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ALLOCATION OF RESOURCES IN EDUCATIONAL

PRODUCTION: THE BUDGET PUZZLE
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Abstract
This study examines why educational expenditures seem

Q1

Q2

to be unrelated to educational achievements according to
empirical evidence. An overlapping generations model of
budgetary and allocation decisions is presented in a polit-
ical dynamic equilibrium framework. The model’s key fea-
ture is that the size of the budget is predetermined accord-
ing to majority voting, taking into account the subsequent
allocation decisions. Then, funds are allocated either effi-
ciently or inefficiently on a quality–quantity frontier in hir-
ing teachers. Under these assumptions, this study highlights
the implications of existing inefficiencies and demonstrates
how they might explain stylized facts. First, the majority of
voters may channel more funds to an inefficient education
system, in case its return to the marginal units of funding
is higher, which helps explain the difficulty in finding bud-
get effects in the data. Second, in certain circumstances, the
majority of voters may actually prefer an inefficient educa-
tion system. Finally, other disadvantages of inefficient edu-
cation systems, in addition to low educational achievements,
include high income inequality and low teacher quality in
the long run.
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2 Journal of Public Economic Theory

1. Introduction

Why do educational expenditures seem unrelated to student performance?
What are the implications of inefficiencies in educational production? Are
there circumstances in which the majority of voters prefer inefficiency in the
allocation of resources? To address these questions, this research develops a
model that generates inefficiency in the demand for teachers within a politi-
cal dynamic equilibrium.

Many empirical studies have examined the contribution of public edu-
cation expenditure per student to educational attainment and labor–market
outcomes. Their results vary from significant budget effects to indecisive
budget effects (see the extensive surveys of Hanushek 1986, 2003, Grad-
stein, Justman, and Meier 2005). For example, according to Hanushek and
Woessmann (2010), no cross-country association exists between spending
levels and average achievements.1

Source: Figure 3 in Hanushek and Woessmann (2010).

Notes: Association between the average math achievement of 15-year-olds on the

2003 PISA test and cumulative expenditure on educational institutions per student

between the ages of 6 and 15 years, in U.S. dollars, converted by purchasing

power parities. Light line: regression line for full sample. Dark line: regression line

omitting Mexico and Greece. With the two outliers, a weak positive association

occurs. However, when a country’s GDP per capita is controlled for, this

association loses statistical significance and even becomes negative. The lack of a

significant positive cross-country association is evident in many other international

achievement tests and when many other determining factors (e.g., family

background, school features) are accounted for in a regression framework.

1 To rule out unobserved country differences, Gundlach, Woessmann, and Gmelin (2001)
and Gundlach and Woessmann (2001) study within-country variation over time. They con-
clude that substantial increases in real school expenditure per student did not lead to
improvements in test scores in most of the sampled OECD countries and East Asian coun-
tries in 1970–1994 and 1980–1994, respectively.
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Allocation of Resources in Educational Production 3

The disagreement in empirical literature is puzzling. At some basic level,
the failure to observe consistent budget effects is embarrassing because any
increment in the budget can potentially achieve a Pareto improvement. Why
is this potential not realized? Hanushek (1986, 2003) and Ben David (2003)
address this “budget puzzle.” They argue that the primary problem in educa-
tion systems is not a lack of money but rather inefficiency in the utilization
of the educational budget. In most cases, boosting the budget cannot solve
long-standing structural problems. In contrast, when the administration of
the education system is efficient and diligent, it can accomplish much within
a limited budget. In line with this rationalization, the main purpose of this
paper is to introduce an analytical framework that integrates the various find-
ings on the relationship of student performance to the budget.

To my knowledge, this is the first attempt to provide an equilibrium ex-
planation for the budget puzzle. Prior theoretical models of human capi-
tal formation are typically very basic. Some models ignore the provision of
compulsory public education, while other models analyze its contribution
to growth, welfare, and the income inequality within a simplified produc-
tion function of public education. These models use a single determinant
for public education (e.g., budget level) under the assumption that it is re-
lated one-to-one to educational attainment (see Loury 1981, Glomm and
Ravikumar 1992, 2003, Saint-Paul and Verdier 1993, Cardak 1999, 2004,).
In contrast, this current research argues that the essential elements in ed-
ucational production include not only the size of the budget but also the
structure of the whole education system and the way funds are allocated
across educational production factors, especially teacher quality and quan-
tity. A few theoretical studies incorporate teacher quality and quantity in the
production of public education, though they address different research ques-
tions than the current research. For example, Lakdawalla (2001) and Gilpin
and Kaganovich (2012) provide explanations for the declining quality of
teachers over time in the UnitedStates. Tamura (2001) examines the con- Q3
vergence of achievements across U.S. school districts. While these studies
assume that the allocation process is always efficient, Eckstein and Zilcha
(1994) and Viaene and Zilcha (2003, 2009) assume that teacher quality is
always equal to the mean human capital of the whole population.

According to empirical literature, teacher quality is a conclusive and
enormously important determinant of student outcomes. Recent empirical
work has concentrated on whether some teachers consistently produce more
gains in student achievement than other teachers (i.e., their value-added).2

The aforementioned theoretical studies that considered teacher quality

2 However, although the teacher quality effect is unquestionable, it is still considered a
“black box” in empirical literature. Prior research indicates to some extent that teacher
quality is related to common measures of salary, education, experience, certification,
test scores, and others (see Hanushek 1986, 2003, Lee and Barro 2001, Rockoff 2004,
Aaronson, Barrow, and Sander 2007, Goldhaber and Anthony 2007, Clotfelter et al. 2007,
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4 Journal of Public Economic Theory

commonly used the simplifying assumption that it equals the average hu-
man capital level of teachers. In line with these articles, I adopt this assump-
tion. It seems fair to assume that the average human capital of teachers has
some influence on the quality of their work because it represents their ba-
sic raw knowledge (affected by their family background and formal educa-
tion). Similarly, for example, the average human capital of the whole popu-
lation is commonly used as an indicator of the economy’s knowledge in the
macrogrowth literature (though in a completely different setup and logic),
or the average human capital in a certain sector is used as an indicator of the
sector’s quality. Moreover, this assumption has the advantage of simplicity
and tractability.

In contrast with teacher quality, the measures of teacher quantity (i.e.,
the inverse of class size and pupil-to-teacher ratio) are well defined and
amenable to various analytical approaches, though the empirical evidence
regarding their effect on the educational outcome is diverse. However, many
studies connect the difficulty in finding consistent class-size effects in the
data with estimation bias, causality, endogeneity, or incorrect aggregation of
the available studies and argue that such effects do exist.3

In contrast with the previous theoretical models, this study explores the
budget puzzle and posits that the allocation of the given educational bud-
get between teacher quality and teacher quantity can be either “efficient” or
“inefficient,” as follows: When the education system is successfully managed,
teachers are selected in a way that maximizes the educational outcome (as
in Tamura 2001, Gilpin and Kaganovich 2012). That is, if the intensity of ed-
ucational production lies more in teacher quality than in teacher quantity, a
smaller set of high-quality teachers is appointed. Note that recruiting quali-
fied teachers has a cost, which takes the form of larger class sizes. I call this
type of management an “efficient education system” (EES); in a poorly man-
aged education system, teachers are selected not necessarily using a specific
target related to the output. I assume that in this case, teachers are chosen so
that their quality equals the population mean. Note that this behavior com-
plies with either a homogeneous set of teachers, in which all chosen teachers
are roughly similar to the “average worker,” or a heterogeneous set of teach-
ers, in which they are chosen “at random” from the working population (as
in Eckstein and Zilcha 1994). I call this type of management an “inefficient
education system” (IES).

