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principle of placing all children in school for a specified period of time, which
began in the eighteenth and nineteenth centuries, was later adopted by
European governments. ! During this century and, in particular, after the
Second World War | countries adopted the practice of compulsory
education [OECD (1983)]. The exact form of compulsory education varies
across countries, but despite differences in most other areas there is g
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'Frederic the Great of Prussia and Maria Theresa of Austria started compulsory elementary
education as early as 1763 and 1773, resepetively [Melton (1988)]. In England, compulsory
education was imposed by the Elementary Education Act of 1870 [West (1970)].
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and the main part of public expenditures for education is devoted to the
institutions providing education for children.

Why is it that compulsory education s widely accepted as an important
basic public service? Why is most of the public support for education
provided by this institution and not by a tax-transfer method even in
economies where intervention by the state avoids compulsory rules??

All the classical economists [Smith, Malthus, Bentham and J.S. Mill; see
West (1970, pp. 111-112)7] claimed that an increase in the education level of
the poor would result in a decrease in crime and disorder (negative
externality)® and since the state imposes the law and order, a cost—benefit
calculation can Justify the introduction of compulsory education. The
classical economists realized the economic gains from education but thought
that the division of labor in the free market would internalize all the
economic benefits. )

As pointed out by JS. Mill, in the case of children’s education the
principle of self-interest breaks down since ‘the person most interested is not
the best judge of the matter’, and it is not clear that parents make the best
judgment for their children [West (1970, pp. 7-11)1. Mill, however, thought
that ‘a general state education is .. moulding people to be exactly like one
another’, and given his support for variety and liberty he rejected the idea of
compulsory state education [West (1970, p. 124)].

However, the argument that the state should protect children from parents
who do not value education hag been viewed as a sufficiently negative
externality to justify the law of compulsory minimum education. Educators
emphasize the principle of ‘equal opportunities’ for children, which seems to
us to stem from both the need to protect children who otherwise would have
received a very low level of education, and the social Boal of a more equal
distribution of income. C

Already in the carly years of the nineteenth century it was perceived by
McCuiloch in his Principles of Political Economy (1825) that ‘A better system
of education and a better law of inheritance are the two most powerful
means of reducing inequalities of income’ [see Dalton (1920, pp. 56-58)].
This work provides some support for this view.

In this paper we consider an economy where heterogeneity among
individuals in each generation is a consequence of the different preferences of
parents with respect to the education level of their children. Parents’
preferences depend on their child’s level of education, or human capital, but

*Friedman (1962) emphasized the need for a minimum level of education for the better
functioning of a democratic society.
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are independent of the child’s income or lifetime utility. On the other hand,
the level of education obtained by each child has an important impact on his
ability as a worker and in the continuation of the learning process [Becker
(1975)]. As a result, when parents are homogeneous (as in section 2), the
education level is less than the optimal level. The first-best policy which
corrects this negative externality constitutes intergenerational taxes and
transfers which would guarantee the optimal investment in children’s
education.*

To guarantee non-degenerate income distribution we assume that parents’
preferences regarding their offspring’s education are different;’ hence, invest-
ment in their children’s human capital differ. The only way to identify an
individual is by observing his investment in his child’s human capital. As a
result, the implementation of such a policy would be ‘too late’; furthermore,
the actual tax-transfer program should be implemented specifically for each

individual at each date. Therefore, such a policy cannot be considered

seriously (high implementation costs) in an economy where indiviuduals are
heterogeneous with respect to their preferences and their earmings (human
capital). _

Compulsory education can be viewed as a potential second-best alterna-
tive. The fact that this particular method of intervention has been imple-
mented in all countries independent of other aspects, such as the political
environment, implies that it should combine several -pogitive elements that
are widely shared by people. To investigate the economic aspects of this
observation we compare the dynamic allocation of our overlapping gene-
rations model without intervention with a model where compulsory elemen-
tary schooling is financed by a proportional tax on wige income.

We show that a certain minimum level of compulsory schooling, financed
by a proportional tax rate on wage income, increases the aggregate output

“This policy is equivalent to a model that assumes that parents’ utility function is an
increasing function of the children’s income [Becker and Tomes (1979) and Saint-Paul and
Verdier (1991)]. We assume that preferences of the current population depend only on variables
that are directly influenced by the parents’ decisions so that full neutrality of future policies is
not attained {Bernheim and Bagwell (1988)].

