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Abstract

The paper studies the effects of cross-country differences in the production
process of human capital on income distribution and growth. Our overlapping gen-
erations economy has the following features: (1) consumers are heterogenous with
respect to parental human capital and wealth; (2) intergenerational transfers take
place via parental education and, public investments in education financed by taxes
(possibly, with a level determined by majority voting); (3) due to investment in
human capital, which is a factor of production, we have endogenous growth. We
explore several types of cross-country variations in the production of human capi-
tal, some attributed to "home-education’ and others related to 'public-education’,
and their effect upon intragenerational income inequality and growth along the
equilibrium path. We also indicate how the level of public education affects human

capital formation and the conditions leading to poverty traps.
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1 Introduction

The well-documented literature on the growth performance of countries has tried to
substantiate a negative relationship between inequality and growth. Early tests of this
hypothesis by Alesina and Rodrick (1994), Persson and Tabellini (1994) and others report
evidence of an inverse relationship, while the more recent empirical findings, for instance,
by Barro (2000) and Forbes (2000), suggest that this relationship is, instead, positive .
From an empirical point of view this lack of concensus is not surprising as the variations
in inequality and growth are too different to obtain robust relations between the two [see
Quah (2002)]. While the causality between inequality and growth and the functional
form relating them are well-studied issues, two important observations from the data
suggest a number of open theoretical questions. First, the data show significant shifts of
the distribution of income in the more recent past for various countries [Quah (2002)].
Second, while the Gini coefficients within countries vary little around their mean over time
[see, Deininger and Squire (1998)], a high variation in inequality measures is observed
across countries. For example, data on US income reveal a Gini coefficient of 0.401
and 0.426 in 1989 and 1994 respectively. For Chile, the corresponding coefficients are
0.573 and 0.565 [see, Tabatabai (1996)]. Therefore, the questions of what determines
income inequality in equilibrium and why it differs across countries assume considerable
importance. This paper focuses on the process of human capital formation to examine

these issues.

We consider an overlapping generations economy which produces a single good
using two types of production factors: physical capital and human capital. Due to
investments (private and public) in the human capital of the younger generation, the
economy exhibits endogenous growth. Each individual lives for three periods, where
during the 'youth’ period (in which no economic decision is made) education is acquired.
Intergenerational transfers in our economy take place via two channels: investments made
by parents in educating their own offspring at home and the provision of public education

financed by taxing wage incomes. Home education is provided by the close family and



carried out mainly through parental tutoring, social interaction, learning devices available
at home (such as computor and the internet), etc. In this case the human capital of
parents and the time they dedicate to tutoring are important factors. Public education
includes formal education in schools, public expenditure related to schooling, the ’outside’
social interactions and other activities like the media etc. A government has two tasks in
our economy : first, in organizing public education and determining its level and, second,
in financing it by taxing wage incomes. In most parts of this work we take the level of
public education as given; but we demonstrate that this assumption can be relaxed, for
example, by using majority voting in determining public investment in education. It is
important to note that in our framework the level of public education means the effective

educational inputs related to teaching and not the public education expenditures.

It is well established in many studies (by economists and sociologists as well)
that education and training of the younger generation play a significant role in shaping
the distribution of income and in enhancing growth. In the last decade we observe an
increasing awareness by (local and central) government of the importance of education
and, consequently, of enhancing investments to promote human capital skills. As the
information technology advances and computors are being integrated into the learning
technology, there is an increasing technological contribution to the process of learning.
However, these technological changes do not affect the formation of human capital sim-
ilarly in the various countries. We shall distinguish between cross-country technological
gaps which affect mostly the ’home-component’ of the education process vs. technological
differences which affect mainly the 'public-component’ of the human capital production.

Our economy generates an endogenously determined intragenerational income dis-
tribution where inequality emanates, mainly, from heterogeneity in parents’ human cap-
ital (due to their role in home education). Regardless of initial conditions, this occurs
even if the government is absent from the education process. The contribution of pub-
lic education is to dampen differences arising from families’ human capital and thereby
reduce the inequality in the distribution of human capital and income. Put differently,

if one compares two countries which are similar in all respects except for the level of



public education, the country which invests less in public schooling will face higher in-
come inequality along the whole equilibrium path. Moreover, we show that when the
level of public education is ”low” the economy may converge to a 'poverty trap’; namely,
the stock of human capital will decline over time. On the other hand, higher levels of
public education will guarantee that the aggregate human capital increases over time.
The above claim holds for any given (positive) provision of public schooling and it is only

reinforced if this level is determined under majority voting.

In this work we take no explicit stance regarding the causality between inequality
and growth. Basically, we point out that the way in which countries enhance human
capital matters: If changes, or improvements, occur mainly in the ’home-education’
component of human capital formation it results in higher growth while income inequality
rises. On the other hand, when the technological improvments occur mainly in the
‘public-education’ part, then higher growth is accompanied by less income inequality.

There is a widely held belief that the rise in income inequality observed in some
OECD countries is driven by the expansion of world trade and the integration of capital
markets. In our framework we find that a country which starts with a lower level of human
capital, not necessarily less equal, has a better chance to experience more inequality in
future dates. In contrast, trade in goods and physical capital mobility, which are based
on initial differences in endowments, do not alter the insight regarding income inequality

attained under autarky, although they entail intertemporal effects on output and welfare.

The remainder of the paper is organized as follows. The next section examines the
literature. Section 3 presents an OLG model with altruistic heterogenous agents facing a
certain process of human capital formation. Section 4 studies the cross-country variation
in education systems on intragenerational income inequality; namely, systems with and
without public education. Section 5 compares countries which differ in the parameters
of the production function of human capital. Section 6 considers the case where public
provision of education is determined by majority voting. Section 7 considers the causality
between inequality and growth. Section 8 studies the inequality-openness relationship

when countries differ in initial endowments. Section 9 discusses the robustness of the



results. To facilitate the reading we relegate all proofs to the Appendix.