In reality, the performance of any education system ranges between
these two efficiency extremes. Note that this study does not model the cause

Hanushek and Woessmann 2010). Unfortunately, the characteristics of good teachers are
not well understood.
3 See Hanushek and Kimko (2000), Hoxby (2000), Card and Krueger (1992), Hanushek
and Woessmann (2010), Brunello and Checchi (2003), Lee and Barro (2001), Lazear
(2001), Jepsen and Rivkin (2002), Kremer (1995), Angrist and Lavy (1999), Krueger
(1999).
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Allocation of Resources in Educational Production 5

of inefficiencies; rather, focusing on the demand for teachers, it highlights
the implications of existing inefficiencies and demonstrates how they might
explain stylized facts, as well as the circumstances under which they might
be preferred by the majority of voters. In a political dynamic equilibrium
framework, the model assumes that the optimal budget is predetermined
according to majority voting and that voters take into account subsequent
allocation decisions. Prior research has widely used the median voter’s opti-
mal choice for tax rates (e.g., Glomm and Ravikumar 1992, Saint-Paul and
Verdier 1993), which captures the idea that funding public education is typ-
ically an outcome of a political process.

These simple assumptions, embedded in a general equilibrium overlap-
ping generations model, yield the following implications:

(1) Section 0 provides a possible answer to the budget puzzle: The opti-
mal budget for public education may vary according to the type of
allocation process. The EES has two offsetting effects on its budget
size compared with the IES: It is more productive relative to home
education, but its return to the marginal units of funding declines.
In EESs, the most suitable teachers are hired first, and as funds in-
crease, the system must “compromise” by hiring less suitable ones.
The strength of these effects depends on the education technology,
the preference structure, and the human capital distribution at each
generation. Q4

(2) In a wide variety of circumstances, the marginal product of funds
is higher under IESs than under EESs. This occurs when public
education is sufficiently asymmetric in teacher quality and quantity
or when the majority of voters are willing to invest more in pub-
lic education. In other words, this occurs when public education is
sufficiently productive and parents are highly altruistic or when the
human capital distribution is highly skewed. In these cases, it is opti-
mal for the majority of voters to channel more funds to an IES than
an EES. As a result, educational attainment can be poor despite a
sizable budget, while educational attainment can be extremely high
despite a low budget. Thus, budget matters, but without controlling
for the quality of the education system, the observed link of educa-
tional output to the budget may be inconclusive: A larger budget
does not guarantee greater achievements, because it cannot com-
pensate for inefficiencies in the process of allocation of resources.

(3) In Section 0, voters choose the quality of the education system. In
particular circumstances, the majority of voters may not implement
an EES, even though a central planner would have done so, consid-
ering the implications to educational achievements in the long run.
The reason is that a relatively high tax burden is imposed on the
current generation, while the “fruits” of such a change (i.e., a better
education for all descendants) are not fully internalized. Thus, in
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6 Journal of Public Economic Theory

the short run, welfare to the current generation in an EES is lower
than in an IES.

(4) Section 4.4 demonstrates the disadvantages of an IES. That is, an IES
may result in low educational achievements, high income inequality,
and low teacher quality in the long run.

2. The Model

2.1. The Structure of the Model

Before I describe the model in detail, I delineate the process of decision
making in the model. The main steps include budgetary decisions by the
government, allocation decisions by the education ministry, and production
by firms, as follows: The government determines the budget size—that is, the
tax rate imposed on wage income to finance public education. The govern-
ment collects taxes and gives the tax revenues to the professional officials
in the education ministry. Their task is to appoint the set of teachers char-
acterized according to their quality and quantity.4 Then, compulsory public
education is provided equally to all children. Given public education provi-
sion and factor prices, firms hire the workers not appointed as teachers and
produce the consumption good.

2.2. Human Capital Formation

Consider an overlapping generations economy with a continuum of con-
sumers in each period who live for two periods. Heterogeneity emanates
from the initial distribution of human capital. In the first period, consumers
acquire education. In the second period, the working period, they make eco-
nomic decisions and give birth to one child. There is no population growth,
and therefore population is normalized to unity. Let ω ∈[0,1] be the fam-
ily name of each household. Denote the set of families in each generation
by � =[0,1] and the Lebesgue measure on � by μ. Denote generation t—
namely, all the agents who were born at the beginning of period t − 1—by
Gt and the human capital of agent ω ∈ Gt by ht (ω). Each agent has one unit
of time in the working period, which is allocated inelastically to work. I inte-
grate the human capital of the parent, ht (ω) in education technology, assum-
ing constant returns.5 Public education provision is compulsory and equally

4 Note that the model can be interpreted consistently, assuming that agents cast votesbrk
directly to determine the tax rate and the government itself allocates resources.
5 According to the empirical evidence, parental education is a powerful determinant of
children’s education (see, e.g. Hanushek 1986, 2003, Haveman and Wolfe 1995, Behrman
et al. 1999, Lam and Duryea 1999, Brunello and Checchi 2003, Cunha et al. 2005). Prior
studies have supported non-decreasing returns in the human capital production process
(e.g., Glomm and Ravikumar 1992, Knight and Shi 1996, Viaene and Zilcha, 2009).
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Allocation of Resources in Educational Production 7

provided to all children. It is produced by two inputs: teacher quality, h∗
t (i.e.,

the average level of human capital of the instructors), and teacher quantity,
e gt (i.e., the proportion of teachers in the worker population). Because pop-
ulation growth does not occur, teacher quantity is equivalent to the teacher-
to-pupil ratio and is the inverse of class size. The production function of
human capital for ω ∈ Gt+1, denoted also as education technology, is given
by the following (see also Viaene and Zilcha 2003, 2009):

ht+1(ω) = β1ht (ω) + β2e γ
gt h

∗η
t . (1)

The parameters β1 > 1, β2 > 1, η > 0, γ > 0 measure how efficiently
home education and public education contribute to human capital. The pa-
rameter β1 represents environment and facilities at home, and γ, η, β2 are
affected by the public school system, curriculum, social interaction, disci-
pline, and school facilities. By adding a uniform level of public education to
all children, the human capital of agents from below-average families grows
faster than that of agents from above-average families. Thus, ceteris paribus,
public education has a mitigating effect on the income inequality over time,
as established in the aforementioned research.6

DEFINITION 1: Education technology is quality intensive (quantity intensive) if
its intensity lies more in teacher quality (teacher quantity) than in teacher quantity
(teacher quality); that is, γ < η(γ > η).

Current empirical research in developed countries has led to the in-
ference that teacher quality is more important than class size in determin-
ing student achievement (see Hanushek 1986, 2003, Tamura 2001, OECD
2005, Rivkin, Hanushek, and Kain 2005, Clotfelter, Ladd, and Vigdor 2007,
Hanushek and Woessmann 2010). Thus, in the benchmark case, education
technology is quality intensive. Nevertheless, caution is required because
these estimates may be country or period specific and the intensities of
teacher quality and quantity may depend on their levels.7 Therefore, I also
analyze the quantity-intensive technology to verify that the results are robust
to this specification.

I assume that public education is financed by some proportional tax rate,
τt , imposed on wage earnings at date t. Because this study focuses on ineffi-
ciencies in the demand for teachers within a political dynamic equilibrium,

6 Moreover, Brunello and Checchi (2003) support the additive form of the human capi-
tal production function. They find that for Italians born between 1941 and 1970, home
education and public education are substitutes in education technology.
7 According to Lazear (2001), the optimal class size varies with age, grade levels, discipline,
topic, student’s ability, and teacher quality (see also Altinok and Kingdon 2009). Note that
in the case γ = η, the educational outcome does not depend on the budget allocation.
Thus, both education systems produce identical results.
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8 Journal of Public Economic Theory

the supply side is quite simple. Let yt (ω) be the after-tax income of agent
ω ∈ Gt , where wt is the wage rate for an effective unit of labor. Then,

yt (ω) = wt (1 − τt )ht (ω). (2)

In line with Becker (1975), every agent is paid according to his or her
effective human capital. Thus, agents are indifferent between working in the
production sector and working in the teaching sector.

