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Abstract

This paper examines the general equilibrium implications of the Decentralized

Education (DE) and Centralized Public Education (CPE) systems for growth and

welfare in an overlapping generations model, where the economy-wide average

human capital generates positive externalities for each individual. Under DE, each

individual chooses his/her human capital to maximize welfare by treating average

human capital as a public good. Under CPE, human capital accumulation is

augmented by government in the form of public education expenditures �nanced

by distortionary income taxes. A benevolent �scal authority chooses a uniform

tax rate and the associated expenditure on public education. It is shown that

Centralized Public Education is superior to Decentralized Education for most

values of the model parameters in terms of human capital and welfare in an

economy displaying neoclassical growth dynamics. So, even when we abstract

from equity considerations, Centralized Public Education may be supported on

welfare grounds.
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1 Introduction

In Europe, North America and elsewhere, there is currently a strong debate on

alternative ways of �nancing activities that have public good features and in-

volve positive externalities, since competitive equilibria are typically ine¢ cient

in such cases. Education is clearly one of them, since human capital accumu-

lation plays a crucial role in the process of economy-wide economic growth and

income distribution in modern economies (see e.g. Lucas, 1988, Barro-Sala-i-

Matrin, 1995, Mundle, 1998, Temple 2001, Ranis et al., 2000, Gylfason-Zoega,

2003, Doppelhofer et al., 2004) and we have seen signi�cant government ivolve-

ment in the funding and provision of education worldwide (e.g Gradstein-Justman,

2000, Thum-Uebelmesser, 2003). In most countries, primary and secondary ed-

ucation are mandatory and provided by the government and higher education is

heavily subsidized (e.g by deducting educational spending from taxable income).

Education can be viewed as a mechanism of intergenerational transfers1 , since

it usually takes place at the beginning of the life cycle of the individuals and is

�nanced by resources provided by the old generation. These transfers are altru-

istically motivated, but a¤ect economic growth, income distribution and welfare

through their impact on human capital accumulation (see e.g. Azariadis-Drazen,

1990, Barro 2001, De la Croix-Michel, 2002). Altruistic decisions lead generally

to ine¢ cient outcomes and parental decisions about o¤spring education, which

ignore the positive impact of individual human capital accumulation on the ag-

gregate human capital, are a classic example of such decisions.

This paper compares the general equilibrium implications of two di¤erent edu-

cation systems, Decentralized Education (DE) and Centralized Public Education

(CPE). This extends the work of Glomm-Ravikumar (1992, 1995, 2001, 2003) and

1Roughly 5% of GDP is transferred to the young generation through public education in the
OECD countries (see Thum-Uebelmesser, 2003).
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Cardak (1999a, 2004) who focus on private and public education without human

capital externalities and in one case no leisure/education choice.2

Under both DE and CPE, the economy-wide average human capital stock gen-

erates positive externalities for each individual. That is, the return to individual

education increases with average human capital. Speci�cally, under Decentralized

Education (DE), each individual agent chooses his human capital to maximize

utility by treating the economy-wide human capital as a public good.

Under Centralized Public Education there is active social education policy.

In particular, individual human capital accumulation is enhanced by government

in the form of public education expenditures �nanced by distortionary income

taxes. A benevolent �scal authority chooses a uniform tax rate and the associated

education expenditure, by maximizing the utility of the representative old agent

and internalizing average human capital externalities.3

We use an overlapping generations model based on Glomm-Ravikumar (1992),

one of the most popular papers of the literature. Regarding welfare, members of

the old generation have a bequest motive4 and value average human capital trans-

fers to the next generation as well as consumption and leisure (Zilcha, 2003). For

simplicity, we focus on symmetric equilibria, where agents are alike with respect

2See also Zhang (1996), Kaganovich-Zilcha (1999), Epple-Romano (1998).
3In a more general framework, government intervention could take various forms, such as

public provision of education, provision of means-tested or uniform education vouchers to house-
holds to �nance private education and deduction of educational spending from taxable income.
Means-tested vouchers are transfers, which decline as the income of the recipient increases, while
uniform vouchers imply that these transfers are independent of income. Also, the government
can deduct the spending of households on education from income subject to taxation with the
purpose of encouraging educational spending. In the context of a more detailed analysis of pub-
lic centralized education than the one presented here, the e¤ects of these alternative education
policies on growth, welfare, the level and distribution of income and educational expenditures
can di¤er substantially (see Zhang, 1996; Kaganovich-Zilcha, 1999, 2003, Bearse et al., 2000).

4Generally, reasons for bequests are altruism on behalf of the parents, provision of incentives
such that their heirs behave according to what parents believe is appropriate and accidental
death of retired individuals who are not able to buy actuarially fair annuities. Besides that, in
the absence of a bequest motive it would be di¢ cult to explain why even very wealthy individuals
maintain large asset balances at death (Azariadis, 1993).
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to initial human capital, preferences over leisure and over average human capital

bequests. Human capital accumulation is the engine of long-run growth and de-

pends on initial average human capital, parental human capital, time devoted to

education and average public education spending (the latter only under CPE).

