ; but in the case b, the condition (1 — o — B) pr > Veprs1
for existence of an equilibrim is more restrictive. It is certainly verified when
Ve < (1 —af = B)pe.

Proposition 2 Given positive parameters oy, of, (B¢ and v which verify:
o + 5 < 1 and of < 1, and given the past variables Ky > 0,0 < p, <1 and
U, = hi/hy > 1, there exisls a unique short-term equilibrium al period t if
cither py = 0 (and then pyyqy = 0) or if p, > 0 and the unique solution pyiq
defined in proposition 1 verifies

(1 —of = B) pe 2 Vepera (20)

Given the parameters and the past variables, the equilibrium tax rate
7; defined by (12) verifies 0 < 7, < 1. There exists then a unique optimal
number of students pyy1 (proposition 1); when p; = 0 or condition (20) is
satified, the labor supply to the firm H,; is determined by relation (19) and
the equilibrium prices are given by (10) et (11).

Finally, all agents save optimally a proportion a of their income net of
tax and of fee. The total net income of the parents is

P+ (1—p) Q2 —pryref = we [pe (1 — 1) b + (1 — o) (1 — 72) b — pep1vehi]

The total net income is necessarily positive since agents do not pay the
fee when it is larger than his income net of tax. Thus

Kt+1 = Q |:(1 — Tt) Bt — pt%hﬂ Wy (21>

With W,y = b /h7 1 = (Bepe; Ve, Pera) all equilibrium variables obtain.

4 Dynamics

In order to maintain things simple, we consider constant positive values for
the parameters a®, a®, 3 and 7 of the education policies, and we assume:
a®+ [ = a°; the government finances the same proportion of teachers in each
type of agents HS and I.S. With this assumption, the tax rate is constant
7 = a°. In this case, the total tax paid by the LS agents, (1 — p;) Twh? is
just the cost of the LS teachers in the basic formation (1 — p;) a®why. The

12



total tax paid by the HS agents p;7w:h] is the cost of the HS teachers in
both formations which is paid by the government p; (a® + 3) w, hj.

We also assume that the fee is compatible with at least one constant
proportion p of HS-workers.

Assumption: the parameters o, «”, § and v are positive and verify:
o+ fF=a"and 0 <’ +3+v<1.

This implies 7 = a” and 0 < 7 < 1.

4.1 Dynamics with a constant proportion of HS

The number p of students (and of IS agents) is constant: all IIS agents pay
the fee and no LS pay it (case a). The condition (14) for this case is

044

y
<]l -7 —
TE120

g = (22)

where ¥ = U (fp,y,p) > 1. The condition for existence of the short term
equilibrium when p > 0, v < 1 —a® — 3 =1 — 7 is then necessarely satisfied.

Proposition 3 Consider fized values of the parameters: T = a° = o’ + f3,
with 0 < 7 <1, a® >0 and B > 0. Then for any value of pp, 0 < py < 1,
there exists an interval of values for the fee v > 0 and an interval of values
for the proportion p which contains pg such that the short-term equilibrium
leads to a constant p.

The set of values of (p,~) which verify the strict inequalities

044
1—0?

v

m<1—7—<

(23)
is an open set, by continuity of ¥. It is enough to show that (po, o)

belongs to this set for some vy > 0. The function of ~:
() = ¥ (Bpo,7:p0)
1=W(Bpo,v.po) "
is continuous on [0, 1] since the denominator does not vanish (for v = 0,

U (8po,0,p0) > 1 since 8 > 0). It verifies: #(0) = 0 and (1 —7) > 1—7 since
U (Bpo,1 — 7,po) > 1. Thus there exists a largest value 73 of 7, v < 1 —7
such that 0(~1) =1 — 7 For v > 7, we have () > 1 — 7. But we also have

at vy

13



71 —1-
1—W(Bpo,71,p0) " < 8(71) =l-7 o . o
Thus for vg > 74, and 7y near -y, this inequality also holds by continuity.