SHeterogeneity among parents’ investment in their children’s education is a major source of
the observed income distribution [Becker and Tomes (1979) and Loury (1981)]}. In particular,
optimal investment in children’s education requires that parents take into consideration the
income gain to their children due to their education and the ability of al least some parents to
take loans in order to educate their children. The inability of the market to implement a
contracl in which children pay back the loans from their parents imply an underinvestment in
human capital. A possible policy that seems natural for such an environment is that the
government would enforce such contracts. Is such a policy less reasonable than a compulsory
education? Note that we could introduce heterogeneity by assuming that only part of the
population is not fully altruistic (Aiyagari (1989)]. Hence, only a few, randomly chosen parents
do not consider the marginal income gain to their children. As a result, the current investment
in the education of these parents implies an important source of negative externality on the level
of investment in human capital.
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and, at the same time, reduces the level of inequality in income distribution.
In his empirical work Chiswick (1969) argues that minimum schooling laws
increase the level of skewness but decrease the inequality in the distribution
of income. We also prove that in the long run, the majority of individuals in
each generation are better off under some level of compulsory education.®
We show that compulsory education induces more investment in schooling
and ‘improves’ the human capital distribution. As a result, after several
periods, the output level increases at each subsequent date vis-a-vis an
economy without this policy. Income distribution, starting at t=0, becomes
more equal since the program involves a transfer of resources from the rich
to the poor and eliminates the frequency of a population with very low
investment in human capital. The median individual is better off since his/her
income is affected by the equality aspects of this policy and the economy-
wide additional growth. It seems to us that the externality embedded in
parents’ decisions combined with the heterogeneity of parents’ preferences
regarding the quality (human capital) of their children, provide the main
argument for compulsory elementary education.

Recently we have witnessed a renewed interest in income distribution,
growth and the investment in human capital. Lucas (1988) and Azariadis and
Drazen (1990) analyzed the role of the investment in human capital and
externalities on the long-run growth rate of the economy. We have adopted a
similar function for the accumulation of human capital but we emphasize the
role of the parents.” Saint-Paul and Verdier (1991) analyze the relationship
between public education, growth and income distribution in a model which
is related to ours, but has differant features and motivation. Persson and
Tabellini (1991) provide some evidence that gpowth rates are positively
associated with more equality in income in a éross-section of nations. This
evidence is consistent with their model of income distribution and growth as
well as with most other recent papers on this subject.

The paper is organized as follows. In the nekt sections we discuss a
benchmark model with a representative agent in order to demonstrate the
inefficiency of the equilibrium allocation. In section 3 we present the model
with heterogeneous population. The positive implications of compulsory
education are discussed in section 4 and welfare implications in section 3.
Section 6 concludes the paper and the appendix contains the proofs.

2. A benchmark model
Individuals live for two periods in an OLG economy as in Diamond

6Loury (1981} and Saint-Paul and Verdier (1991) have similar results using different models
with altruistic parents.

TPerotti {1991) and Fernandez and Rogerson (1991) analyze the role of tax subsidies to
education through a majority voting model in the determination of income distribution and
growth.
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(1965). We assume that each individual works during her first period
(‘young’) and only consumes in her second period, i.e. when ‘old’. During the
first period she gives birth to 14 n offsprings and thus has to allocate some
of her time during this period {where endowment of time is a constant) to
educating them. This has a direct effect upon her children’s human capital, or
‘knowledge’, which is assumed to be a source of utility to the parent. The
lifetime utility function of ie G, (the ith generation ie. all individuals born at
date t) is uz RY -»RY, ufcl, e |,z ,(1+n)h, ), where ¢ and cf}, are the
consumption when young (date t) and when old (date t+ 1), z! represents the
leisure, h;,, represents the human capital of i’s offspring. Parents can affect
the human capital of their offspring only by the time devoted in educating
this child, hence we disregard random factors. Each -utility function u is
strictly concave, increasing, continuously differentiable and (0u/dc;)(x)=co if
x;=0, j=1,2. The evolution of human capital process over time depends
upon the parent’s level of human capital and the effort (measured in time)
invested by them in raising their offspring. We assume that for some
3 < B <1, the evolution of human capital is according to

hiv1=Ale) [, (n

where e; is the parents’ investment (in time) in education,® where the
function A(-) satisfies 0<A(0)<1, A(1)>1, A >0, A" £0. We assume that
the rate of population growth is n, n=0, and that the sef of individuals in
generation 0 is given by [0, 1].

The aggregate level of human capital at each date : has a direct effect
upon the production possibilities at- tl;lat period. In particular we take

= F(K,, L,) - T (2)

to be the aggregate production function, where L,=1lLh, is the effective
aggregate labor and K, the aggregate capital stock. F(-,-) is assumed to
exhibit constant returns to scale, it is strictly increasing, concave, conti-
nuously differentiable and satisfies F,(0,L)=co, F,(K,0)=00
F(O,L)=F(K,0)=0, and- —LF,, /F; <1°

Our model basically provides some type of Harrod neutral technological
progress due to accumulation in knowledge or human capital. We assume
that for each individual /,=1, that is, labor supply is inelastic.'® Production
at date ¢ takes place by competitive firms who borrow capital at date ¢ —1

3This specification is similar to that of Loury (1981) and Azariadis and Drazen (1990)

?A sufficient condition which guarantees this property about the elasticity of F, is that the
production function’s elasticity of substitution is greater than or equal to 1.

*®This assumption simplifies the model. A further simplification would be to ignore the
accumulation of physical capital to emphasize the role of human capital. On the other hand, it is
possible to extend the model by introducing increasing returns to scale due to external effects of
human and physical capital [see, for example, Romer (1986) and Lucas (1988)].
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and hire labor services at date 1. The factor prices are given by the marginal
product. Since the human capital of a worker is observable, the wage
payments will depend upon the effective labor supply of the worker, ie.
W,=whi, where w,=F,(K,,L,) is the wage rate. K,,, os the aggregate
savings at date t and the competitive interest rate is R,, ;= F,(K,,, L, +,).