2 Related Literature

Endogenous growth models have attracted considerable attention in the economic litera-
ture of the last two decades. As was demonstrated in various ways these models provide
an extremely efficient analytical tool in studying issues related to growth, convergence
and income inequality in equilibrium [see, e.g., Loury (1981), Tamura (1991), Glomm
and Ravikumar (1992), Fischer and Serra (1996), Fernandez and Rogerson (1998), van
Marrewijk (1999), Galor and Moav (2000), Viaene and Zilcha (2002)]. The main empha-
sis has been on the role played by human capital as an engine for growth [see, e.g., Razin
(1973), Lucas (1988), Azariadis and Drazen (1990)].

Human capital formation is a complex process since education, learning and ac-
quisition of knowledge occur in various ways. It depends not only on parents, schools,
the ’environment’, but also on the existing technologies. Most statistical offices of in-
ternational organizations compile extensive lists of indicators that describe and compare
various scholastic achievements across countries. From the theoretical point of view, eco-
nomic models have assumed some particular mechanisms describing the accumulation of
human capital. Due to tractability reasons, these processes concentrate on a very few pa-
rameters [see, e.g., Eckstein and Zilcha (1994), Orazem and Tesfatsion (1997), Hanushek
(2002)]. A different approach was used by Eicher (1996), who assumes endogenous ab-
sorption of new technologies into the production process.

In our framework the production function for human capital exhibits two impor-
tant properties. First, individuals from below-average human capital families have a
greater return to investment in public schooling than those from above-average families.
In addition, the effort, and therefore cost, of acquiring human capital for the younger
generation is smaller for societies endowed with relatively higher levels of human capital
[see, e.g., Tamura (1991), Fischer and Serra (1996)]. Second, the importance of parental
human capital in forming the human capital of a child has been established [see, e.g.,

Hanushek (1986)]. For example, Glaeser (1994) divides the education’s positive effects
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on economic growth into parts, and concludes that children in families with educated
parents obtain a better education than children without support. Also, Burnhill et al.
(1990) find that parental education influences entry to higher education in Scotland over
and above the influence of parental social class. More recently, Lee and Barro (2001)
find that family characteristics, such as income and education of parents, enhance stu-
dent’s performance. A reason which is put forward is that parental education elicits more
parental involvement (including related private investment) at home.

Income distribution is a key economic issue and its importance is forcing economists
and policymakers to improve their understanding of its underlying determinants. Evi-
dence of a rise in income inequality has been observed in a large number of OECD
countries. Some believe that social norms are crucial determinants of earnings inequality
le.g., Atkinson (1999), Corneo and Jeanne (2001)]. Others have thoroughly studied the
role of human capital accumulation on income distribution in various contexts [see, e.g.,
Loury (1981), Becker and Tomes (1986), Galor and Zeira (1993), Benabou (1996), Fer-
nandez and Rogerson (1998)] and have shown how various education systems come about.
For example, it was established by Glomm and Ravikumar (1992) that majority voting
results in a public educational system as long as the income distribution is negatively
skewed. Cardak (1999) strenghens this result by considering a voting mechanism where
the median preference for education expenditure, rather than median income household,
is the decisive voter. The equilibrium we shall consider in Section 6 is an application of

the Median-Voter theorem.

3 The Model

3.1 Human Capital Formation

Consider an overlapping generations economy with a continuum of consumers in each
generation, each lives for three periods. During the first period each child is engaged in
education/training, but takes no economic decision. Individuals are economically active

during the working period which is followed by the retirement period. We assume no



population growth, hence population is normalized to unity. At the beginning of the
'working period’, each parent gives birth to one offspring. Each household is characterized
by a family name w € [0, 1]. Denote by 2 = [0, 1] the set of families in each generation
and by p the Lebesgue measure on ().

Agents are endowed with two units of time in their second period. One unit
is inelastically supplied to labor, while the other is allocated between leisure and self-
educating the offspring. Though each family’s supply of labor is inelastic, each family’s
supply of human capital is responsive to relative factor rewards as will be seen later.
Consider generation t, denoted Gy , i.e., all individuals w born at the outset of date ¢t —1,
and let h;(w) be the level of human capital of w € G;. We assume that the production
function for human capital is composed of two components: informal education initiated
and provided by parents at home and public education provided by the government by
hiring ’teachers’, constructing schools etc. The ’home-education’ depends on the time
allocated by the parents to this purpose, denoted by e;(w) , and the 'quality of tutoring’
represented by the parent’s human capital level hy(w). The time allocated to public
schooling ( i.e., the level of public education) is denoted by e, . The human capital of
the teachers determine the 'quality’ of 'public education’ in the formation of the younger
generation’s human capital. We assume that for some constants 5, > 1, 3, > 1, v > 0
and 1 > 0, the evolution process of a family’s human capital is given as follows. For all

w € Gt+1,
hest (w) = Bred(w)hy (W) + Boegehy (1)

where the average human capital of ’teachers’, denoted Ay, is the same as the average
human capital of generation t. This can be justified if we assume that the individuals
engaged in education in each generation, called ’teachers’, are chosen randomly from
the population of that generation. The parameters v and 1 measure the externalities
derived from parents’ and society’s human capital respectively. The constants 3; and
(3, represent how efficiently parental and public education contributes to human capital:
[, is affected by the home environment while (3, is affected by facilities, the schooling

system, size of classes, neighborhood, social interactions, etc.



The production function for human capital given by (1) exhibits the property that
public education dampens the family attributes. As it is common to all, individuals from
below-average families have, therefore, a greater return to human capital derived from
public schooling than those born to above-average human capital families. In addition,
the effort of acquiring human capital is smaller in countries endowed with relatively
higher levels of human capital. An important difference between our process of human
capital acquisition and most cases discussed in the literature is the representation of
the private and the public inputs in the production of human capital via allocation of
time. Our approach suggests that the time spent learning , coupled with the human
capital of the instructors, and not the expenditures on education, should be the relevant
variables in such a process. This is in line with Hanushek (2002) who argues in favor of
considering the ’efficiency’ in the public education provision rather than ’expenditure’ on
public education. This distinction is important since in a dynamic framework the cost of
financing a particular level of human capital fluctuates with relative factor rewards.