This shows that (pg, o) does belong to the open set.

With such values of the parameters, all short-term equilibria verify that
the proportion p of HS is constant, and the two types of human capital
accumulation verify for all ¢:

hip1 = @ (a’p,a’ (1 — p)) hy and hiyy =Y (Bp,v.p) by
Thus the mean human capital level grows at a constant rate

hey1 = Ghy with G = @ (a®p,a® (1 — p)) [1 — p+ p¥ (Op,7,p)).

The human capital devoted to production is with this assumption: H; =

—o-b
K1 = aHuw, ~
Since H; grows at the same rate as h;, we have
kiv1 = Kiy1/Hepn = Koy /GHy = awy /G

and the dynamics of k; are

(1 — 7 — BT ) hy. And the physical capital accumulation is:

a
ki = aFi (e, 1) (24)

These dynamics are monotonic (since dkiy1/dk, > 0) and thus k; con-
verges to some stable steady state k* which is decreasing with respect to G.
But there may be several steady states (see Galor and Ryder, 1989). Then
the limit k* depend on the initial value of ky. Moreover 0 could be stable
and the unique steady state. This is excluded with the assumption

(k1
lim L( ) )
k—0

=400 (25)

Note that all educational parameters o

, a® 3, v have a positive effect
on the growth rate. But in the short run, when the tax rate 7 increases, then
the income of all consumers diminishes. The effect of an increase in v only
reduces the net income of the HS who pay the fee. Note also that an increase

in GG has a negative effect on the dynamics of k; (equation 24).

4.2 Dynamics with a decreasing proportion of HS

Let us define the cost-benelits ratio:

14



_ v

Bod) =g 7 N

This function is decreasing with respect to p and increasing with respect
to q. Given the initial value py, 0 < py < 1, the number of HS decreases iff

B(po,po) >1—1.

Proposition 4 Consider py, 0 < po < 1 such that B (po,po) > 1 — 7. Then
the sequence of HS al equilibrium p, is decreasing and

either there exists some p, 0 < p < po, verifying B (p,p) < 1 —7 and
in this case the sequence of p; converges to a steady stale value p where
B(pp)=1—r.

or for all p, 0 < p < po, we have B(p,p) > 1 — 7, and in this case
the sequence p, converges to 0; and it may reach O after a finite number of
periods.

In the case where B(p,p) < 1 — 7 for some p, 0 < p < py, we have:
B (po,p) < B(p,p) < 1—17 < B(po,po)- Then there exists a unique value
p1, p < p1 < po such that B (po,p1) = 1 — 7; and p; is the unique optimal
parents choice leading to an equilibrium in period 1 (propositions 1 and
2). Indeed condition (20) is verified: p1y < poy < (1 — 7)po. Moreover,
B(p1,p1) > B(po,p1) =1 — 7 and p; > p. Thus the same argument shows
that there exists a unique equilibrium value in period 2, ps which verifies
p < py < p1. By induction the sequence of p, is decreasing and verifies
py > p for all t. Thus the sequence of p; admits a limit p > p and we have:
B(p,p) =lm B (p,pr11) =1 —T.

In the other case, when B (p,p) > 1—7 forall p, 0 < p < pg, we know from
proposition 1 that there exists a unique py, 0 < p; < pg, which corresponds
to the optimal choice of parents an which is an equilibrium by proposition
2 (verifying p1y < poy < (1 — 7)po). When p; = 0, then all future periods
equilibria verify p, = 0 (there is no more university education). When p; > 0,
we have B (p1,p1) > 1 — 7 and the same argument as for py applies for py. It
may need an infinite number of periods for p; to converge, but the limit of p;
cannot be positive. A positive limit would verify: B (p,p) = lim B (ps, pry1) =
1 — 7 which is excluded.