Let us consider first an economy with homogeneous population. The
optimal choice of the ‘young’ in G, is derived from maximizing

Iil.’::.)( u(el, ey, 2, (1 +n)h, () . (3)
subject to

¢} =wh,—s,, (4)

cte1=5R1 1, | (5)

z,=1—(1+ne,, (6)

h,, = Ale)h". (7)

After substituting the constraints the first-order conditions with respect to s,
and e, are

=y (Xe) + Ry y115(x,) =0, (8)

—~u3(%) + q(x) A'(e, ) Hf S0,
kS

=0 if ¢>0, .7 (9)

where X = [cnct+ls n(1+n)ht+1]

It 1s clear that the opt1ma1 amount of time 1nvested in educating the
children disregards the gain by the child from this investment. This is a result
of our assumption that neither the child’s income not his utility enter the
parent’s objective function. Hence, the wage increase in the next period due
to an additional investment in human capital does not affect the parents’
allocation of time. Note that it is possible that at the optimum e,=0 for all ¢,
hence if f<1, h, decreases over time. However, if u, at h,,,=0 is large, then
human capital (and output) will be bounded away from 0.

In order to analyze the efficiency of the competitive allocations attained in
the above economy we shall consider the case of a planner (or a dynastic
model) where the problem at t=0 is to maximize the present value of a
discounted stream of future utilities. Consider some positive monotone
decreasing sequence (4,), Y 244, <co. Given ko and h, the objective of the
planner is to maximize
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(e, he v ke s 1} 1=0
s.t.
CU
el +——+(+nk,, =F(k,h), (1
1+n

z,=1—(1+n)e, =0, (12)
h:+1 ———A(e,)hf, (13)
fort=0,1,2,..

By inserting constraints (11)—(13) into (10), substituting e, in x, by
A~ Yh,, /) and differentiating with respect to k,, ,, ¢ and h,,, we obtain
the first-order conditions for the planner’s problem:

Aes g (X4 1) F (k4 g, (1 +n)h:+1)_—/1:(1 +nmuy(x,)=0, (14)
Aga(Xe) = Ag v 1ty (X4 1)/ 1 4, =0, C (15)

305 = h A'(erug(x) + (1 + mua(x WA (€ F ok s 1o (T m)hy )

+Bu+mﬁu(J”i*fﬁ/ﬁji%&%wq*m+z (1

From (14) and (15) we derive that o

R a5) =Pl (14 he). ) (17)

Now we are ready to show that the competitive allocation can be dominated
by such a plan; hence, it is not optimal since parents under-invest in the
human capital of their children. The reason for that is that they under-value
the benefits of this investment by ignoring its impact upon the wage and
leisure of their offspring.

Comparing eqgs. (8) and (9) with (16) and (17) one easily sees that (17)
coincides with (8) if R, ., =F,{k,,,,(1 +n)h,.,) . However, eq. (16) includes
two additional terms: the first includes E, at date ¢+ 1, reflecting the impact
of the parents’ decision on the children’s earnings; while the second terms (u;
at date 7+ 1) reflects the impact of the parents’ investment on the children’s
tradeoff between leisure and investment in human capital (of their children).
Let us denote the competitive allocation by an asterisk, and let the planner’s
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optimum be denoted by a bar. The following proposition establishes the
under-investment in human capital in the competitive economy.

Proposition 1. Given ky, and hy the competitive equilibrium allocation is not
Pareto optimal. Moreover, assuming that u is homothetic and that u,; =0 imply
that there exists some Pareto-optimal allocation (from ko and hy) with (h,) such
that h* <h, for all t=1.

Proof. For the competitive economy we derived condition (17) as in the
.optimal allocation case, while condition (9) can be written as {(assuming e is
positive for all 1)

uy(xF) ua(xF) = Al . (18)

Homotheticity of u implies that u,(x,)/u,(x,) does not depend explicitly on
(C{, c?+1)'

Comparing (18) and (17) with conditions (16) and (17) we conclude that
the two paths cannot coincide for any choice of (4,). Now, assuming that
us3 =0 we can show that uy(x,)/u,(x,) is increasing in e,. Given k; and h; we
find from (16) and (18) [since the right-hand side in (16) is larger than the
right-hand side in (18) at t=0] that e¥ <é&,. Therefore, h¥ <h, and hence, by
(16) and (18) for t=1, we obtain that e* <¢&,. This process can be continued
fort=2,3,.... O

Given the separability, or complementarity, between leisure and the human
capital of children, the economy without any government intervention is
characterized by under-investment in human capital. To construct a policy
that internalizes the externality in invegtments in human capital in this
competitive economy, one has to construct a rule where the parents’ decision
is affected by the wage earnings and leisure of the children. Note that the
inclusion of the children’s income in the parents’ utility [e.g. Becker and
Tomes (1979)] does not guarantee an optimal allocation. '

It seems to us completely unreasonable to assume that there might be an
institution that would transfer income between children and parents in the
way required by such an optimal policy. If we assume that parents have a
bequest motive, such as in Barro (1974), then each parent solves an infinite
horizon social planning problem, but we encounter in this case the same
problems raised by Bernheim and Bagwell (1988).