Consider the lifetime income of individual w , denoted by y;(w). Since the human
capital of a worker is observable and constitutes the only source of income, it depends
on the effective labor supply. Let w; be the wage rate in period ¢ and 7; is the tax rate

on labor income, then

p(w) = wi(l = 7¢)he(w) (2)
Under the public education regime the taxes on incomes are used to finance education
costs of the young generation. Making use of (1) and (2), balanced government budget
means:

[ wewtdnt) = [ rovb@)inte)

Q

or equivalently,
€gt = Tt (3)

that is, the tax rate on labor is equal to the proportion of the economy’s effective labor

used for public education. !

! Under a decentralized system, namely under a fully private education regime, both 7,(w) and e (w)
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3.2 Equilibrium

Production in this economy is carried out by competitive firms that produce a single
commodity, using effective labor and physical capital. This commodity is both consumed
and used as production input. There is a full depreciation of physical capital. The per-
capita effective human capital in date ¢ , h; , is an input in the aggregate production

process. In particular we take the (per-capita) production function to be:
g = F(ki, (1 — eg)hy) (4)

where k; is the capital stock and (1 — egt)h_t = (1 — 7¢)hy is the effective human
capital used in the production process. F(,-) is assumed to exhibit constant returns to

scale, it is strictly increasing, concave, continuously differentiable and satisfies Fj(0, (1 —

71)hi) = 00, Fj,(k;,0) = oo, F(0,(1 — 7,)hy) = F(k;,0) = 0.

Given the public education provision, agent w at time ¢ maximizes lifetime utility,

which depends on consumption, leisure and income of the offspring. Thus:

max u(w) = c1p(w) ™ cor (W) ?Yry1 (W)™ [1 — s (w)]™ (5)

subject to
cu(w) = y(w) — si(w) = 0 (6)
co(w) = (1 + rep1)se(w) (7)

where hyy1(w) and yi1(w) are given by equations (1) and (2). The s are known pa-
rameters and «; > 0 for i = 1,2, 3,4; ¢j;(w) and co(w) denote, respectively, consumption
in first and second period of the individual’s economically active life; s;(w) represents
savings; leisure is given by (1 —e;(w)); (1+7;41) is the interest factor at date t. The off-
spring’s income ;1 (w) enters parents’ preferences directly and represents the motivation

for parents’ investment in tutoring and formal education expenditure.

are decision variables of each agent, hence the individual’s budget constraint on private education is:
Te(w)wihe(w) = wtegt(w)ﬁt , where the level of teachers’ instruction ey (w) is chosen freely while their

average human capital is the same as their corresponding generation.



Given some tax rates (7;), initial human capital distribution h¢(w) and ko, a com-
petitive equilibrium is {e;(w), s¢(w), ki; wy, 7} which satisfies: For all ¢ and all individuals
w e Gy | {e(w),si(w)} are the optimum to the above problem given {w,r;}. And, the

following market clearing conditions hold:

we = Fi(ke, (1= ege)h) (8)

(1+71) = Fi(ke, (1 — ege)he) (9)

i = / se(w)dp(w) (10)

Equations (8) and (9) are the clearing conditions on factor markets. Condition
(10) is a market clearing condition for physical capital, equating the aggregate capital
stock at date t + 1 to the aggregate savings at date .

After substituting the constraints, the first-order conditions that lead to the nec-

essary and sufficient conditions for an optimum are:

C1t aq
—_—= 11
cor (14 1) (1)

oy . 51(13(1 — Tt+1)wt+1hf(w) I
(1-ew) Yer1(w) ’ fefw) >0 (12)
> if  e(w)=0 (13)

From (6), (7) and (11) we obtain:

Oél—i—OéQ

) = (5 wte) (14)

(11—|—CK2

O e L (15)



Equation (12) allocates the unit of non-working time between leisure and the
time spent on education by the parents. The latter, e;(w), increases with the parents’
human capital h; and the wage, net of taxes, at the future date. Equations (12) and
(13) establish a negative relationship between the two types of education, that is, public
education substitutes for parental tutoring as 7,,; increases. Hence, for each individual
there exists a particular value of the tax rate such that e,(w) = 0. That is, when the
marginal utility of leisure is larger than the utility gain obtained from a marginal increase
in the human capital of the offspring due to parental tutoring. Consider the families
which choose optimal e;(w) = 0 and denote this set of families in generation ¢ by
Ay C Gy = [0,1]. Tt is clear that this set includes individuals with low levels of human

capital. In fact, inequality holds in condition (13) if,

N
2! t
1 —e(w) < M[ﬁlet(w) + Byeqe h}:’(w)]

Hence, for each individual in G; we obtain e,(w) = 0 and hence, w € A; if ,

044526915
04351

Parental and public education being substitutes, inequality (16) shows that the set A;

hy(w) < hy (16)

increases as the level of public provision of education e, increases.

4 Income Distribution

The objective of this section is to consider changes in the intragenerational income dis-
tribution, in equilibrium, due to variations in the process of human capital formation.
Such variations can be attributed to numerous factors but the ones considered here reflect
cross-country differences in education systems. Later sections will deal with technological

improvements in the human capital formation process and differences in endowments.
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We shall use the relations we derived in the previous section to obtain a useful
expression for income at date ¢t 4+ 1, y¢41(w). To that end we apply (12) and (13) and
make use of (1), (2) and (3) to obtain:

Yer1(w) = (1 = 7o) wig b (W) (17)

where,

a . _
sa() = (=5 [t o) + i (13)
whenever e;(w) >0, and
his1(w) = Borih; , whenever e(w) =0 (19)

Equations (17)-(19) determine the income at the future date in terms of the net
wage at date t + 1, the parents’ human capital, society’s level of human capital at date
t, the current education input (7, = eg) and the externalities in education. Note that in
this framework there is no direct dependence of incomes across generations.

Let X and Y be two random variables with values in a compact interval in
(—o0,00) and let m, and m, denote their respective means. Define X = X/m, and
Y = Y/m,. Denote by F, and F, the cumulative distribution functions of X and Y,

respectively. Let [a,b] be the smallest interval containing the supports of XandY.