4.2.1 Interpretation

By assumption, when B (po, po) > 1 — 7, the initial cost is too large when all
HS workers would pay the fee. Thus, only a fraction of them will pay it, and

15



the number of HS decreases. But this will reduce the number of HS teachers
in the following period who are paid by the government (the tax rate 7 is
the same but the tax basis is reduced). Then the decreasing sequence p;
necessarely converges to a limit which is
either equal to 0 and the university education disappears in the long run
or a positive level p which is a steady state of the proportion of HS.

4.2.2 Dynamics

Since p; converges to 0 or p > 0, the sequence of capital-efficient labor ratio
also converges and its limits is a steady state of

ke = g1y (ke 1)

where (G, is the limit growth rate of the mean human capital stock.

In the case where p; converges to p > 0,

Goo =0 (a’p,a” (1 —p))[1 — p+pY (8D, 7, p)]

In the case where p,; converges to p > 0,

G =2 (0,a°)

4.2.3 The cases of monotonicity of function B (p,p)
1) The case in which B (p,p) is increasing for all p, 0 < p < 1.

This is the case in which ¥ (8p, v, p) is decreasing with respect to p, i.e.
the dilution effect U3 dominates S, the effect of the university financing
by the government. Assume B (p,p) = 1 — 7 for some p, 0 < p < 1*. Then
the condition B (pg,po) > 1 — 7 is equivalent to pg > p. For any pg > p
the sequence p; decreases and converges to p. In this case, p is the largest
possible proportion of HS in the long run.

2) The case in which B (p,p) is decreasing for all p, 0 < p < 1.

This case corresponds to f¥; > —W;3: the financing by the government
dominates the dilution effect.

When there exists p such that B (p,p) = 1 — 7, the condition B (pg, po) >
1—7 is now equivalent to py < p; and for py < P, the sequence p; is decreasing
and converges to 0. In this case, p is the lowest positive proportion of HS for

‘When B (p,p) > 1 —7 for all p, 0 < p < 1, then for all py the sequence p; decreases
and converges to 0. When B (p,p) < 1 —17 for all p, 0 < p < 1, then whatever pg, we have
p1 > po (since p; < po is excluded) and the sequence of p; is non-decreasing).
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the university education to exist in the long term: if at any date ¢, p; comes
below p, then the sequence p; converges to 0.

The ratio ¥ of h® on h? is equal to the ratio of individual net incomes of
HS and LS. The larger U, the widest is the inequality between the two types
of individuals.

4.3 Dynamics with an increasing proportion of HS

Given pg and Uy = h/hg, we have p; > pg (case b) iff

lIJ()B (p(),p()) <1l-—71

and there exists a unique p; > po which is either 1 when UoB (pg,1) <
1 — 7, or the unique value py, pp < p1 < 1 which verifies ¥oB (po,p1) =1—7
(proposition 1). In order to determine a short-term equilibrium in period

t = 1, the following condition should be verified (condition (20) in proposition
2):

1 < (1 —=7)po
For this to be verified, it is sufficient that v < (1 — 7)pe.

Proposition 5 Assume pg > 0 and Vo = h§/h§ such that v < (1 —7)po and
VB (p(),p()) <l-—r7.

Then the intertemporal equilibrium starting with py exists and the se-
quence py 18 non-decreasing.

The assumptions imply: p; > po and for all ¢, the sequence p; is uniquely
defined. Consider any date ¢ such that p; > p, 1 > 0.

If p = pr_1, then case a applies in period ¢ — 1, and we have (condition
(14)) B (pt,pt) = B (pr_1,pt-1) < 1 — Tand this property excludes p;1 < py.

If p; > p¢ 1, then case b applies in period ¢ — 1, and we have (15) or (16),
and B (ps1,pt) < Yy 1B (pe1,p:) < 1—7and since By < 0: B (pg,py) < 1—7,
which also excludes pi1 < pr.