However, suppose that parents are heterogeneous with respect to their
preferences on .the quality of their children. Furthermore, suppose that the
attitude of an individual towards investment in his child’s human capital is a
random variable which is known to the agent when he is young but was not
known to his parents. In that case the tax-transfer of the optimal policy
should be individual-specific and since preferences are not observable, there

L;';—-A_,‘_-aﬁ_...ﬁ-..w T R e e R S e e
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is no way to implement such a policy., Moreover, it is unclear how
reasonable it is to assume that each parent solves the dynamic optimization
[see Bernheim and Bagwell (1988)] particularly when the preferences of the
coming generations are unknown.

3. Heterogeneous population

Following the above discussion we introduce heterogeneity into our
economy by assuming that each agent’s taste for human capital of her child
is a random draw from an independent process. That is, in each generation ¢
individuals are alike except in the intensity of their utility from the human
capital (of their offspring) 4, , ;.

We assume that each generation G, has a continuum of individuals, say
the interval [0, 1]; thus we assume now that there is no population growth in
this economy. The utility function of each individual is determined at the
outset of his lifetime by some random process. These random variables will
be independent and identically distributed in each generation and across
generations, To state this more precisely, let us denote by 8e€[0,1] a
‘dynasty’, 1e. an infinite sequence of individuals related to each other as a
family (ie. ‘parent’ and ‘child’). Let j be a random variable with a given
distribution on [a,b], 0 <a<b < co. For each ie G, who belongs to the family
(or dynasty) named 6, 8e[0,1], there corresponds & random variable &?
distributed as j. Moreover, these random variables are i.i.d. with respect to ¢
and A.'' The realization of & will affect each individual’s taste regarding the
choice between leisure and the human capital of his offspring.

Denote by Q,={w'=(w,,...,w,)|w,e[a,b] for 0<k<t}, ie. the set of all
possible histories at date r. For each 6 in G,,;"her human capital level
depends upon the history of his family, 0, up to date ¢, ie. on w%=
(wh, @f,...,0")eQ,. Given the above stochastic process, j, there exist a
probability distribution function, u, (defined upon the-Borel sets in ,), which
describes the distribution of (w%),.s,. For each 8eG, the consumption at
date t, ¢, for example, is a function of 0¥, ie. ¢,=c(w"). Notice that «? is
revealed at the outset of date ¢, and hence each individual knows her utility
function when she makes her decisions about consumption, leisure, and
investment in his child’s human capital. The utility of 8&G, is given by (note
that z,=1—¢,)

8 0 §
Ui =(cl) ey 1)"(2) (B 4 )29,
where o, depends on the realization of &f. Moreover, as we have assumed,
‘.

h(07) = Al @) [A0™ ™), 1=0,1,..., (19)

"'One should be careful in making such an assumption since there is a continuum of families
in each generation; see Judd (1985).
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where 3 <f<1 and e,(w®) is the (time) investment in educating the offspring.
We assume that a,(-) is a continuous and increasing function on [a, b]. Since
labor supply is inelastic, the aggregate effective labor at each date t is given
by :

L= J-hrn(wm)d#:(wm)- (20)

The human capital of a worker is observable, hence the wage payment will
depend upon the effective labor supply, i.e. Wi=wh, where w,=F,(K,L,) is
the wage rate. To simplify our notation we will write ¢,(w) instead of ¢,(w®);
also the integral [c (@™} du(w®) will be denoted by [efw)du,.

We assume that the government provides compulsory schooling (CS)
financed by taxes on income in the following manner. In each period we take
the human capital of publicly provided education to be the average human
capital of the population at that period, denoted by H? thus H¥=
Jh{w)dy,.;.'* The level of this compulsory education (provided to all
young members of generation f) at period ¢ is denoted by ef. Now we take
the evolution of the human capital process to be given by!?

hiv (@) = A(ef + e, (w)) (A ()", (21a)

where h, is the ‘relevant’ human capital level which affects k,, ;. We choose h,
to be the weighted average of the human capital at the public schooling and
the parents’ human capital,

& +efw)
*
The compulsory education is financed by proportional taxes on wage income
and we denote by 1, the tax rate at date t. Each f¢ G, pays, given the wage
rate w, at date ¢, TT=twh(w"). Thus, given w, and R,,, the interest on
savings, the tax rate 7, ¢! and H* each individual maximizes her lifetime
utility function under these conditions. That is, she chooses saving, s,, and
additional time invested in educating her own offspring, e, such that she
solves the following problem:-

max [w i @)(1 —7) 5] [sR,+ | 1[1 — e ][ A(e? + ) Rl{e) D, (22)

S, B

2 oury {1981) assumes that public education provides the average investment in human
capital of a CE. One could consider alternative assumptions on the quality of public education.
Note that changes in quality affect taxes and/or the total level of compulsory schooling,