2.3. The Set of Teachers: A Feasibility Constraint

Given the tax rate, τt , and the current distribution of human capital, a fea-
sible set of teachers is denoted by P . The set is characterized by its “quality,”
h∗P

t (i.e., its average human capital), and its “quantity,” e P
gt (i.e., the size of

the set). The setP satisfies the following:

(a) Sustainability: Every agent in the set, ωP , is taken from the distribu-
tion of workers.

(b) Balanced educational budget: The tax revenues finance teachers’
incomes for the subsequent generation:

∫
�

τt w t ht (ω)dμ(ω) =∫
P wt ht (ω)dμ(ω).

Accordingly, a feasible set is defined by the following:{
ωP ∈ Gt |The corresponding

(
h∗P

t , e P
gt

)
satisfy τt h̄t = e P

gt h
∗P
t

}
, (3)

where h̄ denotes the mean human capital in the population. I assume that
the population is sufficiently heterogeneous, so that the feasible quality and
quantity defined by Equation (3) are not unique.

2.4. Agents

I specify the altruism of parents by “joy of giving” via incorporating their
offspring’s future income into their utility function.8 Parental altruism drives
the motivation to invest in public education. Given the provision of public
education, the utility of an agent ω ∈ Gt from current consumption and the
child’s future income is given by:

ut (ω) = c t (ω)a1 yt+1(ω)α2, (4)

8 See, e.g., Glomm and Ravikumar (1992), and Viaene and Zilcha (2003, 2009). Incorpo-
rating the child’s human capital (Saint-Paul and Verdier 1993, Eckstein and Zilcha 1994)
should yields similar results because agents are price takers in terms of tax rates and wages.
A less reasonable possibility is that parents derive utility from their child’s utility (Loury
1981). This yields a dynastic recursive utility, in which each parent is indirectly concerned
with the utility of all his or her progeny. The current specification also has the advantage
of simplicity. Moreover, it states that parents can care about aspects they believe are impor-
tant for their offspring’s welfare without knowing how their offspring values these aspects
himself or herself.
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Allocation of Resources in Educational Production 9

where yt+1(ω)denotes the child’s income, given by Equation (2) in period t
+ 1,

yt+1(ω) = wt+1(1 − τt+1)ht+1(ω), (5)

and ht+1(ω) in Equation (1). c t (ω) denotes consumption. Agents in their
working period simply consume their after-tax income; that is, ct (ω) =
yt (ω) given by Equation (2). The utility intensities αi > 0 for i = 1, 2 are
given.

2.5. Firms

DEFINITION 2: Effective labor refers to the per capita human capital used in pro-
duction (i.e., not used in education); ht − e gt h∗

t = (1 − τt )ht .

Given the provision of public education, competitive firms produce a
consumption good, denoted by qt , using workers not hired as teachers (i.e.,
the effective labor). The (per capita) production function is given by:9

qt = ϕ
(
(1 − τt )h̄t

)σ
, for 0 < σ < 1. (6)

The model can be extended to take into account heterogeneity in innate
abilities, three periods (an additional retirement period), physical capital,
and maximization of utility to choose the level of savings for retirement and
allocate time between self-educating the child and leisure. The results and
the trade-offs are robust to all these extensions. A detailed analysis of the gen-
eral version of the model appears in Hatsor (2008). The Appendix provides
an outline of the general model.

2.6. Budgetary Decisions and Allocation Decisions

Recall that in the model, the optimal budget is predetermined according to
majority voting, taking into account the following allocation decisions. Then,
the educational budget is allocated between teacher quality and teacher
quantity. Several interpretations are consistent with this formulation. I prefer
the following one: First, governments are subject to reelection every period
by the majority of voters (i.e., the agents in their working period). Therefore,
to be reelected the government determines the budget size according to the
desire of the majority of voters. Second, rather than assuming that all deci-
sions are made by one authority, it is more realistic to assume delegation of

9 Note that in production, quality and quantity intensities of labor are normalized to 1.
Therefore, their relative intensities in human capital formation (γ, η) measure the impor-
tance of quality and quantity of teachers in public education relative to the contribution
of quality and quantity of workers in production.



jpet12087 W3G-jpet.cls February 21, 2014 11:34

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

10 Journal of Public Economic Theory

authorities. Drazen (2001) suggests that because the government is respon-
sible for myriad functions, it must subdivide into agencies or “bureaus,” each
of which is responsible for specialized functions. Practically, the government
cannot acquire the necessary expertise and experience for allocation deci-
sions during the period of rule.10 Thus, while the government makes bud-
getary decisions, it delegates allocation decisions to its subordinates (profes-
sional officials who have insight into the education system). These executives
are the counterpart of the Ministry of Education in European countries or
the education agencies in the United States. They manage the education
system, execute the educational policies, and decide how best to spend the
educational budget. With regard to the demand for teachers, their task is
to characterize the set of teachers according to their quality and quantity.
They act as “budget takers” because they select teachers given an educational
budget without any strategic considerations.

3. The Education System

Sections 3.1 and 3.2 discuss the two qualities of education systems consid-
ered in the literature: “efficient” and “inefficient.” As mentioned previously,
performance of education systems can range between these two efficiency
extremes.

3.1. The EES Case

I now consider the case in which, given the educational budget, teachers are
selected to maximize the level of “educational outcome.” Given the state of
the economy in date t, the policy maximizes the next generation’s “stock” of
human capital in Equation (1):

Max
e gt (τt ),h∗

t (τt )
Ht+1 = β1Ht + β2

(
e gt (τt )

)γ (h∗
t (τt )

)η
, where Ht =

∫
�

ht (ω), (7)

subject to the feasibility constraint (3) and the current human capital distri-
bution. The terms h∗

t (τt ) and e gt (τt ) denote teacher quality and quantity as
a function of the tax rate, respectively. Substituting the feasibility constraint
(3) in Equation (7) yields the following:

Max
h∗

t (τt )
Ht+1 = β1Ht + β2(h̄t )ητ

γ
t

(
h∗ (τt )

h̄t

)η−γ

. (8)

10 Alesina and Tabellini (2004) argue that it is optimal to delegate authority from elected
policy makers to bureaucrats when ability is more important than effort in the job
concerned. Alesina and Tabellini (2005) argue that politicians delegate authority to
bureaucrats to shift the risk and blame from themselves.
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Allocation of Resources in Educational Production 11

Figure 1: This figure illustrates the set of teachers selected in an EES (in some

period t). The figure qualitatively describes any choice of parameters, given that

education technology is quality intensive (the gray set) or quantity intensive (the

black set). To simplify the exhibition, I illustrate a normal distribution.

DEFINITION 3: Relative teacher quality refers to teacher quality divided by the mean
quality of the population; that is, h∗(τ)

h
.

As Equation (8) shows, with quality-intensive education technology, it is

Q5

optimal to maximize the relative teacher quality. In this case, a smaller set
of high-quality teachers is appointed. First, top-quality workers are selected
because they are the most suitable. Then, the most qualified workers from
the remaining distribution are added to the set until the budget is depleted.
Note that recruiting high-quality (and, thus, expensive) teachers involves a
cost, which takes the form of a larger class size because the set of teachers
is relatively small. In contrast, with quantity-intensive education technology,
it is optimal to minimize the relative teacher quality to obtain a larger set of
teachers. Figure 1 illustrates the set of teachers selected in both cases.

Then, property 1 is derived as follows:

PROPERTY 1:11 In an EES, in all periods, if education technology is quality (quan-
tity) intensive,

(a) Relative teacher quality is higher (lower) than 1 (i.e., teacher quality
is higher [lower] than the mean human capital of the population);

(b) The return to the marginal units of funding declines (i.e., relative
teacher quality declines [increases] as the budget rises); and

(c) For all education technologies, the allocation of the budget is effi-
cient.