Thus in all cases we have p.y1 > p;.
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Remark: In the increasing case, the dynamic equation is (relation (16)):

v (ﬂptfla%l?t) B (ptuthrl) =1-r,

which is a second order difference equation in p;. But we have shown
that, when this equation applies, the dynamics of p; is monotonic non-
decreasing.

The non-decreasing sequence p; necessarely converges to a limit p <1
and in the long term the growth rate is

Go =@ (a’p,a” (1 —p)) [1 —p+p¥Y(8p,7,D)]

Thus the ratio k; of the K; and H,; converges to a stable steady state of the
dynamics k1 = g=F7 (ki 1).

5 Effects of the proportion of high skilled agents

As shown by proposition 3, there is a continuum of different values of the
proportion of HS leading (in general) to different growth rates in economies
having the same educational parameters. Indeed, given an educational policy
(e, a?, B,7), the balanced growth rate is given by G = & (a’p,a® (1 — p))
[l —p+p¥ (Op,v,p)]. There are three effects of the proportion of HS on
growth. First, this proportion acts on the basic education through ®. Second,
it influences the rate of human capital accumulation in the university, W.
Finally, it has an effect on the mean level of skill. There are p HS having the
university education, that is a higher human capital level (U > 1) than the
1 — p LS. Let us study more precisely these three effects.

The structure of skills in the economy depends on the proportion of HS
agents. Given the efficiency of both formations, an increase in the share of
IIS raises the (stationary) population undertaking the university formation.
Some LS parents finance the university formation to their child. Next, their
heir will also be HS. Since the human capital level of HS is always higher than
the LS one (¥ > 1), an increase in the proportion of IS induces a structural
effect improving the average human capital level in the economy. Nonethe-
less, a modification in the proportion of the HS population also changes the
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efficiency in both type of training. Given educational policies, the proportion
of HS determines the number of teachers/professors but also the number of
students in the university. This in turn alterates the efficiency in the basic
formation as well as in the university. Moreover, the efficiency in the basic
formation is shaped partly by the efficiency of HS teachers.

The university education is optional. Hence, the size of the student pop-
ulation corresponds to the proportion of the young whose parents finance
university fees. Moreover, a® HS adults are teaching in the university. Con-
sequently, in the long-run, an increase in the number of teachers has two ef-
fects that are opposite in sign. On one hand, it worsens the congestion effect
in the educational system and then reduces its efficiency. Given the number
of professors, there are more university students. The quantity and/or the
quality of knowledge professors can transmit to their students falls. On the
other hand, this increased proportion of HS raises the number of professors.
Given the number of students, this improves the efficiency in the university
education (for the opposite reason than previously). In the particular case
where the quality of education only depends on the teacher to pupil ratio,
there is no long-run effect of a change in the skills structure. Indeed, this
ratio remains unchanged since the number of professors as well as students
grow at the same rate. The two effects neutralize each other so that the
efficiency in the university education does not depend on the proportion of
HS. This efficiency only depends on the proportion of HS financed publicly
(and on fees). Given the government budget constraint, this acts upon the
ability of financing HS teachers in the basic education.

The basic education is compulsory. Since there is no population growth,
the number of students is constant. On the contrary, the number of teachers
of each type changes with the proportion of HS. The number of I.S teachers
cuts back with this proportion whereas the number of HS ones increases.
Hence, the overall effect is ambiguous and depends on the relative efficiency
of each type of teachers. When the allocation of teachers is efficient, the
marginal productivities are proportional to wages: ®1/® = w*/w® = ¥ and
the derivative a’®; — a”°®P, has the sign of a®¥ — a”. Under the assumption
that the government finances the same proportion of teachers of each type
(a® = o + ), the proportion of LS teachers will always be higher than the
HS one. The sign of the derivative is then unclear. In particular, a relatively
high proportion of HS teachers implies a relatively low public financing effort
in the university education. Indeed, an increase in the number of HS teachers
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in the basic formation significatively raises the number of HS teachers who
might have relatively few additional knowledge. Then, a very high proportion
of HS doesn’t guarantee the efficiency in the basic formation. FEven if the
efficiency of university teaching is large when the proportion of HS teachers
is relatively low in the basic education, the effect of an increasing proportion
of HS is negative on ®. The intuition of this result is very simple. If the
basic education is principally made by LS teachers and if their proportion
in the LS workers is constant, a decrease in the number 1 — p of LS workers
cuts back the number of teachers and, consequently, a decrease in the basic
human capital level.