Definition: Fy is more equal than F, if F, dominates in the second-degree stochastic

dominance Fy; namely, for all t € [a, ], fat[Fz(s) — F,(s)]ds <0.

This definition, due to Atkinson (1970), is equivalent to the requirement that the
Lorenz curve corresponding to X is everywhere above that of Y. We say that X is more

equal than Y if the c.d.f.s’ of X and Y satisfy: F, is more equal than F,.

12



4.1 Inequality without Public Education

Let us consider first our economy without government intervention in the process of

human capital formation. Thus, we take 7; = 0 for all t. In this case,

Yir1(w) = Weprher (W) (20)

From (16) we know that the set A; is empty, and from (12) we obtain that:

e(w) =e" = ﬁ for all w (21)

We see that in the absence of public education the only source of income inequality

is the initial distribution of human capital. This is clear from,

Y1 (w) = Bywiaehy (w) (22)
We conclude from these observations that:

Proposition 1 In the absence of public education income inequality (i) declines over
time under decreasing returns to parental human capital (i.e., if v < 1), (ii) increases
over time under increasing returns (i.e., if v > 1), and (iii) remains constant over time

under constant returns (i.e., if v =1).

Our economy generates, in equilibrium, an intragenerational income distribution
whose inequality is endogenously determined by the externality in the home-part of the
production of education. Inequality may decrease even in the absence of public schooling.
In this context, it is important to note that increasing returns in parents’ human capital
have been observed in China [see Knight and Shi (1996)]. When v > 1 inequality increases
over time and, due to the 'development trap’, hi(w) goes to zero for some families, since
their initial endowment of human capital is too low. More precisely, this occurs for

families w with,

13



Qs+ Qg Ll
— " |v=
Bras

Thus, the economy experiences a segmentation in the evolution of population’s human

ho(w) <

capital. In addition, when the economy operates without government we also find: (a)
A change that affects [, has no effect on income inequality; (b) Assuming v < 1,
an increase in v will increase inequality at all dates. Comparing two countries (or,
alternatively, considering a technical change in a given country) the above results show
that the two types of technical changes are asymmetric with respect to their effect on
income inequality. When the process becomes more efficient (i.e., 3, increases) it affects
similarly all families. For example, if computors are used in each household the effect on
income distribution is neutral; however, if parental skills play a more important role in
the education process inequality will rise. As we shall see later, in the presence of public

education, the former result is modified, while the later result is reinforced .

4.2 Inequality with Public Education

Now we introduce public education and assume that its level is determined by the govern-
ment. Currently, we do not choose explicitly the social decision mechanism underlying
its determination. The level at date t is ey, and it is financed by taxing labor income
at a fixed rate 7¢(= eg). In the sequel we shall assume that v < 1 and that n <1
and, to simplify our analysis, we also assume that v < 7. Does public education reduces

inequality in equilibrium?

Proposition 2 In the above economy let ho(w) be any initial human capital distribution.
Increasing the provision of public education results in a more equal intragenerational

income distribution in each date.

This result may not be surprising since public education in our framework damp-
ens family attributes: it is provided equally to all young individuals (of the same gener-

ation), while it is financed by a flat tax rate on wage income. However, its importance

14



lies in the fact that it is proved in equilibrium and that it holds in all future periods. In
addition, if one compares two countries which are similar in all respects except for the
level of public education, the country which invests less in public schooling will face a
higher inequality along the equilibrium path.

Let us consider now the variation over time of inequality. We show that if the tax

rate remains fixed intragenerational income inequality declines over time.

Proposition 3 If the same tax rate applies to all levels of income and remains fixed over
time, then income inequality declines; namely, income inequality at date t + 1 is smaller

than the inequality at date t.

This Proposition illustrates the basic property of public education in our frame-
work; namely, its role in smoothing family attributes. Thus, when human capital for-
mation is characterized by constant or decreasing returns to scale in the family’s human
capital, the existing socioeconomic disparities are diminished over time in the presence
of public education. This role of public education can be illustrated numerically also in

the presence of small increasing returns in family’s human capital.

4.3 Under-provision of Public Education and Poverty Trap

Let us demonstrate now the importance of the level of public education in this economy
its long-run human capital stock, and hence to output. In fact, we shall be interested in
showing that a higher provision of public education will result along the whole equilibrium
path in a positive growth rate of the stock of human capital. However, in the same
framework, decreasing the level of public education below a certain threshold may result
in a megative growth rate in human capital stock. Hence, our model allows for a poverty

trap although we do not assume scale economies [Benhabib and Farmer (1994)].

To simplify our analysis we shall assume, in this section, stationary provision of
public education, i.e., e, = ¢4 = 7 for all t. Let us impose some restrictions on the
parameters in our economy in order to demonstrate the following: The level of public

education is critical to the positive or negative accumulation of human capital. We shall

15



assume in this section only that the parameters in our economy satisfy the following

conditions:

asfB;

) e <1-¢ , forsome £>0.

(A2) The initial distribution ho(w) satisfies: hg > 1 .
(A3) n=1 and v=1.
(A4)

Q4 > 03 .

Proposition 4 Assume that (A1) - (A4) hold. Then:
(a) If e, satisfies:

ey < [1— 2301 150

a3+ oy

then, along the equilibrium path, the aggregate human capital decreases;

namely, hyy1 < hy for t=0,1,2,......
(b) If e, satisfies:

azfl; , azt oy
as+oy osfy

eg > [1—

then the aggregate human capital increases, namely, hi1 > hy  for all t.

(23)

(24)

This result underlines the important role played by the level of public education.