When education technology is quality intensive, for low educational bud-
gets, relative teacher quality is the greatest, and as the budget rises, relative
teacher quality declines. This is due to the feasibility constraint: In EESs, the

11 The Appendix provides the proof of Property 1(a).
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most suitable teachers are hired first, and as funds increase, the system must
“compromise” by hiring less qualified ones. Thus, the elasticity of teacher
quality with respect to the tax rate is negative (i.e., ηh∗,τ < 0). As a result,
the return to the marginal units of funding decreases.12 Moreover, in EESs,
the allocation of the budget is efficient because the educational outcome is
maximized. No other feasible sets of teachers can achieve a higher level of
educational outcome with the same budget: A larger set necessarily reduces
the level of educational outcome because the most suitable candidates are al-
ready in the set. A smaller set that includes the most suitable candidates does
not balance the educational budget; otherwise, it would have been chosen
(and a smaller set without the most suitable candidates does not maximize
the educational outcome).

3.2. The IES Case

In a poorly managed education system, given the educational budget, teach-
ers are selected according to a simple “rule of thumb,” disregarding educa-
tion technology: Teacher quality is equal to the mean quality of the workers’
population. In other words, the mean human capital of teachers is identical
to the mean human capital of the working population at each date. Consid-
ering the feasibility constraint (3), I obtain:

h∗(τ) = h̄, e g (τ) = τ. (9)
Then, property 2 is derived as follows:

PROPERTY 2: In IESs, for all education technologies and in all periods,

(a) Relative teacher quality is fixed to 1 and is independent of the bud-
get; and

(b) The allocation of the budget is inefficient.

The inefficiency in the budget allocation follows from the arbitrary
choice of teacher quality. Other feasible sets of teachers can achieve a higher
level of educational outcome with the same budget. For example, the ed-
ucational outcome level would be higher under EESs. If the budget rises,
according to Equation (9), the additional budget is used to hire more teach-
ers with the same quality on average. Accordingly, the relative teacher quality
does not change, and ηh∗,τ = 0 and ηe g ,τ = 1 for all education technologies.

12 When education technology is quantity intensive, as funds increase, more qualified
workers are added to the teachers sector, so that ηh∗ ,τ > 0. Because these additional teach-
ers are more expensive, only a small portion can be recruited. That is, investment in more
qualified teachers comes at the expense of teacher quantity, the more intensive input. It is
easy to show that ηe g ,τ

+ ηh∗ ,τ
= 1, differentiating the feasibility constraint by τ . Therefore,

with quality-intensive education technology, ηe g ,τ > 1, while in quantity-intensive educa-
tion technology, ηe g ,τ < 1.
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Figure 2: This figure illustrates the relative teacher quality as a function of the tax

rate in EESs and IESs (in some period “t”). The figure qualitatively describes any

choice of parameters given that the education technology is quality intensive (part

A) or quantity intensive (part B; see Properties 1–3). Recall that in EESs, the most

suitable candidates are hired as teachers. If the budget rises, the education system

must “compromise” by hiring less suitable ones. Thus, if education technology is

quality (quantity) intensive, relative teacher quality declines (increases).

Property 3 combines Properties 1 and 2, and Figure 2 illustrates the relation-
ships:

PROPERTY 3: In all periods, with quality- (quantity-) intensive education technol-
ogy,

(a) Relative teacher quality is higher (lower) in EESs than in IESs;

(b) The gap in relative teacher quality between EES and IES diminishes
as the budget increases; and

(c) For all education technologies, in EES (IES) the budget allocation
is efficient (inefficient).
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3.3. The Political Process

The majority vote determines the size of the educational budget—namely,
the tax rate—every period t. Denote the median voter by family name ω = m.
Assuming decreasing returns to teacher quality and quantity, the utility of
the median voter is concave in the tax rate based on the results of the simu-
lations. Thus, the tax rate is single peaked, and the median voter is the de-
cisive voter.13 After the budget is determined, the set of teachers is selected.
Accordingly, the majority of voters know how teacher quality is selected as a
function of the tax rate, h∗(τ) and its elasticity with respect to the tax rate,
ηh∗,τ . Substituting the after-tax income (2) in the utility of the median voter
(4) yields the following:14

u(m) = D(1 − τ)α1(ht+1(m))α2. (10)

Inserting the feasibility constraint (3) into the human capital formation (1)
yields the following:

ht+1(m) = β1ht (m) + β2(h̄t )ητ
γ
t

(
h∗ (τt )

h̄t

)η−γ

. (11)

Maximizing the utility of the median voter (10) subject to Equation (11)
yields the optimal tax rate. In the optimum, the marginal utility from the
public education provided to children is equated to its marginal cost (the
forgone consumption due to the tax burden):(

α1

α2

)(
τ

1 − τ

)
= (γ + ηh∗,τ (η − γ ))

(
β2e γ

gt h
∗η
t

ht+1(m)

)
. (12)

3.4. Political Dynamic Equilibrium

I now incorporate the political process into the equilibrium path. Given the
initial distribution of human capital h0(ω) and the type of the education
system (EES or IES), in each period t,{wt ; h∗

t , e gt ; τt } is a political equilibrium
if it satisfies the following:

(1) The tax rate, τt , is determined according to majority vote.

(2) Given the budget for public education:

Under EESs, the quality and quantity of teachers {h∗
t , e gt } maximize the

next generation’s “stock” of human capital.

13 I describe the numerical examples in Section 0. See a discussion on the conditions for
“voting equilibria” in Gradstein, Justman, and Meier (2005, appendix 4.1, p. 59).
14 Dt = ht (m)α1 (wt )α1 (wt+1(1 − τt+1))α2 groups all the parameters and variables given to the
median voter. The median voter is a price taker in terms of factor rewards; that is, the voter
cannot enforce the tax rate at future dates, and his or her human capital is given.
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Allocation of Resources in Educational Production 15

Under IESs, teacher quality is given by the population’s mean human
capital, and teacher quantity follows from the size of the budget.

(3) Given the provision of public education τt , h∗
t , e gt and the wage rate,

wt , firms maximize profits to hire effective labor {(1 − τt )ht }.
(4) The following market clearing condition holds in all periods:

wt = ϕσ((1 − τt )ht )σ−1. (13)

Equation (13) states the well-known competitive equilibrium condition:
The marginal product of effective labor equals the wage rate. It is easy to
show that equilibrium satisfies the material balance condition in every pe-
riod:

∫
�

c t (ω)dμ(ω) = qt ; that is, the aggregate output equals the aggregate
consumption. In Section 4.3, I extend the model so that the majority of vot-
ers first determine the type of education system.

4. Results

I compare two economies with the same features, except for the qual-
ity of the education system—that is, EESs versus IESs. If the tax rates
are exogenously given, it is easy to prove that the educational achieve-
ments and the median voter’s utility are greater and the income inequal-
ity is lower under EESs because of their efficiency in the budget allocation
(see Properties 1–3).15 However, when tax rates are endogenous, solving
them analytically is too complex. Therefore, I further examine the impli-
cations of existing inefficiencies using numerical examples, described in
Section 4.1 In Section 0, I address the budget puzzle. The majority of vot-
ers may channel more funds to IESs, in case the return to the marginal units
of funding is higher, which helps explain the difficulty in finding budget ef-
fects in the data. Section 4.3 reveals that the majority of voters may actually
prefer IESs in certain circumstances. Section 4.4 shows that in addition to low
educational achievements and high income inequality, other disadvantages
of IESs may include low teacher quality in the long run.

4.1. Numerical Examples

The numerical examples are based on the parameter values and data de-
tailed in this section. I present 10–15 periods. The income distribution is
negatively skewed, a stylized fact observed in many countries. The initial Gini
coefficient is close to the European average, 0.3. Table 1 describes the param-
eter values for the numerical examples: the baseline and, in parentheses, the
deviations from the baseline.