We characterize human capital decisions and optimal economic policy, and

compare the two education systems on the grounds of the endogenous variables

and welfare. When we make the comparisons analytically, the results are in gen-

eral ambiguous depending on parameter values. Therefore, we derive analytical

results where possible, and conduct numerical simulations based on well-accepted

parameter values to obtain a ranking of the education systems.

The main result is that centralized public education (CPE) is superior to de-

centralized education (DE) with respect to human capital and welfare for most

parameter values in an economy displaying neoclassical growth. However, con-

sumption is higher under DE relative to CPE. Time devoted to learning is identical

under the two systems.

This paper is related to three strands of literature. First, it complements the

literature on endogenous growth and investment in human capital (see e.g. Romer

1986, Lucas 1988, Azariadis-Drazen, 1990). Second, it is related to research, which

tries to explain the widespread public provision and �nancing of education as a way

to indoctrinate and instill social norms and values e.g by reducing the rent-seeking

incentives between competitive groups of heterogeneous agents (Gradstein 2000,

Gradstein-Justman, 2000, 2002, Thum-Uebelmesser, 2003). Third, this work is

relevant to the large and diverse literature on alternative ways of �nancing educa-

tion (see for example Glomm-Ravikumar, 1992, Zhang 1996, Epple-Romano, 1998,

Kaganovich-Zilcha, 1999, Glomm-Laguno¤, 1999, Meier, 2000, Soares, 2003).

However, this paper studies two environments, the �rst where only private

inputs a¤ect human capital accumulation and the second where both private and
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public factors a¤ect human capital, while other authors (e.g Glomm-Ravikumar,

1992, Zhang, 1996, Cardak, 1999, Blankenau-Simpson, 2004) analyze the private

and public education regimes separately. As a result, we compare an education

system where there are market failures due to average human capital externalities

in human capital accumulation with a regime where there are also government

failures because distortionary taxes are used to �nance human capital investment.

Furthermore, we use a richer human capital accumulation speci�cation than other

studies (e.g Cardak, 1999, 2004, Preston, 2003) including time devoted to edu-

cation, average human capital, average public education spending (the latter in

centralized public education) and parental human capital. We also include private

average human capital transfers directly in the utility function and assume that

agents put di¤erent weight to the components of utility, in contrast with most

of the literature (e.g Glomm-Ravikumar, 1992, 2001, Zhang 1996, Cardak, 1999).

Finally, we endogenize the tax rate, that is sometimes taken as exogenous (see e.g

Kaganovich-Zilcha, 1999).

The rest of the paper proceeds as follows. Section 2 presents the model. Section

3 studies decentralized education. Section 4 analyzes the decentralized public

education. Section 5 examines the dynamics of the two education systems. Section

6 compares them in terms of endogenous variables and welfare. Section 7 concludes

the paper. Techninal points are contained in the Appendices.

2 Theoretical framework

The analysis will be pursued in the context of an overlapping generations economy,

comprised of N two-period-lived agents. Each generation consists of identical

individuals, so it is characterized by a representative agent. In the second period

of life each individual has one child, so population growth is zero and population
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is normalized to unity.5

Agents derive utility from leisure when young and consumption and average

human capital passed on to their o¤spring when old. This formulation is pop-

ular in the literature (see Glomm-Ravikumar, 1992, Zhang, 1996, Cardak, 1999,

Kaganovich-Zilcha, 1999). One unit of time is available for each agent in every

period. During the �rst period, time is divisible in leisure and human capital

investment, while in the second period all time is supplied in the labour market.

Parents and children are connected through two channels. First, the stock

of parental human capital a¤ects children�s learning, since a young individual

inherits partially the human capital of the parents, i.e there is intergenerational

transmission of ability and knowledge within the family that does not operate

through formal schooling. Parental human capital might also a¤ect children�s

human capital through the quality of parental tutoring (see e.g Haskel et al.,

2003, Restuccia-Urrutia, 2004). The second linkage between generations exists

via bequests; in our model the bequest is average human capital, since parents

value the economy-wide average human capital bequeathed to their children. This

re�ects education-inclined altruism of the parents and is referred in the literature

as "joy of giving" (or "warm glow"), because parents have a preference for giving

(Wigger, 2001, De la Croix-Michel, 2002).