To emphasize this point, let us compare two countries which differ in the provision of

public education and their initial distributions of human capital, given that each economy

satisfies (A1)-(A4). If e, is chosen to be low in one country , assuming that condition

(23) holds, while in the other country it is higher, say condition (24) holds. Then, we

obtain a poverty trap in the former country while the latter will have positive rate of

growth. Examples of countries with declining human capital exist, as observed from the

human capital indicators of Table 2.10 at the World Bank site.
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5 Comparative Dynamics of Efficiency

Let us compare now two countries which differ in some parameters of the production
process of human capital. It is clear that the same analysis applies to technological
progress in the production of human capital within the same economy. We shall study
few ’types’ of technological variations assuming that the human capital is generated by
(1). One way to represent such an improvement is by increasing the ’efficiency’ of the
education environment, e.g., via the introduction of more sophisticated teaching facilities
(computors, for example), reducing class size, better organization of schools, etc. This
amounts to increasing the parameters (; and/or [3,. Another form of technological
improvement in this process is to enhance the effectiveness of the 'teachers’ or ’tutors’.
For example, better training for teachers, advising parents about tutoring their child,
etc. Such an improvement amounts to increasing the parameters v and 7, which bring
into expression the effectiveness of the human capital of the parents and/or the "teachers’
in the public education system. We assume that v < 1 and n < 1 in the sequel, even

though this assumption can be relaxed in most cases.

An improvement in one country (vs. the other) in the production of human
capital may result in a more efficient home-education or a higher efficiency in the public-
education, or both. We say that the provision of public education is more efficient if
either 3,/ is larger (without lowering neither 3, nor ,) or 7 is larger, or both. We
say that the private provision of education becomes more efficient if 3, /3, becomes larger
(while neither 3, nor 3, declines) or v becomes larger, or both. It is called neutral in the
case where both parameters (3, and 3, increase while the ratio 3,/ remains unchanged.
Let us consider now the effect of each type of technological gap in the education process

on intragenerational income inequality.

Proposition 5 Consider the above economy. Any improvement in the production process
of human capital, given by equation (1), results in:
(a) If public provision of education becomes more efficient the inequality in intra-

generational distribution of income declines in all periods.
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(b) If the private provision of education becomes more efficient then inequality
mcreases in all periods.
(c¢) If the technological improvement is neutral inequality remains unchanged at

period 1 but declines for all periods afterwards.

This result demonstrates the asymmetry in technological gap which exists primar-
ily in the public schooling system vs. the one which results mainly from changes in the
home environment of learning. The inequality in human capital distribution increases
when the private-component of education /learning becomes more efficient because family
attributes, i.e., the human capital of parents, are magnified. However, a more efficient
public education will reduce inequality in human capital distribution because all children
are exposed to teachers with the same average level of human capital: below-average
families have a greater return to public schooling than above-average families. When the
technological gap in education is neutral, then along the ’better’ equilibrium inequality
declines, except for the first date, since, after the first period, the effectiveness of the

public schooling outweights that of the home education.

6 Median-Voter Equilibrium

Our analysis thus far has been carried out under the assumption that the tax rates that
finance education, and hence the levels of provision of public education, are exogenously
given. This assumption regarding the exogeneity of 7; is questionable since governments
care about the resources invested in public education and their economic implications.
Also, due to the heterogeneity of families, the choice of an ’optimal’ level of public
schooling should represent a political equilibrium. The equilibrium we consider here is
an application of the median-voter theorem, widely used in economic theory [see, e.g.,
Persson and Tabellini (2000), Section 3.3]. Clearly, all our results remain unchanged in
this case. To demonstrate that let us show that the results in Proposition 5 are reinforced

once the tax rates are chosen according to the median-voter hypothesis.
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Let us substitute the first order conditions (11)-(13) in (5) to obtain an expression

for the lifetime utility of agent (family) w € Gy in terms of the tax rate 7 :

Ut(w) = Bt[l - Tt]a1+a2+a3 [51]1?(“}) + ﬂQTtE?]angM (25)

where B; groups parameters and variables given to these individuals at the outset of date
t. We also assume that individuals in Gy take 7,,; as given. Since U;(w) is concave in 7y
there is a unique maximum for each individual’s lifetime utility denoted by 74(w). It is

obtained directly from the first order (necessary and sufficient) condition:

(o + s+ as + a4)62n(w)ﬁl’ = (ag + 044)525? — (a1 + ) B,k (w)

It is clear that the heterogeneity in voter’s optimal policy 7;(w) results from the
heterogeneity in their human capital h;(w). In particular, the median voter’s choice will

be:

= |« o o aql H(« ay) — (a o M
Ti(m) = [on + a2 + a3 + o] [(az + ) — (a1 + a2) N ] (26)

Some monotonicity results can be verified from the expression in (26):

G'Tt(m) _ (9Tt(m) G'Tt(m) _ G'Tt(m)

0041 6042 <0 and 8043 6044 >0
Also,
8Tt,gm) <0 and —87}—;((:)) <0 (27)
o) o("Hm)

Observed cross-country differences in education expenditures can be explained
by these partial derivatives. For example,as h;(m) drops relative to h; , 7;(m) rises: A

below-average median voter favors a higher tax rate than an above-average median voter.
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Also, an increase in v and (3,/f, [or a decrease in 7] imply a lower tax rate for financing
education.

It is important to note that majority voting strengthens the results regarding in-
come inequality attained under the assumption that 7; is exogenously given. To illustrate
this point let us refer to Propositions 2 and 5, and consider an increase in ;. By Propo-
sition 5 income inequality rises as the technological change affects the parental education
process. In addition, following this increase in (3; majority voting implies a lower tax

rate 7.(m) which, according to Proposition 2, leads to a further increase in inequality.

7 Endogenous Growth

In our framework the economy has no other sources of income besides the one generated
by the aggregate production in which human and physical capital are used. Thus educa-
tional investments are essential to creating growth. Let us consider the growth-inequality
relationship issue in our framework and the causality linking them. To that end, we wish
to compare two countries which differ in some parameters of the human capital formation
process. As in the empirical findings it will turn out that in our model there is no explicit
stance on the causality between inequality and growth.