15 The proof is available on request.
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Table 1: Numerical examples: parameter values

Parameter Values
(Deviations from the

Parameters’ Baseline are in Parameters’
Description Brackets) Source

Firms’ pro-
duction

Intensity of
effective labor

σ = 0.7 Mankiw et al. (1992)

Productivity
multiplier

ϕ = 4 Viaene and Zilcha
(2003)

Education
technol-
ogy

Intensities of
teacher quality
and teacher
quantity

η = 0.5, γ = 0.2
(η = 0.5, γ = 0.4)
(η = 0.7, γ = 1)

The parameter values
are between Tamura’s
(2001) estimates,
converted to the
current setup, and
Viaene and Zilcha’s
(2003).

Education
technol-
ogy

Productivity of
home
education and
public
education

β1 = 1.7, β2 = 1.6
(β1 = 1.8)
( β1 = 1.3)

Viaene and Zilcha
(2003)

Utility Weights of
consumption
and altruism

α1 = {0.4 − 0.6},
α2 = 2 (α2 = 1.9)

Orazem and Tesfatsion
(1997), Chanda
(2008), Viaene and
Zilcha (2003) and
estimates of Sickles
and Yazbeck (1998),
converted to the
current setup.

Note: I set the standard parameters according to the literature, as Table 1 describes.
Throughout the study, whenever the parameter values differ from the baseline, I motivate
the deviation in the relevant figure. In addition, the numerical examples fit the evidence
in OECD countries, as Table 2 describes (unless otherwise mentioned).

4.2. The Budget Puzzle

This section aims to analyze the relationship between the size of the budget
and the economic consequences in terms of human capital stocks and in-
come inequality under the two types of education systems. In Sections 4.2.1
and 4.2.2, I identify how the type of education system affects the budget size,
chosen by the majority of voters. In some circumstances, it is optimal for the
majority of voters to channel more funds to IESs than to EESs. Section 4.2.3
highlights that even with a lower budget, EESs perform better than IESs.
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Table 2: Numerical examples: data values
Q6

Data Description Data Values Data Source

Average growth rate of
income

3–4% The data values are similar to the
mean annual growth of GDP in
the United States during
1990–2007, that is, 3% (and
slightly greater than the
average of OECD countries
during 2000–2007: 2.25%).

Average tax rates 10–12% The data values correspond to
OECD countries with low
national expenditure on
primary education per student
as a percentage of GDP. They
correspond to the range that
Viaene and Zilcha (2002)
specify, 0.09–0.15, and to the
range between medium and
high tax rates that Glomm and
Ravikumar (2003) specify,
0.05–0.6.

Note: Note that though I chose the specifications that are more suitable to the literature
and the data, the results are robust to other specifications as well (see, e.g., the comments
in Figure A1).

Section 4.2.4 combines these results to help explain the difficulty in finding
budget effects in the data.

4.2.1. Which education system obtains a larger budget?

Recall that the majority of voters select the tax rate by equating the marginal
cost (the forgone consumption) to the marginal utility from the public edu-
cation provided to children (in Equation (12)). Thus, the majority of voters
channel more funds to the education system with the higher marginal prod-
uct of funds. Two offsetting effects occur on the tax rates in EESs relative
to IESs (see the right-hand side of Equation (12): On the one hand, EESs
are more productive in selecting teachers. Therefore, the portion of pub-

lic education in the human capital formation, β2e γ
gt h

∗η
t

ht+1(m) , is larger under EESs,
which drives the median voter to increase their budgets. On the other hand,
EESs’ marginal product of funds declines. Recall that though the most suit-
able teachers are hired first in EESs, as funds grow, the system must com-
promise by hiring less suitable teachers because of the feasibility constraint
(see Properties 1–3 and Figure 2). That is, while the elasticity of teacher
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quality with respect to the tax rate, ηh∗,τ , is “0” in IESs, ηh∗,τ (η − γ ) < 0 with
either quality-intensive or quantity-intensive education technology in EESs.
The strength of these effects depends on the parameters of the education
technology, the preference structure, and the human capital distribution.

In the baseline set of parameters, described in Section 4.1, the latter
effect dominates. That is, it is optimal for the majority of voters to chan-
nel more funds to an IES rather than to an EES along the equilibrium path
(see Figure A1 in the Appendix). The simulations demonstrate that this phe-
nomenon occurs as a result of the following features:

(1) Public education is sufficiently asymmetric in teacher quality and
teacher quantity (i.e., high values of |η − γ |). It is easy to verify from
Equation (12) that the marginal product of funds in EESs declines
more rapidly in this case.

(2) The median voter (and, thus, the majority of voters) is willing to
invest more funds in public education (see Equation (12))—namely,

(a) Public education is sufficiently productive relative to home educa-
tion (i.e., the ratio β2

β1
is high);

(b) Parents are highly altruistic (i.e., α2 assumes high values); and

(c) The human capital distribution is highly skewed, so that the median
voter is less affluent relative to the mean (i.e., low h(m)

h̄
).

Ceteris paribus, these factors encourage the majority of voters to increase
the educational budget in both regimes (independent of the quality of the
education system; see Equation (12). However, when the budget rises, the
marginal product of funds in EESs further declines (see Figure 2).

Figure A1 in the Appendix illustrates this argument through the follow-
ing exercise: In the baseline case, tax rates under IESs are higher than those
under EESs in all periods. Then, altruism, the relative productivity of public
education, and the asymmetry in teacher quality and quantity are reduced.
Thus, the opposite result occurs: Tax rates under EESs are higher than those
under IESs along the equilibrium path. Note that the additive form of the
education technology (1) is necessary to obtain this result, as the following
Section 4.2.2 shows.

4.2.2. A special case: multiplicative human capital formation

This subsection assumes that education technology is multiplicative:

ht+1(ω) = β2e γ
gt h

∗η
t ht (ω). (14)

In this case,

PROPOSITION 1: With multiplicative education technology (14), tax rates are
always larger under IESs than under EESs along the equilibrium path.
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This occurs because the marginal product of funds in EESs declines. Re-
call that in EESs, as funds grow, the system must hire less suitable teachers.
Note that, in contrast with additive education technology (1), the higher
productivity of EESs in selecting teachers has no effect on the tax rates, be-
cause its substitution and income effects offset each other. Accordingly, the
first-order condition of the median voter (12) becomes:(

α1

α2

)(
τ

1 − τ

)
= γ + ηh∗,τ (η − γ ). (15)

4.2.3. Which education system obtains higher human capital and lower
income inequality along the equilibrium path?

When EESs have a larger budget size than IESs, it is easy to prove the follow-
ing:

PROPOSITION 2: Let the tax rate be higher under EESs than under IESs in every
period t. Then, along the equilibrium path,16

(a) The mean human capital is higher under EESs; and

(b) Income inequality is lower under EESs.

Fact 1: Within the results of the simulations, even with a lower budget size, EESs
continue to achieve more public education, a higher level of human capital to all
agents, and lower income inequality in all periods.17

This highlights the well-documented role of uniformly provided public
education as the “great equalizer.” Figure 3 illustrates the results in Proposi-
tion 2 and Fact 1.

4.2.4. A possible explanation for the budget puzzle

The difficulty of the empirical literature in finding consistent budget effects
on educational achievements is perplexing. The answer to the budget puz-
zle rests on the notion that the optimal budget may vary according to the
quality of the education system. Section 4.2.1 shows that in certain circum-
stances, it is optimal for the majority of voters to channel more funds to IESs
than to EESs. Section 4.2.3 shows that EESs can provide greater educational
outcomes along the equilibrium path despite a smaller budget than IESs. In this
case, the link between educational budgets and achievements is counterin-
tuitive. Thus, budget size matters, but without controlling for the quality of

16 Income inequality is defined in the Appendix (see Definition 5). The proof appears in
the Appendix.
17 Note that this result is not straightforward. Hypothetically, with a higher budget, IESs
could achieve a greater educational outcome despite the inefficiency.
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Figure 3: This figure illustrates the evolution of log-mean human capital and

income inequality over time in the baseline (described in Section 4.1) under EESs

and IESs. The educational outcome is higher and the income inequality is lower

under EESs. This result is robust to any choice of parameters.

the education system, the observed relationship of the educational achieve-
ment to the budget may be inconclusive. Larger budgets do not guarantee
greater achievement, because they cannot compensate for inefficiencies in
the process of allocation of resources.