Furthermore, the economy-wide average human capital generates a positive ex-

ternality in the accumulation of private human capital, i.e. it acts as an input to

private human capital investment complementing the time devoted to education

by each individual, parental human capital and average public education expen-

diture. Individual agents average human capital as given. This externality can

be rationalized in several ways. For example, it has been argued that education

contributes to a stable and democratic society, inculcates acceptable social values

5For an examination of the impact of variable population growth on economic growth see
e.g. Futagami-Nakajima, 2001, De LaCroix-Doepke, 2004.
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and behavioural norms, lowers crime, thus law enforcement costs and promotes

social cohesion. Empirical support for these arguments has been found in the

classroom and district levels (Glomm-Laguno¤, 1999). 6

3 Decentralized Education

Under decentralized education, each agent optimizes with respect to consumption

when old and leisure when young by taking average human capital in all periods

as given. So, he maximizes the utility function:

a ln (nt) + ln (ct+1) + b ln
�
H t+1

�
(1)

subject to

ht+1 = ct+1 (2)

ht+1 = A (1� nt)�H


t h
�
t (3)

where nt 2 [0; 1] is leisure in period t, ct+1, ht+1 are consumption and indi-

vidual human capital in period t + 1 respectively and H t; ht are predetermined

and stand for average and parental human capital in period t respectively. 7

6Furthermore, positive e¤ects of educational attainment on civic engagement and in the
form of voter participation and support for free speech as well as quality of civic knowledge as
measured by newspaper readership have been con�rmed empirically (Dee, 2004).

7Regarding human capital accumulation, empirical studies show that the quality of education,
measured e.g by the student/teacher ratio, term length or relative pay of teachers, in�uences
positively the rate of return of individuals to education, therefore their future income (see
Card-Krueger, 1992). Also, the empirical work shows a positive correlation between parental
knowledge and child performance in school (see Glomm-Ravikumar, 1992), parental schooling
and children�s schooling (e.g Plug, 2004), parental income and children�s income (De la Croix-
Michel, 2002), parents�income and human capital investments (see Grossmann, 2003). In our
paper human capital is the only source of income, therefore modelling human capital investment
as a function of parents�human capital seems reasonable. Furthermore, time spent on human
capital investment is expected to have a positive e¤ect on school performance.
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The last element of the utility function re�ects the ad hoc altruism, i.e "joy of

giving". The utility from leaving a bequest depends on the size of the bequest.

So, b is the altruism factor re�ecting the degree of parental altruism towards chil-

dren expressed via human capital transfers to the o¤spring. Parameter a re�ects

preference for leisure. These parameters are assumed constant over time, i.e. all

generations of each family give the same weight in nt and H t+1. The di¤erences

with Glomm-Ravikumar (1992) and Cardak (1999a) are that H t is not included

in the human capital accumulation equation in these papers, education quality

instead of H t+1 is included in the utility function, a = b = 1 in the former paper

and a = 1 in the latter.

Furthermore, given the assumption that agents supply one unit of labour in-

elastically in the second period, ht+1 stands for income and the wage rate. Equa-

tion (2) is the budget constraint of the representative family, showing that dis-

posable income is devoted entirely to consumption. Relation (3) represents a

Cobb-Douglas production function for human capital, where A > 0 is a techno-

logical parameter that stands for total factor productivity in the human capital

formation technology and �; ; � 2 (0; 1) exhibit the elacticities of the learning

process with regard to time devoted to education, initial average human capital

and inherited individual human capital respectively, so that all factors exhibit di-

minishing returns. It shows that human capital accumulation depends positively

on time devoted to schooling, (1� nt), economy-wide average human capital (H t)

and human capital provided by the parents (ht). So, the more educated parents

are, the more help they are likely to give to their o¤spring and the more educated

the latter are likely to be.

In the context of all education systems examined below, we assume that agents

are alike.8

8The solution concept of symmetric equilibria has been widely used by both the public
economics and the game-theoretic literature (see Bewley, 1982, Mueller 1989, Drazen 2000,
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The �rst-order conditions de�ne the equilibrium as follows:9

nDEt =
a

a+ �
(4)

hDEt+1 = c
DE
t+1 = A

�
�

a+ �

��
H


t h
�
t = A

�
�

a+ �

��
h+�t = Bh+�t (5)

HDE
t+1 = Nh

DE
t+1 = NA

�
�

a+ �

��
h+�t (6)

where B = A
�

�
a+�

��
. Equation (4)

indicates that labour/leisure choices are constant over time and independent of

the parental attributes ht, because the income and substitution e¤ects balance

each other perfectly.10 The equilibrium labour supply is conditional on a; �.

The stronger the preference over leisure � and the smaller the elasticity of human

capital accumulation with regard to time devoted to it �, the higher is optimal

leisure and the lower time devoted to education. Also, consumption, income

and total human capital in period t + 1 depend positively on the productivity

parameter A and initial human capital ht. Finally, income, consumption and

aggregate human capital depend negatively on the preference over leisure a.

4 Centralized public education

We now assume that the human capital stock of individual agents can be aug-

mented by the government in the form of public education expenditures (e.g pub-

lic programs for libraries,expenditures on building schools, teachers�and univer-

sity professors�salaries and training). These expenditures are �nanced by distor-

Persson-Tabellini (1992,1994), Philippopoulos-Park, 2003).
9The second-order conditions hold. The superscript DE stands for Decentralized Education

equilibrium.
10This is due to log-linear preferences.
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tionary income taxes. A possible interpretation of the simultaneous presence of

private and public factors in the production of human capital is that the major-

ity of public education spending �nances primary and secondary education, while

private expenditure �nances mainly tertiary education and on the job-training

(Blankenau-Simpson, 2004).