Define the growth factor of aggregate labor as:

_ Johin(w)dp(w)

vy = 28
A .
Substitution of (18) in (28) gives rise to an alternative expression for v, :
a3 Jo hi (w)dp(w) 7n—1
- (—=— + Borih 29
B (043 + Oé4> {ﬂl Jo he(w)dp(w) parih 29)

Remark: When we take the aggregate production function to be of the Cobb-
Douglas type and assume that » = 1 and v = 1 , then by direct computation it can
be shown that the labor growth factor «, coincides with the long run economic growth,

regardless of the initial conditions.
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Let us consider first the effect that a technological change in the production of
human capital will have on output in equilibrium. Consider (1) and note that we call the
first term on the RHS, 3,e;(w)hy (w), the home-component, and the second term, ﬂzeg,ﬁ?,
the public-component. An improvement in the production of human capital which makes
either the public provision more efficient or the private provision more efficient will result
in higher output at all dates. Any improvement, either in the public-component or the
home-component, will imply higher human capital stock as of period 1 and on. Since,
the initial capital stock is given this will increase the output in date 1 and, hence, the
aggregate savings in this period. Thus the output in date 2 will be higher and hence the
capital stock to be used as well. Does a technological progress, which results in higher

growth, also mean less inequality? Let us combine our results to obtain:

Proposition 6 Consider some technological differences in the production process of hu-
man capital (1).

(a) If the technological gap occurs in the home-component, hence either (3, is
higher or v is higher (or both), it results in higher growth coupled with higher income
wequality n all dates.

(b) When the technological gap occurs in the public-component, hence either (34 is

higher orn is higher (or both), it results in higher growth accompanied by less inequality.

The proof of this result follows directly from Proposition 5 and it is omitted. Con-
sider, for example, the computor-information revolution as a technological improvement
in enhancing knowledge, then we ask whether the the home-component benefits more
than the public-component in the process of forming human capital. We believe that
in most developed countries computors and internet have enhanced the home-education
considerably, while schools benefited only in a limited manner. Part (a) may provide
some explanation to the recent widespread phenomena (mostly during the last decade)
that in most OECD countries economic growth is accompanied by increasing inequality

in the distribution of income.
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8 Openness

Throughout this paper we have emphasized that our comparative statics analysis applies,
equivalently, to two different scenarios: (i) A two-country comparison when parameters
regarding the formation of human capital differ, and (ii) a change in the production of
human capital that occurs within a given country. In the first scenario one may wonder
to what extent our results obtained earlier are robust to free international trade and to
capital mobility between the two countries.

Consider, for example, two similar economies which differ only in the initial distri-
butions of human capital: one economy has higher levels of human capital but the mea-
sure of inequality in the initial human capital distribution is the same. Can we compare
the equilibrium intragenerational income inequality over time in these two economies?

The next proposition provides an answer.

Proposition 7 Consider two economies which differ only in their initial human capital
distributions, ho(w) and hi(w). Assume that hi(w) > ho(w) for all w , but the initial
distributions have the same level of inequality. Then, the equilibrium from h{(w) will

have less income inequality at all datest, t =1,2,3,.....

This result indicates that the initial distribution of human capital matters, hence
a country that starts with higher levels of human capital, not necessarily more equal, has
a better chance to maintain less inequality in its future income distributions.

Proposition 7 compares the equilibrium path of two countries in isolation. Let
us now introduce international trade and mobility of physical capital between these two
economies, keeping labor immobile internationally. These assumptions about trade and
factor mobility will guarantee factor price equalization. In this setting, we claim that
if initial conditions, such as stocks of human capital or stocks of physical capital, differ
then opening markets between these countries will not affect our results regarding income

inequality.
Proposition 8 Consider two countries which differ in their initial conditions. Trade
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wm goods and physical capital mobility will not alter the results attained earlier regarding

mcome inequality under autarky.

Clearly, openness has a significant impact on wages , rates of interest and total
output of the two countries. However, it is not difficult to see, from equations (17)-(19),
that in our framework, in the absence of human capital mobility, such variations in the
equilibrium factor prices will not affect our results regarding income inequality since labor
incomes vary in the same proportion.

The last proposition can be strengthened considerably if we consider the special
case where all individuals in all generations choose to invest in their child’s education,
i.e., that e,(w) > 0 for all w. Consider two countries which differ in the parameters
of the model (including initial conditions). Assume, for simplicity, that only private
education exists; namely, there is no role for government in the education process. Again,
trade in goods and physical capital mobility will not affect the results concerning income
inequality attained under autarky. The main point to notice in verifying this claim is
that, since all the sets A; are empty, the variations of the parameters will only change
the incomes, in each date, by some multiplicative term which is equal to all w € G;.
The variation in the human capital distribution [see (18) and (19)] will not affect the

inequality in the human capital distribution.

9 Discussion

We have studied the cross-country differences in income distribution in an overlapping-
generations economy with heterogenous households. Heterogeneity results from the non-
degenerate initial distribution of human capital across individuals. We derive a number
of results which provide explanations for observed cross-country differences in income
inequality based on variations in processes of human capital formation (which incorpo-
rate both parental, or private, education as well as public education). In particular, our
results suggest testable hypotheses regarding a cross-country comparison of inequality

and : (a) externalities of family’s (and society’s) human capital; (b) the effective level
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of public education; (c) the efficiency of public schooling and parental tutoring; (d) eco-
nomic growth; (e) initial conditions, represented here by the initial level and distribution
of human capital and physical capital; (f) the international environment, such as trade

and physical capital mobility.

Our framework makes some specific assumptions, therefore, it is subject to the
issue of robustness. First, the selection of our functional forms was strongly motivated
by stylized facts. For example, incorporating parental role in the human capital forma-
tion process is justified due to the repeatedly reported evidence that it has an empirical
relevance in a large number of countries. Second, in our framework, the role of tech-
nological change in the aggregate production function can be ignored since it has no
impact on the equilibrium distribution of income. For example, a Hicks-neutral technical
change will not vary the inequality in the distribution of human capital, as long as the
tax rate that finances public education does not change. Therefore, we consider only
cross-country differences in processes describing the human capital formation. Such tech-
nological gaps between countries have widened significantly in the last two decades due to
the computors-internet revolution, which led to a tremendous proliferation of knowledge.
However, the intensity by which such technologies have penetrated developed and devel-
oping countries varies tremendously. As we have shown, the effect of such technological
change on growth and inequality is ambiguous: it depends on the manner this change
affects our process.