4.3. Which Education System Do the Majority of Voters Establish?

In this section, I endogenize the type of education system and address a pos-
sible reason voters might tolerate IESs. Assume that the majority of voters
choose which education system to establish in the first period: EES or IES.
Which education system will be implemented?

When their budget size is lower, EESs gain majority support. The me-
dian voter is better off if an EES is implemented because the system reaches
greater educational achievements with a smaller budget (see Fact 1). In other
words, the median voter has “the best of both worlds”: a higher income for
his or her consumption and a higher income for his or her child through
public education. Thus:
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Figure 4: This figure illustrates the evolution of the median voter’s utility over

time under the two education systems: EES and IES. The figure portrays an

economy similar to example (b) in Figure A1. In the short run, the utility of the

median voter is lower in an EES (though after two periods, it exceeds utility in

an IES because of a higher growth rate). Therefore, the majority vote establishes

an IES. According to the simulations, the majority vote implements IESs if the

gap in tax rates between the regimes is at least 10%.

PROPOSITION 3: If along the equilibrium path the tax rates in the EES equilib-
rium case are lower than the tax rates in the IES equilibrium

(a) The mean income is higher along the EES equilibrium; and

(b) The majority of voters in each generation prefer the EES regime.

However, recall that according to Section 4.2.1, for particular education
technologies and preferences, the tax rates along the EES equilibrium are
higher than the tax rates in the IES equilibrium case. As a result, the majority
of voters may actually prefer to establish the IES regime. Figure 4 illustrates
this case.

In this case, establishment of an EES involves an unequal division of cost
and benefit between generations: A significant tax burden is imposed on
earlier generations, while the “fruits” (i.e., a better education for all descen-
dants) are not fully internalized because of limited altruism.18 As a result,
the majority of voters will not implement the EES regime. Note that a central
planner, who considers the discounted sum of utilities in all periods, would
prefer an EES because it amplifies the educational outcome and growth in
the long run.

18 The high tax burden on the current median voter under EES maximizes his or her
utility. However, because this voter’s altruism does not consider subsequent generations,
except for his or her child, he or she is damaged by the decision of the child to undertake
high tax burden on himself or herself to amplify the grandchild’s income.
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Figure 5: This figure illustrates the evolution of teacher quality over time under

the two education systems: EES and IES. Although teacher quality under an EES

is lower in the short run, it exceeds teacher quality under an IES from period 13

onward. The figure depicts an economy similar to the baseline except for the

following features: The education technology is quantity intensive, so that

η = 0.7, γ = 1, and the relative productivity of home education is reduced,

β1 = 1.3. In this case, the average tax rate increases to 45%, still in the range that

Glomm and Ravikumar (2003) specify. Because of the high portion of public

education relative to home education, the Gini coefficient declines more rapidly to

approximately 0.1 in period 6 in both regimes.

4.4. Which Education System Obtains Higher Teacher Quality?

This section reveals another disadvantage of an IES other than low educa-
tional achievements and high income inequality—namely, in the long run it
may produce lower teacher quality than an EES. With quality-intensive tech-
nology, this result is not surprising, because in the EES equilibrium case, a
smaller set of highly qualified teachers is selected to maximize their relative
quality:

PROPOSITION 4:19When education technology is quality intensive, teacher quality
in the EES equilibrium case is higher than in the IES equilibrium in all periods.

However, Figure 5 illustrates that this result may also occur with quantity-
intensive education technology in the long run.The result in Figure 5 is
counterintuitive; with quantity-intensive education technology, in the EES
equilibrium case a large set of low-quality teachers is hired, so that their rela-
tive quality is minimized. Thus, in the first period, because both regimes be-
gin from similar human capital distribution, teacher quality in an EES must
be lower than that in an IES, as Figure 6 illustrates.

19 The proof appears in the Appendix.
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Figure 6: This figure illustrates the evolution of human capital distributions over

time that corresponds to Figure 5. The graph on the left-hand side illustrates the

initial distribution of human capital, and the graph on the right-hand side

illustrates the human capital distributions in an EES and IES in some period t in

the long run. The teachers’ sector in EES is marked in black, and teacher quality

in IES is marked in gray. Although teacher quality under an EES is initially lower,

in the long run the teachers’ sector becomes more qualified than under an IES.

To simplify the exhibition, I illustrate a normal distribution.

However, in the long run, the teachers’ sector is more qualified in the
EES equilibrium case. This is because the human capital distribution evolves
differently in the two regimes over time: In an EES, the population (and,
thus, teachers) becomes relatively more educated and homogeneous than
in an IES along the equilibrium path (see the results in Section 4.2.3.). As
a result, in the long run, even the teachers’ sector, with the least qualified
workers in the population, becomes more qualified than in an IES.

This occurs in Figure 5, as the productivity of home education de-
creases to β1 = 1.3. As a result, in both regimes, the level of public edu-
cation increases relative to home education in the human capital forma-
tion (see Equation (1)). Moreover, public education is further intensified
because the median voter is willing to increase the educational budget (see
Equation (12)). Because of the high portion of public education relative
to home education, the income inequality declines more rapidly over time.
Therefore, in an EES the teachers’ sector becomes closer to the mean and
thus has higher quality than in an IES. Note that according to the simula-
tions, the result in Figure 5 also occurs under other parameterizations that
increase the median voter’s desire to invest in public education (see Equa-
tion (12)), such as greater parent altruism (i.e., higher α2) or more produc-
tivity of public education (i.e., higher β2).

5. Conclusion

Much of the empirical evidence suggests that the effect of the educational
budget on the educational outcome is questionable. This perplexing finding
can be rationalized when considering that the degree of efficiency in the al-
location of the budget may vary across and within countries over time. This
issue has been studied here within a dynamic political equilibrium frame-
work. I assume that allocation decisions can be either efficient (EES) or
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inefficient (IES) and that the size of the budget is predetermined accord-
ing to majority voting. For conventional parameters, the marginal product
of the educational funds under an EES may be lower than that under an
IES. In this case, the majority of voters channel lower budget sizes to the
EES. Nevertheless, comparison of their educational outcomes shows that
an EES outweighs an IES, despite its reduced budget. This indicates that bud-
get matters; however, without controlling for the “quality” of the education
system, the attained link of the educational outcomes to budgets may be
indecisive. In addition, for particular education technologies and prefer-
ences, welfare in an EES is lower than that in an IES in the short run be-
cause of a higher tax burden. As a result, when the majority of voters choose
the quality of the education system, they may actually prefer to establish
an IES. Furthermore, in addition to its lower educational outcome, an IES
may result in higher income inequality and lower teacher quality in the long
run.

Note that an EES implies a corner solution in the framework. That is, as
mentioned previously, teachers are either the best or the worst workers in the
distribution. A corner solution can be prevented if the assumptions regard-
ing labor supply are revisited or if some minimum qualification is required to
become a teacher. These modifications complicate the model without a qual-
itative contribution to the results. Thus, they are not applied in the model.

Also note that the model’s education technology allows for convergence
to balance growth, in line with the endogenous growth literature, as well
as steady states with constant mean human capital or convergence to steady
states (depending on the parameters of the human capital formation). The
parameters in the simulations were chosen in a way that guarantees the lat-
ter, because this study focuses on comparing the dynamic equilibrium paths
toward steady states (rather than examining steady states only) and because
I believe that parents cannot transfer more knowledge to their children than
their own. The results also should hold in the case of a more general endoge-
nous growth model.