Events take place in two stages. First, agents choose consumption, human

capital and leisure (therefore time devoted to education) taking economic policy

as given. Second, a centralized �scal authority chooses the tax rate and the

associated level of government expenditures taking as given the equilibrium values

of the variables chosen by households (see e.g. Alesina-Rodrik, 1994).

4.1 Household behaviour

The representative agent born in period t chooses ct+1; nt taking total human

capital and the income tax rate as given to maximize lifetime utility as follows:

a ln (nt) + ln (ct+1) + b ln
�
H t+1

�
(7)

subject to

ct+1 = (1� �)ht+1 (8)

ht+1 = A (1� nt)�H


tG
�

t+1h
�
t (9)

Equation (8) states that consumption equals the net (after-tax) human capital.

Relation (9) represents the human capital production function. It incorporates

average human capital in period t
�
G
�

t+1

�
as an externality for all agents similarly

with the DE system.
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In Glomm-Ravikumar (1992) and Cardak (1999), education quality instead

of average public education spending is used in the production function. So, our

speci�cation does not incorporate scale e¤ects, which are ambiguous empirically at

best, in contrast to the above authors. Also, it is richer in that it allows average

human capital to a¤ect private returns in human capital in the spirit of Lucas

(1988).

Equations (8)-(9) imply that

ct+1 = (1� �)A (1� nt)�H


tG
�

t+1h
�
t (10)

The �rst-order conditions give:11

nCPEt =
a

a+ �
(11)

cCPEt+1 = (1� �)A
�

�

a+ �

��
H


tG
�

t+1h
�
t (12)

hCPEt+1 = A

�
�

a+ �

��
H


tG
�

t+1h
�
t (13)

The results are analogous to those obtained under decentralized education.

The di¤erences between decentralized education and centralized public education

are as follows:

Proposition 1 Individual consumption is lower than human capital in centralized
public education in contrast with decentralized education due to the imposition of
the tax on human capital. Also, human capital accumulation is augmented by
government expenditures on education in CPE, which are not present under DE.

11The second-order conditions are also satis�ed.
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4.2 Government budget constraint

The government runs a balanced budget. It uses revenues from proportional

taxation of human capital (income) in t + 1 and allocates them to spending on

economy-wide human capital (Gt+1).

Given that there are N private agents, the government budget constraint and

average education spending are respectively:

Gt+1 = �Nht+1 = �Ht+1 (14)

Gt+1 =
�Nht+1
N

= �ht+1 (15)

Equations (14)-(15) imply that economic policy is summarized by the income tax

rate (�) :

4.3 Optimal Economic Policy

To endogenize economic policy, it is su¢ cient to determine the independent policy

instrument (�). We consider a centralized �scal authority, that chooses the tax

rate on human capital in t + 1:This authority acts as a benevolent Stackelberg

leader vis-a-vis the private sector by taking into account the private equilibrium.

As a result, the problem consists in choosing � ; which maximizes the utility

of the representative household given in (1). Substituting (11)-(15) into (1) and

di¤erentiating with respect to � , the optimal tax rate is the following:12

� =
�(1 + b)

�(1 + b) + 1� � (16)

The tax rate depends positively on the strength of preferences of the private

agents over average human capital bequests (b) and the elacticity of future human

capital with regard to average public education expenditures (�). This is expected,

12The second-order condition of the problem holds.
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since the higher the utility the agents derive from providing bequests to their

descendants and the more productive are public expenditures on education in

terms of human capital accumulation, the higher the tax rate the agents will be

willing to pay to �nance spending conducive to human capital accumulation.

4.4 Competitive decentralized equilibrium

The Competitive Decentralized Equilibrium (CDE) is de�ned as the set of alloca-

tions (nt; ct+1; ht+1;�) such that: (i) households maximize utility given economic

policy; (ii) markets clear; (iii) the government budget constraint is satis�ed.

Taking into account our theoretical framework and using (11)-(13), (15) we

get the following:

Proposition 2 In a symmetric competitive decentralized equilibrium, optimal leisure,
consumption, individual human capital, average public spending on human capital
and total human capital are respectively:

nCPEt =
a

a+ �
(17)

cCPEt+1 =

�
1� �

�(1 + b) + 1� �

�
A

1
1��

�
�

a+ �

� �
1��
�

�(1 + b)

�(1 + b) + 1� �

� �
1��

h
+�
1��
t (18)

hCPEt+1 = A
1

1��

�
�

a+ �

� �
1��
�

�(1 + b)

�(1 + b) + 1� �

� �
1��

h
+�
1��
t = Ch

+�
1��
t (19)

Gt+1 = A
1

1��

�
�(1 + b)

�(1 + b) + 1� �

� 1
1��
�

�

a+ �

� �
1��

h
+�
1��
t (20)

HCPE
t+1 = NhCPEt+1 = NA

1
1��

�
�

a+ �

� �
1��
�

�(1 + b)

�(1 + b) + 1� �

� �
1��

h
+�
1��
t (21)

where C = A
1

1��

�
�
a+�

� �
1��
�

�(1+b)
�(1+b)+1��

� �
1��
:
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5 Dynamics

In this section we study the dynamic path of human capital under the two edu-

cation regimes, namely DE and CPE.