Third, our framework assumes that a continuum of skills used in the production
of the single final good and does not consider a segmentation of the labor market between
skilled and unskilled workers. This heterogeneity of skills allows us to consider issues like
shifts of income distributions and the position of the median voter, but not for country-
specific sectoral shocks. Fourth, our theoretical analysis does not depend on the levels
of the public provision of education, {e,} as long as the provision levels are positive.
The choice of a certain ’optimal’ level of public education requires some social welfare
function due to the heterogeneity of the households. For example, we have applied

the majority voting criterion to determine this level using the median voter’s optimal
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choice. It turns out that majority voting strengthens the results attained under the
assumption of exogenously given level of public education. Fifth, it is important to note
that introducing direct intergenerational transfers (via physical capital) in our economy
will modify some of our results since, in this case, change in factor price ratios affect
individuals differently [see Karni and Zilcha (1994), Viaene and Zilcha (2002)]. However,
there is an ongoing debate as to the empirical importance of monetary transfers between
generations [see Laitner (1997)]. This framework can also be generalized to include an
additional redistributive measure by the government, such as social security. In such a
case, where intergenerational transfers take place via education and social security, some
of our results may vary as well. In contrast, expanding the tax base to include taxation

of interest on savings will not alter the results concerning income inequality.

10 Appendix

Proof of Proposition 1: In fact we need to consider here the inequality in the distri-
bution of human capital over time. Given the initial human capital distribution hg(w), if
v < 1 then the distribution h;(w) is attained (up to a constant) from hg(w) by applying
a strictly concave transformation; hence [using Theorem 3.A.5 in Shaked and Shanthiku-
mar (1994)], hy(w) is more equally distributed. This process can be continued for all
t =2,3,....Now, when v > 1, hy(w) is obtained (up to a constant) from hg(w) via a

strictly convex function, hence it is less equally distributed (by the above reference).

Proof of Proposition 2: As we see later it is sufficient to prove this result
under the assumption that e;(w) > 0 for all w € G; . When this is not the case, raising
eq¢ entails higher income for all low income individuals w € A; which only reinforces the
claim. Let us consider Eq.(1) for ¢ = 0. Since ho(w) is given, hj(w) and hq are fixed. By
raising ey the distribution of the human capital for generation 1, h;(w) becomes more
equal. This follows from Lemma 2 in Karni and Zilcha (1994). Moreover, we claim from
(18) that the average human capital in generation 1 increases as well. Increasing ey

will result in higher h;(w) for all w and higher level of h;. Moreover, it also implies
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that hj(w) will have a more equal distribution [see, Shaked and Shanthikumar (1994),
Theorem 3.A.5].

Now, let us consider ¢ = 1. Increasing e, will imply the following facts: hj(w)
becomes more equal and ﬁ2691ﬁ717 is larger than its value before we increased the levels
of public education. Using (18) and the same Lemma as before we obtain that ho(w)
becomes more equal. This process can be continued for ¢t = 3,4, ....., which establishes our
claim. Now let us consider the set of families with e;(w) = 0. To simplify our argument
assume that initially ezo = 0, then as ey increases hy(w) will be equal or larger than in

the private provision case for all w € G; , where w € Aj. Namely, we claim that:

5269053 > [Breg(w)hg(w) for all we Ay (30)

Using equation ( 21) to substitute ep(w) and using the upper bound for Al(w)
from equation (16), we see that this inequality always holds since, by assumption, v < 7.
This fact certainly reinforces the proof of our earlier case since at the lower tail of the
distribution of income we raised and equalized the income for all w € G , where w € Aq.

This process can be continued for all generations.

Proof of Proposition 3: Let us show first that in each generation individuals
with higher level of human capital choose at the optimum higher level of time to be
allocated for private education of their offspring. To see this let us derive from the first

order conditions, using some manipulation, the following equation:

1-[1+ ﬁ1a4]et(w) = %egtﬁ?[h{“(w)] for e;(w) >0 (31)
Qa3 (0%

which demonstrates that higher h;(w) implies higher level of e;(w). Let us show that such
a property generates less equality in the ditribution of ;1 (w) compared to that of y;(w).
It is useful however, to apply (18) for this issue. In fact it represents the period ¢ + 1
income y;1(w) as a function of the date t income y;(w) via the human capital evolution.
Define the function Q : R — R such that Q[hi(w)] = hi1(w) using (18) whenever
w ¢ A, and when w € A, this function is defined by: Q[h:(w)] = Baegih;. As we have

indicated earlier [see the proof of Proposition 2], this function is monotone nondecreasing
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and satisfies: Q(x) > 0 for any x > 0 and @ is decreasing in z. Therefore [see, Shaked
and Shanthikumar (1994)], the human capital distribution h,;;(w) is more equal than
the ditribution in date t, h;(w). This implies that y;,1(w) is more equal than y;(w).

Proof of Proposition 4: Consider the inequality (16), which basically defines
the set A; , using (18) , (19) and (A3) we derive:

R /AMWH%LwWM)%%zE+M&WﬁE (32)

a3z + Qg Qs

Therefore,

_ azf, a3,
h h h A h
1 < [ o)+ SR B

Thus to assure that EtH < h , we need to show that:

By + Baeg(1+ u(A) D)) < 1 (33)

Qg + Oy a3
Thus, if we replace u(A;) by 1 and take e, to satisfy condition (23), then the

above inequality holds.