Appendix
Q7

The extended version of the model (broadly analyzed in the work of Hatsor
2008):

The production function of human capital for agent ω ∈ Gt+1 incorpo-
rates his random innate ability determined at birth, θt (ω), and the time allo-
cated for his home education, e t (ω):

ht+1(ω) = θt (ω)[β1e t (ω)ht (ω) + β2e γ
gt h

∗n
t ]. (A1)

Given the provision of public education, each agent in the working pe-
riod chooses savings for retirement and allocates time between self-educating
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Figure A1: This figure illustrates the tax rates over time under the EES and IES

equilibrium cases: (a) is the baseline. In this case, in all periods the tax rate

under an IES is higher than that under an EES. The numerical example (b)

illustrates the opposite case—namely, in all periods the tax rate under EESs is

larger than that under IESs. This economy is similar to the baseline except for

the following features: altruism, the relative productivity of public education, and

the asymmetry in teacher quality and quantity are reduced. I have conducted

similar exercises using other parameterizations, and this argument has proved

robust. For example, it is sufficient to reduce the altruism to α2 = 1.85 or to

increase the productivity of home education to β1 = 3 to obtain larger tax rates

under EESs along the equilibrium path. Moreover, this argument also holds with

quantity-intensive technology. Note that the fluctuations around the trend are a

result of the limitations of the numerical solution of optimal tax rates and have

no economic meaning.

the child, e t (ω), and leisure to maximize lifetime utility:

Max
e t,s t

ut (ω) = c1t (ω)a1c2t (ω)a2 yt+1(ω)α3[1 − e t (ω)]α4

s.t.

c1t (ω) = yt (ω) − st (ω) ≥ 0

c2t (ω) = (1 + rt+1)st (ω),

where c1t (ω) and c2t (ω) are current and future consumption, respectively;
st (ω) represents savings; 1 − e t (ω) denotes leisure; and rt+1 is the current
interest rate.

The production function of firms includes physical capital borrowed in
period t − 1, kt :

qt = ϕkσ
t [(1 − τt )ht ]1−σ , for 0 < σ < 1. (A2)
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Proof of Property 1(a): Assume γ < η(γ > η). Under an EES, it is not optimal
for teacher quality to be equal to the population mean, because then every
worker would become a teacher and no one would produce the consumption
good. Similarly, teacher quality lower (higher) than the population mean is
not sustainable. (Recall that for an EES, if an agent is a teacher, all agents
with higher (lower) human capital are also teachers.) Thus, teacher quality
must be higher (lower) than the mean. �

DEFINITION 5: Consider two income distributions represented by the random vari-
ables X and W. Variable X is more equal than W if the Lorenz curve corresponding to
X is anywhere above that of W.20 “X is more equal than W” is denoted by X >> W .

According to Karni and Zilcha (1994):

(a) Assume X and W are random variables on compact intervals in R.
Assume Z is a positive random variable, so that the smallest segment
that contains its values is a compact set. If Z is independent of X and
W , then X >> W ⇒ ZX >> ZW .

(b) Assume W is a random variable. If A > B, then α(A + W ) >> β(B +
W ) for all positive α, β.

Proof of Proposition 2:

(a) Using Equation (8), the gap in mean human capital between both
regimes is given by the following:

h̄EES
k+1 − h̄IES

k+1 = β1
(
h̄EES

k − h̄IES
k

)+ β2

(
(h̄EES

k )η
(
τ EES

k

)γ ( h∗E E S
k

h̄EES
k

)η−γ

− (h̄IES
k )η

(
τ IES

k

)γ ( h∗I E S
k

h̄IES
k

)η−γ
)

> 0.

Using Property 3(a), it is easy to show by induction that an EES achieves
higher mean human capital.

(b) It is easy to show by induction that an EES achieves lower income
inequality using the results in Karni and Zilcha (1994), Property
3(a), and Proposition 2(a):

20 Thus, if X is more equal that W, it has a lower Gini coefficient. According to Atkinson
(1970), a larger Lorenz curve is equivalent to second-degree stochastic dominance.
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hEES
k+1(ω) = β1hEES

k (ω)︸ ︷︷ ︸
W EES

k

+β2(h̄EES
k )η

(
τ EES

k

)γ (h∗E E S
k

h̄EES
k

)η−γ

︸ ︷︷ ︸
Ak

>> hIES
k+1(ω)

= β1hIES
k (ω)︸ ︷︷ ︸

W IES
k

+β2(h̄IES
k )η

(
τ IES

k

)γ (h∗I E S
k

h̄IES
k

)η−γ

︸ ︷︷ ︸
Bk

. �

Proof of Proposition 3:

(a) It is easy to prove that the current mean income is the product of
effective labor in the current and previous periods. Effective labor is
greater under the EES equilibrium case because of its higher mean
human capital (according to Fact 1) and its lower tax rates.

(b) Because the income distribution is more equal under the EES equi-
librium case in all periods (according to Fact 1), for each 0 < α < 1,
the percentage of the total income received by the lower income
100α% is higher in this regime. In addition, the aggregate income
in each generation is higher in all periods (according to Proposi-
tion 3(a)). Thus, the income of each person in the lower income
50% and the income of his or her child are higher under the EES
equilibrium. �

Proof of Proposition 4: Using the results in Property 1(a), Proposition 2(a),
Fact 1, and Equation (9), respectively, under an EES, teacher quality is higher
than the population mean, which is greater than the population mean under
an IES, which in turn is identical to its teacher quality. That is, h∗(τ)EES >

h
EES

> h
IES = h∗(τ)IES . �

References

AARONSON, D., L. BARROW, and W. SANDER (2007) Teachers and student
achievement in the Chicago public high schools, Journal of Labor Economics 25. Q8

ALESINA, A., and G. TABELLINI (2004) Bureaucrats or politicians?, CEPR Discus-
sion Paper Series, WP no. 5242, Mimeo.

ALESINA, A., and G. TABELLINI (2005) Why do politicians delegate?, NBER Work-
ing Paper Number 11531, Mimeo.

ALTINOK, N., and G. KINGDON (2009) New evidence on class size effects: A pupil
fixed effects approach, CSAE Working Paper WPS/2009–16, Centre for the Study
of African Economies, University of Oxford, Oxford.

ANGRIST, J. D., and V. LAVY (1999) Using Maimonides’ rule to estimate the effect
of class size on scholastic achievement, Quarterly Journal of Economics 114(2),
533–575.



jpet12087 W3G-jpet.cls February 21, 2014 11:34

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

28 Journal of Public Economic Theory

ATKINSON, B. A. (1970) On the measurement of inequality, Journal of Economic The-
ory 2(3), 244–263.

BECKER, G. S. (1975) Human Capital . New York: NBER and Columbia University
Press.

BEHRMAN, J. R., A. D. FOSTER, M. R. ROSENZWEIG, and P. VASHISHTHA (1999)
Women’s schooling, home teaching, and economic growth, Journal of Political
Economy 107(4), 682–714.

BEN DAVID, D. (2003) A socio-economic perspective of Israel’s education system in
an era of globalization, Israel Quarterly Journal of Economics 27–104.Q9

BRUNELLO, G., and D. CHECCHI (2003) School quality and family background in
Italy, Working Paper 705, IZA, Bonn, Germany.

CARD, D., and A. B. KRUEGER (1992) Does school quality matter? Returns to edu-
cation and the characteristics of public schools in the United States, The Journal
of Political Economy 100(1), 1–39.

CARDAK, B. A. (1999) Heterogeneous preferences, education expenditures and in-
come distribution, Economic Record 75(1), 63–76.

CARDAK, B. A. (2004) Education choice, endogenous growth and income distribu-
tion, Economica 71(281), 57–81.