In the context of decentralized education, we derive the dynamics of private

human capital by examining equation (5).

i) If ( + �) 2 (0; 1), the economy converges monotonically to the steady-state

level of human capital. The latter is given by hDEs = B
1

1���

ii) If + � = 1, the human capital of every family exhibits long-run or endoge-

nous growth at a rate of B. One can distinguish three subcases:

a) B = 1. We get ht+1 = ht, therefore the respresentative agent stays at the

human capital given by his initial conditions and there is no unique steady-state.

b) B < 1. There is monotonic convergence to a steady-state human capital

equal to zero.

c) B > 1. All families experience long-run growth at rate B:

iii) If + � > 1, the representative family converges to one of two steady-state

levels of human capital, equal to 0 and B
1

1��� , depending on initial conditions,

i.e. the equilibria are unstable. Speci�cally, if h0 < B
1

1��� ; then ht ! 0: If

h1 > B
1

1��� ; then lim
t!1

ht = 0 and if h0 = B
1

1��� individual human capital will

rest at its initial condition.

The cases of primary economic interest are i) and iic) and the conclusions may

be summarized as follows:

Proposition 3 a) If ( + �) 2 (0; 1) ; the representative family�s human capital
converges monotonically to the steady-state level of human capital; b) If + � = 1
and B > 1 the agents�income exhibits long-run growth.

Regarding the dynamics of total human capital they are the same with those of

private capital, the only di¤erence being that total human capital is always higher

13



than private human capital, since the former is the sum of the human capital of

the private agents.

With regard to CPE, we have the following by equation (19):

i) If ( + � + �) 2 (0; 1), the economy converges monotonically to the steady-

state level of human capital. The latter is given by hCPEs = C
1��

1����� .

ii) If ( + � + �) = 1, the human capital of every family exhibits long-run or

endogenous growth at a rate C. One can distinguish three subcases:

a) C = 1. We get ht+1 = ht, therefore the respresentative agent stays at the

human capital given by his initial conditions and there is no unique steady-state.

b) C < 1. There is monotonic convergence to a steady-state human capital

equal to zero.

c) C > 1. All families experience long-run growth at rate C:

iii) If ( + � + �) > 1, the representative family converges to one of two steady-

state levels of human capital, equal to 0 and C
1��

1����� , depending on initial condi-

tions, i.e. the equilibria are unstable. Speci�cally, if h0 < C
1��

1����� ; then ht ! 0:

If h0 > C
1��

1����� ; then ht ! 1 and if h0 = C
1��

1����� , individual human capital

will rest at its initial condition.

As a conclusion, the dynamics are qualitatively similar in CPE compared with

DE allowing for a variety of growth paths, including the neoclassical and endoge-

nous growth as subcases. The main di¤erence of DE with CPE is that growth in

the latter regime is a¤ected also by b; �, since these parameters determine the tax

rate, which determines average education spending and the latter a¤ects human

capital accumulation under CPE.
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6 Comparison of education systems

6.1 Analytical results

In what follows, we compare Decentralized Education (DE) and Centralized Public

Education (CPE). The purpose of the comparison is to examine the trade-o¤

between market failures associated with DE, due to the non-internalization of

the externalities associated with average human capital, and government failures

under CPE arising from the attempt by the government to correct the resulting

ine¢ ciency by using distorting policy instruments, here income taxes. In order to

examine the trade-o¤ between market failures and policy failures, we compare the

two systems in terms of leisure/time devoted to education, individual and total

human capital, consumption and �nally welfare. The results are summarized as

follows:

Proposition 4 a) Leisure, therefore time devoted to education, are identical in
both decentralized and centralized public education systems; b) human capital, con-
sumption and welfare are higher under DE than CPE if and only if the following
relations hold respectively:

�
� (1 + b)

� (1 + b) + 1� �

� 1
1��

A
1

1��

�
�

a+ �

� �
1��

h
CPE +�

1��
t � 1 < 0 (22)

(1� �) [(1 + b) �]
�

1��

[� (1 + b) + 1� �]
1

1��
A

�
1��

�
�

a+ �

� ��
1��

h
CPE

�(+�)
1��

t � 1 < 0 (23)

P
2+b��
1�� � A

1+b
1��

�
�

a+ �

��(1+b)
1��

(1� �) [� (1 + b)]
1+b
1�� h

CPE
(+�)(1+b)