'*The specification of the production of human capital with CS depends on four factors of
production. Our choice of (21a) and (21b) seems a reasonable one. Of course, one can choose
another process where A, is some other function of HY and h(ew). Each particular specification
might have some implications on the results.
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Necessary and sufficient conditions for an optimum are

St(ws) __fX_z
W@ (1 — 1) —s(@®) oy’ (23)

A(ef + e [Af))
I— et(wo)

_“‘i"")A (R + BAGR) [h())P (24)

with equality in {24) whenever ¢{®®) >0. Denote the optimum by an asterisk;
hence,

el (@) =wh(w)(1—1)—s¥w), (25)
v (@) =sHw)R, 1, (26)
zH(w)=1—eH{w), (27)
ht, (@)= A(ef + e () [h(w) . (28)

We shall consider compulsory education plans which satisfy the following
two properties: (a) the human capital level of the educators is the average of
the population for that generation, and (b) the compulsory education is fully
financed by the taxes at each date. Namely, for éach perlod t _the expenditure
should equal the total amount of taxes collected: -7

W,EfH§=IT,W,hI(W) dnur* 1s A

which implies that e¥=1, for all t.'* As a result, the effective labor supply (i.e.
the labor supply used in the production process) with 7,>0 is given by

L=(1—1) [h¥w)dg, ;. 3

Given the initial capital stock, K,, the human capital distribution at
period 0, hg(w), and the tax rates, ,, to finance compulsory education, a
competitive  equilibrium (CE) is a {c3(w),(c)"(w), % (@), e* (N2,
{(w, R4 ()20, that satisfies the following conditions:

(@) ((w), ¢ (), e¥*(w)) is the optimum for (22) for all , for t=0,1,...,

(b)  L¥=(1-1)[h*w)du-, and K¥= [s¥ (@)dp,.,fort=1,2, .,

(©)  w,=FyK* L¥, fort=0,1,2,..., (29)
(d) R =F (K} LEy), fort=1,2,... (30)
(©)  werH =1,w, [h¥(w)dy,_,, fort=0,1,. (31)

'“Note that if 1, depends on w (e.g. progressive taxes), then the level of compulsory education
would not be equal to the tax rate.
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Thus the effective wages are the marginal product of the effective labor,
L¥, ie. the effective labor applied in the production process (not including
efforts used to raise the quality of labor through education, efHF). Interest
factors are the marginal product of capital, K¥. Condition (31) guarantees
that the cost of compuisory education is covered by the taxes collected at
equilibrium and it is easy to show that the competitive equilibrium satisfies
the material balance conditions:'?

fel'(w)dp,+ [ (@) dpy+ K = F(K*,L¥), t=0,1,.... (32)

Without loss of generality we shall assume that t,=t for all ¢ and that the
equilibrium {K*/L¥}™ , is bounded.

4. Growth and distribution

We first examine the effects of compulsory schooling on the rate of growth
in equilibrium. Specifically, we compare the CE when 7=0 with the CE when
>0 (not too large), i.e. the case where a certain positive level of compulsory
education is imposed.

Proposition 2. Suppose that ed'(e)/A(e) is non-increasing. Gwen K, and
ho(w) let (CO (CU), (Cr ’ r+lser )! 0 (Wz’ t+1)l 0> and <CO ,(C t+1’et)t 0>
(W, R,, )2 4> be the competitive equilibria with e¥=0 and ¢*>0 correspond-
ingly. If € is not too large, there exists N(t)<co such that for all t= N(1),
K;>K¥ and L;>L}. Moreover, N(1)—1 as 1—0.

We relegate all the proofs to the appendix.

This proposition implies that a smAll level of compuisory education results
in higher levels of output, capital and aggregaté husttan capital beginning at
some f{inite date. This is true from period 1 on only for a very low level of
compulsory education; in fact, there exists a tradeoff between the level of
compuisory schooling and the time interval until growth becomes higher.
The main reason for the absence of an immediate increase (i.e. at t=1) in
output due to CS is that this policy induces higher investment in education.
The reduction in savings due to the new tax lower the capital stock. If taxes
are large there is no increase in output, capital and labor. Therefore,
assuming that a steady state exists, there is a positive level of 7 (or €*) that
maximizes the steady-state level of output. The next question is whether
higher growth due to compulsory education implies more equality in income
distribution.

To study the distributional effect of compulsory education we need a

1545 we have seen in the homogeneous population case, we cannot expect the CE to be
eflicient.
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formal measure of income inequality. The measure we use here has been
introduced by Atkinson (1970) and characterized later by Rothschild and
Stiglitz (1973). Given two income distributions, X(w) and Y(w), with the
same mean, denote by s{a, X) the share of total income recetved by the
poorest « percentage of the population. As « varies in [0, 1] s(e, X) traces the
Lorenz curve associated with X. We say that X is more equal (income
distribution) than Y if s(a, X)2s(a, Y), for all a€[0,1] with strict inequality
for some a. As was shown by Atkinson and by Rothschild-Stiglitz this is
equivalent to a second-degree stochastic dominance (SDSD), ie. X >,Y.