To prove part (b) let us reconsider equation (32) above. It is clear that,

- « (% (6] €, — [0 —
ht+1 > o 3ﬂ1 /ht(w) - B—ﬂl/ ht(w) + 3ﬂ2 g ht + 4 /,L(At)ﬂ2€ght
At

Qg + Qq a3+ Qg Qg+ Qq

However, using inequality (16) we obtain that [, h:(w) < (A )aéf ;egh Hence,

h_t + s ﬁQegFt

Qg + Qg Qg + Qg

Thus, Et+1 > h; holds whenever 3Py og Boeqg > 1. Namely, it holds under

aztaoy aztaoy

condition (24).
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Proof of Proposition 5: Let the initial distribution of human capital ho(w) be
given. Compare the following two equilibria from the same initial conditions: One with
the human capital formation process given by (1) and another with the same process but
(5 is replaced by a larger coefficient (35 > (3,. Clearly, we keep 3, unchanged. Let us

rewrite eq. (17) as follows:

Yrr1(w) = Cifhy (w) + ,gf egth]]  for allw ¢ A,
Y1 (w) = [ egth ] for all w € A;
V(@) = Crlhi*(w) + By h7l]  forallw ¢ A,
Ui (@) = Ci[FEeqh] for all w € A,

where C; and Cf are some positive constants. Since hy(w) is fixed at date ¢t =0
we find [using once again the Lemma from Karni and Zilcha (1994)] that % > g—f imply
that yj(w) is more equal to y;(w). We also derive that h;(w) are lower than hj(w) for
all w and , hence, hy < h,. This inequality reinforces the result when j;(A4,) > 0. By

(18), using the same argument as in the last proof, h¥(w) is more equal than hY(w) and

B3
B

be continued for all dates ¢t = 3,4,5, ..... Also note that A; C AF (where A is the set

eqhy > g—jeglm, hence hj(w) is more equal than ho(w). This same argument can

gz egihy for all t. This only

contributes to the more equal distribution of y;,,(w) since the left hand tail has been

of families in Gy who choose e;(w) = 0 ) since g—fegtﬁzn >

increased and equalized compared to the 1 (w) case.

To completes the proof of part (a) of this Proposition consider the case where we
increase 1. When we increase the value of 7, keeping all other parameters constant, we
are basically increasing the second term in (18), [ho]”, while [ho(w)]” remains unchanged.
By Lemma 2 in Karni and Zilcha (1994) we obtain that the distribution of h,(w) becomes
more equal. Taking into account the families w € G; who belong to Aq (i.e., the lower
tail of the distribution of income) only reinforces the higher equality since their incomes
are uniformly increase to ﬁzeglﬁzn , while for all other w € Gy, w ¢ Ay the proportional
raise in their income is smaller. This can be continued for t = 2 as well since it is easy
to verify that [h]" increases while [hi(w)]” becomes more equal. Now, this process can
be extended to ¢ = 2,3, ...., which complete the proof of part (a).

The proof of part (b) follows from the same types of arguments using the fact
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that if #; < (] then g—j > g—? and, hence, h;(w) is more equal than k}(w) and hy > h;.
This process leads, using similar arguments as before, to y;(w) more equal than y; (w) for
all periods t.

Claim: Comparing two economies which differ only in the parameter v. The
economy with the higher v will have more inequality in the intragenerational income
distribution in all periods.

Since the two economies have the same initial distribution of human capital hg(w)
the process that determines hi(w) differs only in the parameter v. Denote by v* <

Y since

v < 1 the parameters, then it is clear that [ho(w)]"" is more equal than [ho(w)]
it is attained by a strictly concave transformation [see, Theorem 3.A.5 in Shaked and
Shanthikumar (1994)]. Likewise, the human capital distribution A}(w) is more equal
than the distribution h;(w). This implies that yj(w) is more equal than y; (w). Now we
can apply the same argument to date 1: the distribution of [h}(w)]*" is more equal than
that of [h;(w)]?, hence, using (18) and the above reference, we derive that the distribution
of [h3(w)]”" is more equal than that of [hy(w)]’. This process can be continued for all t.

Consider now the claim in part (c¢). From (18) we see that inequality in the
distribution of h;(w) remains unchanged even though all levels of h;(w) increase due to
this technological improvement. In particular, h; increases. Now, since inequality of
hY(w) did not vary but the second term in the RHS of (18) has increased due to the
higher value of h;, we obtain more equal distribution of hy(w). When pu(Ag) > 0 the
higher hjresults in higher income to all w € G; who belong to Ay, which only reinforces
the more equality in y3(w). Now, this argument can be used again at dates 3, 4, ....,

which completes the proof.

Proof of Proposition 7: Observe the following two equations used in the proof

of Proposition 5: y;11(w) = Cy[h} (w) + g—fegtﬁ?] for all w ¢ A;.

Yr1(w) = Ci[Byegihy] for all w € A
Similarly,

Vi (W) = Ci " (W) + Fegeh, ] for all w ¢ A7,
Vi (w) = Cf[ Baegih, ] for all w € Aj.
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Since hy and h§ are equally distributed, the same holds for Afj(w) and [hf(w)]?,
since v < 1. Moreover, since ho < h, we obtain that h*(w) is more equal than hy(w)
[again, see Lemma 2 in Karni and Zilcha (1994)]. It is easy to verify from (18) that h;(w)
are lower than h*(w) for all w. Note that since  yi(w) = C& Boegh, for all w e Ay
and yi(w) = Cofgegh;  for all w € A% and on these sets yi(w) > i (w) the
above argument is not affected by the existence of Ag and A with positive measure.
In particular we obtain that [h](w)]” is more equal than [h;(w)]” [see Theorem 3.A.5 in
Shaked and Shanthikumar (1994)]. Also we have [ 2)? < [ hy]?. This implies, using

(18), that h}(w) is more equal than hs(w). As in our earlier proofs it is easy to see that

this process can be continued to generalize this to all periods.

Proof of Proposition 8: Let us use the fact that in our model the inequality
in incomes originates from the inequality in human capital distribution, since the same
wage rate multiplies h,(w) [see equation (17)]. Now, the trade and physical capital flow
will result in equal wages and rates of interest in both countries. Moreover, we claim that
in such a case there is no effect on the optimal choices of parental investment in their
children; namely, that e;(w) will not vary. This can be verified directly from (12) and
(13), after substituting y;41(w) by (17) : given h(w), e;(w) and hence hyyq(w) will not
vary as we change r;,; and w1 as well. Thus the human capital accumulation process
will not vary and the sets A; as well [see inequality (16)]. Now, consider equations (18)

and (19) to verify that the distribution of h;41(w) will not change for t=0,1,2,....
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