1��
t > 0 (24)

where P = � (1 + b) + 1� �:

So, we obtain general results only for time devoted to education, therefore

leisure, which are identical due to the fact that the representative agent maximizes

the same utility function under the two regimes, while policy does not a¤ect the
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education/leisure choice. For the rest of the endogenous variables, we can only

obtain su¢ cient conditions for the ranking of the two systems. This means that

we can not tell a priori if the cost of tax distortions in the human capital accu-

mulation process outweighs the bene�t from the internalization of human capital

externalities through the subsidization of human capital accumulation regarding

human capital and consumption. So, the welfare comparison of these regimes for

all parameter values is impossible, because human capital and consumption are

arguments of the utility function. At the same time, a welfare analysis is useful

even in the context of a representative agent model as ours, since it summarizes

the e¤ects of changes in the model�s parameters on utility, which the social plan-

ner aims at maximizing through the use of the policy instruments. In light of

that, we must resort to numerical analysis in order to verify if these conditions

hold. In the process, we check if the same numerical values give reasonable results

for time devoted to education and the tax rate.

6.2 Numerical analysis

6.2.1 Neoclasical growth

Since both education systems involve second-best environments and there is no

a priori guidance from our theoretical model as to which of DE/CPE performs

better in terms of human capital, consumption and overall welfare, we will evaluate

expressions D, M, F for a range of values of the model�s parameters to verify if

conditions (22)-(24) hold after calculating the equilibrium values for the learning

time, tax rate and average education spending.

The baseline values for the parameters of the model were chosen based among

others on the work of Benhabib-Perli (1994), Psacharopoulos (1985), Magoula-

Psacharopoulos (1997), Acemoglou-Angrist (1999), Glomm-Ravikumar (2001),

Soares (2003), Cardak (1999b). The a; b were chosen so that the agents put more
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weight on consumption, leisure and human capital bequests sequentially and the

weight to consumption is 60%. The other two weights are normalized so that

the coe¢ cient of consumption equals 1. Also, A is such that growth rates are

between 2.1%-2.5% per year assuming each period in the life of individuals lasts

for 35 years. Initial (period 0) human capital h0 was set arbitrarily for reasons

of simplicity. As a result, the baseline parameter values are a = 0:42; b = 0:25;

� = 0:2;  = 0:15; � = 0:45; � = 0:1; A = 3; h0 = 5; where recall that a, b are the

strength of preferences over leisure and human capital bequests, �; ; �; � stand

for the elasticities of human capital accumulation with regard to time devoted to

education, average human capital, initial human capital and average education

spending respectively. Also, A stands for the productivity of human capital ac-

cumulation with respect to all inputs, h0 is the initial (period 0) parental human

capital.

Futhermore, we perform a sensitivity analysis with ragerd to the basic para-

meter values to check how the results based of the benchmark parameter values

change for most plasible parameter values. The ranges of values are such that

a 2 [0:25; 0:58] ; b 2 [0:08; 0:42] ; � 2 [0:1; 0:5] ;  2 [0:05; 0:25] ; � 2 [0:35; 0:55] ;

� 2 [0:01; 0:2]. The above ranges are broad enough to include most empirically

plausible values of the parameters.

Regarding the baseline parameter values, the optimal learning time is 32.3%

of the total time endowment, which is in line with estimates of time devoted to

schooling work (Soares, 2003), while it can be as low as 14.7% and as high as

54.5% depending on the values �; � take. The optimal tax rate is 12.2% for the

benchmark values and it ranges from 1.1% to 26.2% according to the values of b;

�:

The average public education spending in the steady-state
�
Gs
�
depends on

b; � in the same way as � ; i.e positively, which means that the positive e¤ects
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these parameters have on � ; more than outweigh the negative impact on hs: Also,

Gs rises as ; � increase, due to the positive e¤ect these parameters have on hs,

while a higher � decreases Gs, since the lower marginal productivity of learning

more than counteracts the positive impact on learning time, therefore steady-state

human capital declines.

We will compare the two regimes (DE and CPE) in the neoclassical growth

case, where there is a unique steady-state (see section 5). Then the relations

(22)-(24) are transformed as follows:

D =

"
A�1

�
�

a+ �

��� �
P

� (1 + b)

�1���#Q
� 1 > 0 (25)

M =

"
A

�
�

a+ �

��# �(1++���)
(1��)2

(1� �) [(1 + b) �]
�[1��(1���)]

(1��)2

P
1+�[�(+�)�1]

(1��)2
� 1 < 0 (26)

F = P
2+b��
1�� � AR

�
�

a+ �

��R
(1� �) [� (1 + b)]

S

P T
� 1 > 0 (27)

where P = � (1 + b) + 1 � �, Q = �
(1���)(1�����) , R = (1+b)(1�����)+(1��)

(1��)(1�����) ,

S = (1+b)(1�����)+�(1��)
(1��)(1�����) , T = �

1����� . Regarding human capital, we

get D < 0, M < 0; F < 0; therefore hDEs < hCPEs ; HDE
s < HCPE

s , cDEs > cCPEs

and UDEs < UCPEs for the baseline parameter values.