Proposition 3. Let e (e, el er) 2, (WK, RX )2o> and
ed (e e ey, (W, Ry )™ 0D be the CE with eE=0 and e¢=1>0 and let
(v (@)iZo and (y(@));Zy be the corresponding income distributions. If t is not
too large, then for each generation t, t=0,1,..., the income distribution y(w)
is more equal than the income distribution y*(w).

An mplication of Proposition 3 is that the introduction of a compulsory

education results in a more equal intragenerational distribution of the human
capital for all periods. We claim, without a proof, that the CE with
compulsory education, 7, converges to a steady state. Denote the human
capital distributton at this steady state by h%w). The initial human capital
distribution, k%), can be considered as the steady-state-distribution with
7=0. The next result shows that for 7 not ‘too large’ we can guarantee that
the level tail of the distribution of h%w) is shifted to the right when we
introduce compulsory education w1th,leve1 T.
Corollary. Assume that the initial steady-state d:str{:butzon of human capital,
h%w), has a support [m,M] [where infh%w)=m]. There exists t*>0 such
that for any O <t <t* the support of hi(w) is [m+£*(1.‘) M(1)] where e*(1)>0
and M(7)> M.

Thus, compulsory schooling is a policy that improves the situation of the
very poor fraction of the population. Social public policy tries to guarantee a
minimum standard of living by using various intervention methods. The
above corollary shows that compulsory schooling is an effective policy to
achieve this goal. It is interesting to note that this policy, in addition, implies
a transition to a steady state with a better distribution of income and a
higher aggregate output for the economy.

S. Welfare implications

Since compulsory schooling, financed by tax on income, constitutes,
basically, some transfer from individuals with higher human capital to
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individuals with lower human capital, we cannot expect it to result in a
Pareto improvement, at least not at the early stages. Consider a CE with
taxes at rate t financing compulsory schooling. We say that CS is acceptable
be generation ¢ if the majority of people in G, prefer the equilibrium with CS
to the one without it. The compulsory schooling is acceptable in the long run
if there exists some T < co such that CS is acceptable by all generations ¢ for
t>T Thus, in the long run CS will prevail once it is established where in
each period it is approved according to majority voting. The voters are only
_ the young since the old generation is indifferent. '

Proposition 4. Consider a competitive equilibrium with compulsory education
eb. If €% is not too large, than this CE is acceptable in the long run. That is, for
some finite T the majority of people in each generation, G, t2 T, will prefer the
compulsory schooling regime.

One should be careful in interpreting the proposition. Basically, it provides
some comparison of the steady states (if they exist) with and without
compulsory schooling. This result is not about the political support for
public education because generations born after T are not asked to vote on
something already implemented. The issue is whether people at date t=T
will vote for maintaining the compulsory schooling regime from ¢ onwards.
This condition need not be satisfied. Also it is not necessarily true that
generation 0 will vote for compulsory schooling. Whether G, will vote for
compuisory schooling (i.e. T=0) depends on the shape of the initial
distribution of human capital, ho(w). For example, if the mean of holw) 1s
much larger than the median, it is very likely that the majority of individuals
in G, are better off under the CS regime and hence vote for it at t=0.

Compulsory schooling has two affects: the redistri utional role and the
welfare-enhancing role. Since we do not make any specific assumption
regarding the skewness of the human capital distribution, the redistributive
affect alone may not be supported by the majority of voters. However, since
this measure corrects the externality at least partiaily, then from this aspect it
is desirable by the majority. When the population is more homogeneous, the
latter affect dominates and hence the majority will support this education
scheme. Let us emphasize, however, that our statement in Proposition 4 is
normative and is not a statement about the outcome of the political process.

6. Conclusions

The analysis presented here suggests that compulsory schooling, which is
financed by proportional taxes on income, is a public policy that enhances
growth, makes the distribution of earnings more equal while the majority of
the population is better off in the long run under this regime. As a result, the
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wide implementation of this policy around the world can be explained by its
role in achieving a preferred allocation of resources and more equal
distribution of human capital.

We show in our framework that a higher growth path for the economy is
accompanied by a more equal distribution of income.'® This result is
obtained by comparing two different paths of growth and it is compatible to
evidence of a cross-section between countries. The question whether along
the growth path income becomes more equal cannot be answered when
income distribution 1s endogenous. The reason is that whenever the income
distribution approaches some steady state with positive frequency on several
income levels, the change in the distribution may depend on the initial
conditions which are given exogenously. On the other hand, a model where
the income distribution approaches full equality cannot be considered as a
model that endogenously determines the income distribution. Hence, the
question of varations in income inequality along a growth path should be
studied by using a comparative analysis of equilibrium growth paths and the
associated income distributions as done in this paper.

Finally, we have shown that the compulsory education regime is ‘sup-
ported’ by the majority of people in G, only for t=7T, where T=T (e,
T(e¥)—1 as e*—0. The conditions which would provide a positive theory for
the implementation of CS are still an open question in our model.