CHANDA, A. (2008) The rise in returns to education and the decline in household
savings, Journal of Economic Dynamics & Control 32, 436–469.

CLOTFELTER, C., H. LADD, and J. VIGDOR (2007) How and why do teacher
credentials matter for student achievement?, NBER Working Paper Number
w12828.

CUNHA, F., J. J. HECKMAN, L. LOCHNER, and D. V. MASTEROV (2005) Interpret-
ing the evidence on life cycle skill formation, IZA Discussion Paper No. 1675.

DRAZEN, A. (2001) Political Economy in Macroeconmics. Princeton University, pp. 686–
690.Q10

ECKSTEIN, Z., and I. ZILCHA (1994) The effects of compulsory schooling on
growth, income distribution and welfare, Journal of Public Economics 54, 339–359.

GILPIN, G., and M. KAGANOVICH (2012) The quantity and quality of teachers:
Dynamics of the trade-off, Journal of Public Economics 96(3–4), 417–429.

GLOMM, G., and B. RAVIKUMAR (1992) Public versus private investment in human
capital: Endogenous growth and income inequality, Journal of Political Economy
100, 818–834.

GLOMM, G., and B. RAVIKUMAR (2003) Public education and income inequality,
European Journal of Political Economy 19(2), 289–300.

GOLDHABER, D., and E. ANTHONY (2007) Can teacher quality be effectively as-
sessed? National Board Certification as a signal of effective teaching, Review of
Economics and Statistics 89, 134–150.

GRADSTEIN, M., M. JUSTMAN, and V. MEIER (2005) The Political Economy of Educa-
tion: Implications for Growth and Inequality. Cambridge, MA: MIT Press.

GUNDLACH, E., and L. WOESSMANN (2001) The fading productivity of schooling
in East Asia, Journal of Asian Economics 12(3), 401–417.

GUNDLACH, E., L. WOESSMANN, and J. GMELIN (2001) The decline of schooling
productivity in OECD countries, Economic Journal 111(471), C135–C147.

HANUSHEK, E. A. (1986) The economics of schooling: Production and efficiency in
public schools, Journal of Economic Literature XXIV, 1141–1177.

HANUSHEK, E. A. (2003) The failure of input-based schooling policies, Economic
Journal 113, F64–F98.



jpet12087 W3G-jpet.cls February 21, 2014 11:34

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Allocation of Resources in Educational Production 29

HANUSHEK, E. A., and D. D. KIMKO (2000) Schooling, labor-force quality, and the
growth of nations, The American Economic Review 90(5), 1184–1208.

HANUSHEK, E. A., and L. WOESSMANN (2010) The economics of international
differences in educational achievement, NBER Working Paper Number w15949.

HATSOR, L. (2008) The allocation of public education resources, Working Paper No.
#1–08, The Foerder Institute for Economic Research and The Sackler Institute
of Economic Studies.

HAVEMAN, R., and B. WOLFE (1995) The determinants of children’s attainments: A
review of methods and findings, Journal of Economic Literature 33(4), 1829–1878.

HOXBY, C. M. (2000) The effects of class size on student achievement: New evidence
from population variation, Quarterly Journal of Economics 115(4), 1239–1285.

JEPSEN, C., and S. RIVKIN (2002) What is the tradeoff between smaller classes and
teacher quality?,NBER Working Paper Number w9205.

KARNI, E., and I. ZILCHA (1994) Technological progress and income inequality: A
model with human capital and bequests, in The Changing Distribution of Income in
an Open US Economy ,J. Bergstrand et al. eds., Amsterdam: North Holland, pp.
279–297. Q11

KNIGHT, J., and L. I. SHI (1996) Educational attainment and the rural-urban divide
in China, Oxford Bulletin of Economics & Statistics 58(1), 83–117.

KREMER, M. R. (1995) Research on schooling: What we know and what we don’t: A
comment on Hanushek, The World Bank Research Observer 10, 247–254.

KRUEGER, A. B. (1999) Experimental estimates of education production functions,
Quarterly Journal of Economics 114(2), 497–532.

LAKDAWALLA, D. (2001) The declining quality of teachers, NBER Working Paper
Number w8263.

LAM, D., and S. DURYEA (1999) Effects of schooling on fertility, labor supply, and
investments in children, with evidence from Brazil, The Journal of Human Resources
34(1), 160–192.

LAZEAR, E. P. (2001) Educational production, The Quarterly Journal of Economics
116(3), 777–803.

LEE, J. W., and R. J. BARRO (2001) Schooling quality in a cross-section of countries,
Economica 68, 465–488.

LOURY, G. C. (1981) Intergenerational transfers and the distribution of earnings,
Econometrica 49(4), 843–867.

MANKIW, N. G., D. ROMER, and D. N. WEIL (1992) A contribution to the empirics
of economic growth, The Quarterly Journal of Economics 107 (2), 407–437.

OECD (2005) Teachers matter: Attracting, developing and retraining effective teach-
ers, ISBN-92–64–0182–6. Q12

ORAZEM, P., and L. TESFATSION (1997) Macrodynamic implications of income-
transfer policies for human capital investment and school effort, Journal of Eco-
nomic Growth 2, 305–329.

RIVKIN, S., E. A. HANUSHEK, and J. KAIN (2005) Teachers, schools and academic
achievement, Econometrica 73, 417–458.

ROCKOFF, J. E. (2004) The impact of individual teachers on student achievement:
Evidence from panel data, The American Economic Review 94(2), in Papers and
Proceedings of the One Hundred Sixteenth Annual Meeting of the American
Economic Association, San Diego, CA, January 3–5, 247–252. Q13

SAINT-PAUL, G., and T. VERDIER (1993) Education, democracy and growth, Journal
of Development Economics 42, 399–407.



jpet12087 W3G-jpet.cls February 21, 2014 11:34

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

30 Journal of Public Economic Theory

SICKLES, R. C., and O. YAZBECK (1998) On the dynamics of the demand for leisure
and the production of health, Journal of Business and Economic Statictics 16(2),
187–197.

TAMURA, R. (2001) Teachers, growth and convergence, The Journal of Political Econ-
omy 109(5), 1021–1059.

VIAENE, J. M., and I. ZILCHA (2002) Public education under capital mobility, Jour-
nal of Economic Dynamics and Control 26(12), 2005–2036.

VIAENE, J. M., and I. ZILCHA (2003) Human capital formation, income inequality
and growth, in Growth and Inequality: Issues and Policy Implications, T. Eicher and
S. Turnovsky, eds. Cambridge: MIT Press, pp. 89–118.

VIAENE, J. M., and I. ZILCHA (2009) Human capital and inequality dynamics: The
role of education technology, Economica 76, 760–778.



jpet12087 W3G-jpet.cls February 21, 2014 11:34

Queries

Q1: Author: Please provide complete affiliation address for the author.

Q2: Author: Please check the acknowledgment section as typeset for
correctness.

Q3: Author: Reference “Gilpin and Kaganovich (2009)” has been
changed to “Gilpin and Kaganovich (2012)” so that it matches the
Reference List. Please check.

Q4: Author: Please check the term “Section 0” appearing throughout
the article for correctness.

Q5: Author: Please check the captions of Figures 1–6 as typeset for cor-
rectness.

Q6: Author: Please provide table 2 citation in the text.

Q7: Author: Please check the “Appendix” section as typeset for correct-
ness.

Q8: Author: Please provide complete page range for reference Aaron-
son et al. (2007).

Q9: Author: Please provide volume no. for reference Ben David
(2003).

Q10: Author: Please provide publisher location for reference Drazen
(2001).

Q11: Author: Please provide the names of all the editors for reference
Karni and Zilcha (1994).

Q12: Author: Please provide complete bibliographic details for refer-
ence OECD (2005).

Q13: Author: Please check reference Rockoff (2004) as typeset for cor-
rectness.