So, centralized public education is superior to decentralized education in terms

of human capital (income) and welfare, but decentralized education outperforms

centralized education with respect to consumption in the steady-state. In other

words, the positive welfare e¤ects of the subsidization of human capital by the

government outweigh the distortionary tax e¤ects on human capital accumulation

and consumption implying a net welfare gain of the education policy.

Afterwards, we perform a sensitivity analysis, evaluating D; M; F for the

ranges of parameter values mentioned above, i.e for a 2 [0:25; 0:58] ; b 2 [0:08; 0:42] ;
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Figure 1: Sensitivity of hDEs � hCPEs ; UDEs � UCPEs wrt (b; �; �)
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� 2 [0:1; 0:5] ;  2 [0:05; 0:25] ; � 2 [0:35; 0:55] ; � 2 [0:01; 0:2]. The most important

results of the analysis are presented in Figure 1.

Regarding the preference parameter over human capital bequests (b), cen-

tralized public education is superior to decentralized education in terms of both

human capital and welfare for all parameter values except for low values of b,

for which human capital under DE is higher. Also, the di¤erential in favour of

CPE with regard to both variables increases with b: This is expected, because the

higher the weight agents give to human capital, the more heavily they will invest

in human capital accumulation, the faster this will be and the higher the welfare
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they will get from human capital, therefore total welfare under CPE. These ef-

fects outweigh the negative impact on consumption and welfare due to a higher tax

rate, which results from a higher b; and is necessary to �nance higher education

spending.

With respect to the sensitivity of human capital accumulation with regard

to average public education spending, centralized public education outperforms

decentralized education for moderate and high values of � regarding income and

welfare. The more e¤ective education expenditure is in stimulating human capital

accumulation, i.e the higher � is, the more favorable the comparison is for CPE.

This is plausible, because a higher elasticity of knowledge accumulation with re-

gard to government spending implies a faster production of knowledge for a given

amount of public resources, therefore a higher welfare, since it more than com-

pensates for the reduction in consumption due to a higher tax rate resulting from

a higher �.

As for the elasticity of human capital accumulation with respect to learning

time (�), CPE is superior to DE in terms of both human capital and welfare with

the exception of very high values of �, for which human capital in DE is higher

than in CPE. In any case, the di¤erential between the two systems declines with

�: This is plausible, since a higher � implies a lower marginal contribution of

time devoted to education to knowledge creation and a slower human capital

accumulation. This in turn implies lower welfare both directly and indirectly

through lower consumption.

The parameters, which stand for the elasticity of knowledge with respect to

average human capital () and parental human capital (�) exhibit the same quali-

tative behaviour with the sensitivity of learning to average government education

spending (�) and the rationale is exactly the same as mentioned in the above

analysis referring to �.
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Consumption is always, i.e for all parameter values, lower under centralized

public education compared to decentralized education. However, the di¤erence of

the two regimes in terms of consumption changes in di¤erent ways for the various

parameter values (see �gure 2 for representative results).

Speci�cally, as the degree of altruism of the old generation towards the young

(b) strengthens, the negative impact of the higher resulting tax rate is more than

compensated by the positive e¤ect of government expenditure on human capital

accumulation. As a result the consumption di¤erential becomes smaller in favour

of centralized public education. The opposite is true for the productivity of aver-

age education spending (�), implying a higher di¤erential in terms of consumption

for the decentralized education as � rises.

Regarding the parameter indicating average human capital externalities (),

the higher it is, the faster is human capital accumulation for any level of average

human capital, which implies a more rapid knowledge creation under CPE due to

government intervention compared with DE. As a consequence, the consumption

di¤erential tilts in favour of CPE for higher values of :The consumption di¤eren-

tial behaves in the same way with respect to the sensitivity of learning regarding

parental human capital (�) and the rationale is the same, the only di¤errence

being that instead of average human capital we must consider parental human

capital.

Finally, a higher elasticity of human capital accumulation with regard to time

devoted to education (�), results in a lower contribution of learning time to knowl-

edge creation, which lowers human capital, therefore consumption, more under

centralized public education than decentralized education. As a result, the con-

sumption di¤erential increases in favour of the latter.

Turning to the transitional dynamics, simulations using the benchmark para-

mers values, i.e a = 0:42; b = 0:25; � = 0:2;  = 0:15; � = 0:45; � = 0:1;
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Figure 2: Sensitivity of cDEs � cCPEs wrt (b; �)
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Figure 3: Transitional dynamics of human capital under DE
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A = 3; h0 = 5; we conclude that human capital reaches steady-state in 13 periods

compared with 17 periods under centralized public education. The faster rate of

convergence is due to the higher average growth under DE (2.5%) in relation to

CPE (2.1%) (see �gures 3-4 for the transition paths in the two systems).