- ﬁ’ I

-

Appendix

Proof of Proposition 2. Let us consider first the case where e¢=0 for all ,
ie. t=0. From (24), since h,=h, and #,=0 in this case we obtain that
. o i d{“

oy Afef) S . o
—2 >1—e* th lity if e* 0. 33
@) Aler) = eff(w) with equality if e¥(w) > (33)

cd

Consider an individual who chooses e*{(w}=0 when 1=0. For this
individual the change to >0 has no effect on e, that is, the optimum
remains e, (w)=0. Rewriting (24) for all w, where ¢®+¢,(w) >0, we obtain

A(e® +efw)) =cx4(a)) 1 —efw) (34)
Al(eg + e,(cu)) a3 1 _B(I —e ) eg(hr(w) - Hrg) .
Y eSHE®4e,h,

In what follows we shall denote by a prime the CE when t=e® is positive
and by an esterisk the CE when t=0. Since A(')/A'(*) is an increasing

**Persson and Tabellini (1991) provide another model that has similar results. They also
provide cross-country evidence that supports the implication that equality is positively
associated with growth.
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function and the RHS of (34) is an increasing function in (1—e)), it is easy to
verify (by way of negation) that if  is not too large:

et + &)(w) > et w), forall w. (35)

Given K, and hy(w), let us assume that when e£>0 (but not too large).
Since wp=F,(Kg,(1 —7)Lo)>w, hence K} >(1—-7)K¥ since by (33) sy(w)>
(1 —1)s¥(w) for all w. For some y, >0 we can write

Ly =(1—7) | A(ep(w) +eho(w) Z (1 —1)(1 +p) [ A(e} (@) ho()

=L¥(1—p )1 —7).
Thus L} 2(1—7)(1+ x,)LF. Thus for some 1% >0
FK', L)z (=71 +A*)F(KT, LY).
Claim. For some §>0 (which depends upon ), for all t=1,
§Aley(w) +7) dp 2 (1 +8) | Ale(w)) dps,. (36)

Proof of the claim. By (33) and (34) we derive that for all w, where e}(w)>0
and e;(w) >0, we have

Alef) _og
—— = (l—ef)/ef,
FAleR) st

o
Ale;+e®) oy 1—ej+A{l—e)e -
(e, +eB)A'(e)+e%) s e, +e* C

Thus, using our assumptions about A(-) we conclude that

, for all w.

(ﬂ@+ ;{) 1 —ef) 2y(0) [1=e}()]

oy ‘e +et T g eX(w)

Hence, noting that e =r,

a4(oo)_i_j:t 1’+r wi,éa“(w) 1 .
Oy e,'l"‘[ U3 e:k(w)

But 1+1> ¢ +7 implies that whenever (w) >0 and ej(w) >0,
ef(@)+12ef{w)(1+71), (37)

which by integration proves the claim.
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It can also be shown that fbr some £;>0, j=1,2,3,..., we have
) dp zj]jl (14&) [ r(@) dy, . (39)
Moreover, {£;} does not converge to O for a given t>0. Thus for n large,
(1--1)(1+8) H1 (1+&)>1. (39)
j=

To complete the proof of the proposition let us note the following facts. (a)
By (33) we see that eff(w) is determined (whenever it is positive) regardless of
h¥(w), as long as T=0. (b) By (34) it is easy to verify, using the monotonicity
of A(x)/A'(x), that when 1,>0 (given H#) the optimal e)(w) increases as h(w)
increases; thus Cov(e,, h;)>0. Therefore we can derive the following
inequalities:

Li=(1—1) ] Alel(w) + e [hw)]’ dp,

z(1—1) | Alei(w) +e*) [ [hi(w)) dp,. (40)

N
To get the last inequality we use the fact that (h)? Z5(h¥), to be proved
during the proof of Proposition 3.

By (37) and (38) it can be verified that the RHS of (40) becomes larger
than L¥ for t large enough. Fgom (23) we derive~ that Kj, =
[oy oy +a3)Iw;Ly, t=0,1,2,.... By our assumptien apout the elasticity of F
we have wiL;>w,L¥, since L;>L* This proves our assertion about the
capital stocks. [J

Proof of Proposition 3. Since there are no intergeﬁérational transfers of
capital,

yHo)=wrh*w), t=0,1,2,..., (41)
Yilw)=(l-twhi(w), t=0,1,2,.... (42)

Let us prove the theorem by induction on t. At t=1 we have h¥(w) = hy{w)
for all w. Also by the concavity and strict monotonicity of A(-), using (35) we
find that A(ey(w)+1)[ho(w)]? is more equal than A(ef(w))[ho(w)]? [because it
dominates it in the second degree stochastic dominance; see Rothschild and
Stiglitz (1973)]. Therefore yj(w) is more equal than y¥(w). This clearly
implies that h\{w) is more equally distributed than hf(w). To continue this
induction let us prove:
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Lemma 1. Let X(w), Y(w), X(w) and Y(w) be positive random variables with
cdfs F, G, F and G correspondingly, each having a support [a,b],
O<a<b<co. Define Z(w)=X(w)Y{w) and Z(w)=X(w)Y(w). If Xz, X,
=||Y||=1 and Y>,Y, then Z>,2Z.