Proposition 6 The global effect of the proportion of high skilled on the
growth rate results from three partial effects. First, a mean human
capital effect which is positive. Second, the efficiency of the university
formation, which is positive when the effect of the number of teachers
dominates the congestion effect (there is no effect when this efficiency
only depends on the teacher to pupil ratio). Third, the effect on the
basic formation which depends on the proportion of the two types of
teachers. It is positive iff ®¥ — a” > 0.

We have %—g = (P —a’Dy) (1 —p+p¥) + [V — 1+ psTU; + pPs).

When the efficiency of a level of training only depends on the T PR, the

Pi+1

long-run equilibrium, p; = p. Then ¥ = U (y + ) is independant from p.
Since ¥ > 1, a sufficient condition to have %—g > (0 requires Py — a’Py > 0,
that is a®¥ — a” > 0 when the allocation of teachers in the basic formation

human capital function in the university becomes ¥ = ¥ (w). In the

is efficient.

The effect of the proportion of HS on the growth rate combines two
positive effects and an ambiguous one. We shall assume in the next section
that the overall effect is positive.

6 An heuristic illustration: educational poli-
cies and development

Let us consider two particular forms of the cost-benefits functions B (p, p) —
(1—7)and ¥ (Bp,v,p) B (p,p) — (1 — 7) depicted respectively by the curves
(C) and (D) in figure 1. They allow to describe the dynamics of the choices
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of HS and LS workers to pay the fee. The horizontal axis describes the
dynamics of p which is contingent to its initial value, pg.

Cost-benéfitsratio (C), (D)
A

(D)

Figure 1: dynamics of p

We can observe the three types of dynamics analysed in the preceding
sections.

The sets of p where (C') < 0 and (D) > 0, i.e. [p1,pa] U [ps, pa] U [ps, Pe]
correspond to an invariant structure of skills in the economy. At each period
t > 0 given the educational parameters, HS workers pay the fee and LS ones
do not.

If po lies in an interval where (C') > 0, i.e. |pa,p3|U]ps, 1], the sequence of
pr decreases. In the other sets [0, py[U]ps, ps| where (C) < 0, the sequence of
Py Increases.

Note that every interior point in any interval where the proportion of HS
workers is constant has a property of stability according to Lyapounov def-
inition. Consequently, there is no divergence following a local perturbation
around such a point. Nonetheless, there exist two types of intervals differing
in their boundary properties. “Stable extremities” intervals have the prop-
erties of a sink: if a shock initially moves the proportion of HS workers in
the economy away {rom its boundary value (the proportions pi, ps, ps and
pe 1n figure 1), this proportion will converge to this bound. Thus, the shock
has no permanent, long-run growth effect. “Unstable extremities” intervals
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are such that any shock leading the proportion of HS workers to leave the
interval has long run growth effects. Indeed, this proportion converges to a
stable extremity of the closest “constant proportion” interval.