As a result, human capital converges faster in a lower steady-state value under

decentralized education compared with centralized public education. So, educa-

tion policy increases steady-state income at the expense of a slower rate of con-

vergence. If somebody looks more carefully at the transition path, he will realize

that starting from the same initial income, the decentralized education system
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Figure 4: Transitional dynamics of human capital under CPE
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is superior to centralized public education in terms of per capita income up to

period 6 and from then onwards CPE outperfoms DE. Moreover the di¤erence

in favour of DE rises in the �rst two periods and then gradually falls until CPE

income outstrips DE.

6.2.2 Endogenous growth

In order to achieve endogenous growth given our ranges of parameter values, we

must have  = 0:25, � = 0:55, � = 0:2 (see section 5). Keeping the rest of the

parameters at the beseline values, the growth rate under DE is exactly the same

(2.5%), since it does not involve the aboe parameters, while growth in CPE is

approximately the same (2.1%) compared with the neoclassical growth case. As a

result, in the case of endogenous growth, human capital is higher under DE than

CPE in all future periods if they start from the same initial level.

Next, we employ a sensitivity analysis of the di¤erence in the growth rate of

human capital in the two regimes
�
BDE � CCPE

�
. From Figure 5, it follows that

as b rises, growth under CPE approaches growth in DE, since the resulting higher
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Figure 5: Sensitivity of BDE � CCPE wrt (b; �)
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tax rate implies higher public education expenditure and faster human capital

accumulation in centralized public education, while the decentralized education

growth is constant. Also, a higher elasticity of knowledge accumulation with re-

gard to � implies a higher growth di¤erential of the two systems, since growth rate

falls less under DE than in CPE, because the contribution of time devoted to edu-

cation to growth falls faster under centralized public education than decentralized

public education (see relation 19).

Regarding the parameter representing the degree of education-inclined altru-

ism towards the young (b), one could speculate that its magnitude is signi�cantly

larger in the south European countries than the North Europe and North Amer-

ica. This is because citizens in the former set of countries seem to value education

per se, i.e. not only as a means of having better labour market opportunities and

higher earnings, but also as a way to improve their social status or to shape a

better personality. On the contrary, in the North, agents value education more as

an investment. So, people in the South are more willing to pay taxes for educa-

tion �nance according to our model. This also justi�es a more important role for

centralized public education in the South even on e¢ ciency grounds.
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7 Conclusions

This paper has examined the implications of decentralized education and central-

ized public education systems for growth and welfare. We focused on education,

because human capital accumulation is considered as a fundamental source of

long-run growth in modern economies and government intervention in education

is widespread. The ultimate objective was to welfare rank the two regimes, so

that a formal judgement can be made regarding their desirability as alternative

ways of organizing education.

Our study shows that analytical comparisons can be made only for time de-

voted to education (therefore leisure). So, time spent on learning and leisure are

identical in both regimes.

However, none of the institutional settings dominates the rest for all possible

parameter values in terms of human capital, consumption, welfare and growth. In

light of this, we resorted to numerical methods. As a result, in the steady-state

centralized public education is superior to decentralized education in terms of

human capital for most empirically plausible values of the parameters. However,

DE outperforms CPE with regard to consumption. Since the former e¤ect is

stronger than the latter, CPE is welfare superior to DE in most cases. Also,

during the initial transition periods DE fares better than DE in terms of per

capita income, which is reversed as we approach the steady-state, since the rate

of convergence of DE is faster. In the case of endogenous growth, DE outpeforms

CPE with regard to all variables.

So, in the case of neoclassical growth, even when we abstract from equity con-

siderations as we do in this work, centralized public education may be supported

on welfare grounds. These results, if combined with the strong capacity of pub-

lic education to reduce income inequality when asymmetric equilibria ex-post are

studied, as in Glomm-Ravikumar (1992) and Cardak (1999) among others, justify
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a prominent role for public centralized education.

We close with possible extensions. First, we could examine an economy where

the individuals in each generation are heterogeneous, allowing for more elabo-

rate education policies, e.g means-tested vouchers, which would allow us to study

the impact of education policies on income distribution. Furthermore, we might

study the case of progressive in addition to proportional human capital taxation

and model uncertainty with respect to the characteristics of human capital accu-

mulation. We leave these extensions for the future.
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APPENDICES

APPENDIX A

Table A1. Simulation results for human capital (neoclassical case)

Time periods hDEt+1 hCPEt+1

0 5,00 5,00

1 6,28 6,10

2 7,21 6,97

3 7,83 7,61

4 8,22 8,07

5 8,47 8,40

6 8,62 8,62

7 8,71 8,77

8 8,77 8,87

9 8,80 8,94

10 8,82 8,99

11 8,84 9,02

12 8,84 9,04

13 8,85 9,06

14 8,85 9,06

15 8,85 9,07

16 8,85 9,07

17 8,85 9,08

18 8,85 9,08

19 8,85 9,08

20 8,85 9,08
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