Proof of Lemma 1. Since the support of all the given four random variables
is [a, b] let us compute the c.d.f. of Z as follows:

H(&)=Prob{Z(w)< ¢} =Prob{Y(w)=0 and X(w)=/6, for
some a<6<b}.

Hence we can write (assume b/a = b)

bja b é
H({)= j G'( x)F( )dxz_[G’(.x)F(;) dx

We shall use the Rothschild-Stiglitz (1970) criteria for SDSD to prove our
assertion. Let A(&) be the c.df of Z(w) and assume that the support of H
and H is [a',b' ]

t t b
A= [ [H(O~ A& dé =] I[G’(x)F @— C'(F @] dxde

Since F> ,F we have F(f) < F(0) for all § and thus we can write

A0 [ [G'(0) ()] [ﬁ‘*() } P (43)

However, F(&/x) is positive and decreasing in x on (g, b]. Hence the function
m(x) =, F(£/x) d¢ has the same properties as a functlon of x for all a<t<b.
Using integration by parts, noting that G(a) - G(a) =0 and G(b)—G(b)=0, we
obtain from (43) that

A £ ~ } [G(x)— G(x)]m'{x) dx.

However, since G>,G we have G(x)—G(x)£0 and since m'(x) £0 we have
shown that 4(t) <0 for all te(a, b). This implies that Z > ,Z [see Theorem 2.3
in Brumelle and Vickson (1975)], which completes the proof of Lemma 1.

To complete the proof of the theorem assume that for a given ¢ the income
distribution y)() is more equal then y¥*(w). We shall use here Theorem 1 of
Rothschild and Stiglitz (1973, p. 191). Thus to prove the induction step
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notice first that by (41) and (42) our assumption implies that i, >,h*. Since
h, is attained from h; by averaging it with its own average, H (this is similar
to a mean-preserving squeeze); hence, k,>,h*. Since 0<f <1 we also obtain
that ()8 = ,(h})".

Using (35), (e(w)+1)> [ef(w) and A4 is concave. Hence A(e{w)+1)/A’
dominates SDSD A(ef(w))/4, where 1'=EA(ej(w)+1) and A=EA(e*(w)). In
particular this implies first degree stochastic dominance. Using Lemma 1 we
find that h,,(0)=A(e(w)+7)[A(w)]* is more equal than h* (w)=
AleH(w)[h¥(w)]®. This clearly implies that y,,,(w) is more equal than
¥ 1(w), thus proving the induction step. [

Proof of the corollary. Without loss of generality assume that in the
no-intervention steady state, i.e. =0, case, infe*(w)=0. Thus, m solves the
equation h=A(0)x%, namely m=(A4(0)"!~* Now consider the steady-state
distribution h'(w) when compulsory schooling at level 0<t<1* is intro-
duced. Since e(w)+1>ef(w) for all w and ¢ this inequality should hold in
the steady state as well [proved as in the proof of Proposition 2, Eq. (40)].
Thus essinf[e;(w)+1]=¢€+1t>0. The infimum of h'(w), to be denoted by h,,
must be the solution of the equation

- —t ﬂ .‘
hm _.—:.A(é_-l-»r) [M] , b . )
: e+t S F T

where H® is the average of h'(w) (hénce h,<H?). By our earlier results
H*> [h%w), and since A(&)> A(0) lgt us prove now that-this infimum of
h"(w), to be denoted by h,, is strictly larger than-m. Let us write

18 5
hm _“e hm'—:_r grg_‘c hm'
A(e) €+t e+t e+t
Define y by the equation
y=A@U).

However, by the above inequality h,, satisfies h,, > A(&)h%. Thus h,,=7. But
A(e)> A(0) and hence y>m, which proves our claim.

Proof of Proposition 4. We shall apply Propositions 2 and 3 to show that
the majority of each G, are better off with the CS equilibrium compared with
the no-intervention case. It was proved i in Proposition 2 that, given the CS at
level 7=e* (not to large), there exists some N ( ) <co such that for any date ¢,
t>N(7), the effective labor supply is higher, ie. L/¢> L*; the total output in
the CS equilibrium is higher, F(K), Li¢)>F(K* L*) for all t>N(z). Let us
show first that the total income of each G,, t> N(t), is higher in the CS case.
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By our assumptions about the production function as L increases to L°
(and K} increases to K;), the aggregate income is wLf=L F, (K, Lf)2
L¥F,(K¥, L¥). Particularly, | y{w)> [y*w) for t>N(z). Since the income
distribution, y/(w), is more equal than y*(w) for all t=1 for each o, 0<a<l,
the percentage of the total income received by the lower-income 100a percent
of G, is higher in the CS equilibrium. However, for t>N(7) the aggregate
income of G, is higher with the CS and hence the income of each individual
in the lower-income 50 percent is higher under y(w) than under the
distribution y*{w). As we have seen during the earlier proofs, the distribution
of i, (w) is more equal than the distribution of h¥, (®), and hence it is easy
to verify that the lower-income 50 percent of the population in G, are better
off in the CS equilibrium for all ¢> N(t). This means that the CS equilibrium
is acceptable for all generations from N(z) to co. [
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