Let us consider an economy with a time-invariant structure of skill (no
social mobility). In accordance on the discussion above, we can describe the
consequences of a transitory educational policy. In particular, we consider
pure redistributive policies which leave the tax rate unchanged (7 = a® =
a® + [3). For example, an increase in the proportion of HS workers financed
publicly (3) implies a decrease in the proportion of HS workers employed in
the basic formation (o). If the economy lies in an “unstable extremities”
interval®, such a policy may allow to leave a trap with low growth and to
reach a higher growth path. On the contrary, a policy promoting the basic
formation leads to a lower growth path. If the economy lies in a “stable
extremities” interval, these transitory educational policies won’t have per-
manent growth effects. As in Azariadis-Drazen (1990), we show that little
differences in human capital endowments, i.¢ here in the initial proportion
of HS individuals, may lead to persistent differences in growth rates across
countries. Consequently, some countries may initiate a higher growth path
while others could stagnate. Contrary to Azariadis-Drazen, this result of
multiple equilibria arises without increasing returns to education due to non
convexities in the human capital technology; it is due to the existence of in-
divisibilities in the financing of the additional formation. Anyway, we extend
this result in two ways. First, we exhibit intervals with no social mobility.
Countries may initially lie in a state of social immobility (an interval with
constant p). Families with IS parents remain IS permanently while par-
ents of LS families never pay university to their children. As a consequence,
countries with identical educational policies but different initial proportions
of HS have different growth rates. Second, transitory educational policies
may have quite different long-run effects according to the importance of the
HS population. Despite transitory educational policies promoting university
education, some countries can’t jump from lower stages of the developement
path to more rapid ones. They are trapped in a low development stage.
For example, a temporary decrease in the fee or an increase in the propor-
tion of teachers in the university training®, which increases the return to the

® At the bounds of such intervals, the cost-benefits curves are decreasing,.

81t is important to notice that these incentives have to be sufficient to leave an interval
(which is characterized by no social mobility). If so, some LS parents will pay the addi-
tional formation to their children and there is an initial increase in p. Consequently, the
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additional formation, incites some LS parents to finance university to their
children. But, in subsequent periods, the university becomes too costly and
some HS parents won’t pay it to their children. In the long-run the propor-
tion of HS workers converges to the upper bound of the initial interval. At
the individual level, some families could benefit from the educational policy
while others could suffer from it. But at an aggregate level, there is no so-
cial mobility since the proportion of IS remains constant (at least when the
initial proportion of HS was at the upper bound of the interval).

On the contrary, temporary educational policies may help countries in
reaching a new stage of development and in initiating a higher growth path.
The initial incentives lead some LS parents to finance university to their chil-
dren. In subsequent periods, the “return” to education is sufficiently high for
new LS parents to invest. This is the case till the economy reaches the lower
bound of the next interval, characterized by a higher growth rate. Hence, the
cross-country differences in macroeconomic adjustements to educational poli-
cies can be attributed, among other factors, to differences in the proportion
of HS workers. From this point of view, the model provides an explanation
for the stages of development observed by Rostow (1960).

Note that extreme dynamics can arise. In the case where, for all 0 <
p < po, B(p,p) — (1 —7) > 0, the economy ends up in a “low-skill trap”.
In the long run, the economy keeps running with LS workers only and the
university education disappears.

7 Conclusion

This paper analyzes the effect of the distribution of skills on economic devel-
opment through investment in human capital. The study demonstrates, that
in the absence of a credit market for education, the distribution of skills sig-
nificantly affects aggregate economic activity. Furthermore, in the presence
of indivisibilities in investment in human capital, these effects are carried to
the long run as well. Hence, growth is affected by the initial distribution of
skills, or more specifically by the percentage of individuals who have college
education level at the beginning. A major consequence due to the congestion
effect of the educational system lies in the potential existence of many con-
stant growth paths with no social mobility. Moreover, similar educational

magnitude of the educational policy has to be all the more important as the proportion
of HS is low (in the interval).
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policies have quite different long run effects according to the proportion of
high skilled. Indeed, the model provides an explanation for quite different

development paths. On one hand, economic development of many countries

such as “dragons” which succeeded in promoting university and initiated a
higher growth path. On the other hand, developing countries who failed to

promote university and remain with a very large proportion of low skilled
individuals. Such countries are trapped in a low development stage.
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