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Abstract

Public education is usually seen as having at least two desirable effects: fos-
tering economic growth and reducing income inequality. This paper revisits both
relations in a single model of occupational choice with an endogenous supply of
teachers. First, we show that the impact of public education expenditures on eco-
nomic growth depends both on the level of these expenditures and the shape of the
human capital distribution. Our results suggest that empirical studies of the role of
public education on growth should control for higher-order moments of the human
capital distribution. Second, our model shows that the relationship between public
education spending and income inequality can be U-shaped. We provide empirical
evidence for this U-shaped relationship in a cross-section of countries and across US
states. We calibrate our model and show that some countries could spend more on
public education to yield faster growth and less income inequality.
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1 Introduction

Public education is one of the biggest items of public spending across the world. Govern-
ments in Northern America and Western Europe spent an average of 5.2% of GDP on all
levels of education in 2009, while in other regions of the world, this rate ranged between
3.6% and 5.0% of GDP (UNESCO (2011)). The public sector is a major provider of edu-
cation at all levels. In primary and secondary education, the enrollment rate of students
in public schools in 2013 exceeded 80% in OECD countries on average (92% in the U.S.).
In tertiary education, on average, 70% of students (72% in the U.S.) were enrolled in
public institutions in 2013 (OECD 2015).

Robust evidence shows that investment in education, an important input of the accu-
mulation of human capital, has positive effects on individual earnings. Following Mincer
(1974), a large body of literature has empirically investigated the return to education
and found a positive association between years of schooling and earnings.! Empirical
evidence also tend to demonstrate that education attainment is positively correlated with
aggregate income growth.? Public education can be used as an instrument to sustain
economic growth and correct for market inefficiencies arising from human capital exter-
nalities (Lucas (1988), Azariadis and Drazen (1990) and Romer (1990)) or credit market
imperfections (Galor and Zeira (1993)).® In addition, public education is also perceived
as reducing income inequality. By providing the same level of schooling to everyone re-
gardless of parental income, public education could be used as a policy tool to reduce
income inequality. Such a negative relationship between investment in public education
and income inequality is explored theoretically by Glomm and Ravikumar (1992), Saint-
Paul and Verdier (1993), Eckstein and Zilcha (1994) and Zhang (1996).* Braun (1988),
Goodspeed (2000), Sylwester (2002) and Keller (2010) provide empirical evidence in favor

of a negative relationship between public education expenditures and income inequality.

In contrast to the existing literature, we document a U-shaped relationship between pub-

lic education spending and income inequality. This suggests that a higher level of public

1See for instance Card (1999) and Krueger and Lindahl (2001) for a discussion of empirical evidence.

2Evidence of the role of human capital and schooling on economic growth can be found among others
in Barro (1991), Mankiw, Romer, and Weil (1992), Benhabib and Spiegel (1994), Barro (2001), Cohen
and Soto (2007) and Sunde and Vischer (2015).

3Blankenau, Simpson, and Tomljanovich (2007) find empirical evidence for a positive relationship
between public education expenditures and economic growth.

4An exception is Glomm and Ravikumar (2003) who show that the effect of higher public education
expenditures on income inequality may be positive in the short run. They nevertheless obtain a positive
association in the long run.



education spending is not necessarily associated with lower income inequality (Table 1).
This result is obtained from OLS regressions of income inequality on education spending
as a share of GDP and its squared value in a cross-section of countries.> The convex rela-
tionship between public education spending and inequality is robust to controls and holds
for different measures of inequality.® We can notice that all regressions in Table 1 predict
that the minimum inequality is attained ceteris paribus for a level of public education
expenditures around 4% of GDP.” The 25th, 50th and 75th percentiles of public educa-
tion expenditures are respectively 3.26%, 4.35% and 5.44%. In Figure 1 and regressions
(i) to (vi) in Table 2, we report the same U-shaped relationship from OLS regressions for
contiguous US States (all US States excluding Alaska and Hawaii and including District

of Columbia).?

In this context, the contribution of our paper is twofold. First, we propose an overlapping
generations model of endogenous growth through human capital accumulation in which
the quality of education is determined endogenously. A recent body of literature has
highlighted the importance of education quality in explaining differences in income both
between individuals and between countries. When the quality of education differs from
one country to the other, school attainment (or years of schooling) is not an appropriate
measure of relative human capital. Hanushek and Kimko (2000), Hanushek and Woess-
mann (2012) and Hanushek and Woessmann (2015) further show that differences in the
quality of education can also explain variation in economic growth rates across countries.
This suggests that factors affecting the quality of education (and not only years of school-
ing) should be taken into consideration when analyzing the role of education on economic
growth.? In this paper, we propose to model the supply side of education in a model of oc-
cupational choice focusing on public education.’® In particular, agents are heterogeneous

in terms of their human capital and can become workers, managers or teachers. When

50ur dataset includes both developing and developed countries with available data between 1991 and
2010.

6See Appendix A.1 for a description of the control variables.

"More precisely, between 3.99% and 4.78% of GDP.

8Data is described in Appendix A.2.

9In a recent paper, Manuelli and Seshadri (2014) show that a large share of TFP differences across
countries can be explained by differences in human capital when agents can choose both the number of
years of schooling but also the amount of human capital acquired per year of schooling.

00ur model shares some features with the recent growth literature with heterogeneous agents and
occupational choice developed by Lucas (2009), Eeckhout and Jovanovic (2012), Alvarez, Buera, and
Lucas (2013), Lucas and Moll (2014), Perla and Tonetti (2014) and Luttmer (2014). They develop
growth mechanisms based on knowledge diffusion but never consider educators as a distinct occupation

group.



Dep. var.: Top 10% Top 20%  10/10 ratio 20/20 ratio gini gini SWIID
pub. educ. -4.713%* -4.988** -991.3 -446.2%* -5.37TH* -4 28K
(2.112) (2.107) (641.2) (216.6) (2.582) (1.712)
pub. educ.? 58.14%* 60.49** 12410.2* 5358.6%* 66.72%* 50.52%%*
(24.27) (23.87) (6561.3)  (2340.7) (28.81) (19.38)
GDP ($1000) -0.00520**  -0.00506** -1.309* -0.466** -0.00509°* 0.00101
(0.00221) (0.00232) (0.683) (0.231) (0.00280) (0.00256)
GDP? 0.0000156  0.0000118 0.00574 0.00161  -0.00000727  -0.0000690
(0.0000352)  (0.0000362)  (0.00947) (0.00341)  (0.0000437)  (0.0000454)
growth -0.394 -0.306 -73.73 -26.35 -0.414 -0.0778
(0.299) (0.315) (107.7) (36.01) (0.393) (0.301)
school 0.000478 0.000858 1.096 0.191 0.00158 -0.00150
(0.00346)  (0.00349)  (0.990) (0.329)  (0.00430)  (0.00328)
pub.exp. -0.197 -0.215 -55.91 -8.500 -0.336 0.167
(0.194) (0.208) (54.16) (20.77) (0.255) (0.185)
open -0.0146 -0.0103 -2.631 -1.096 -0.0106 -0.0195
(0.0211)  (0.0222) (7.823) (2.350) (0.0274) (0.0191)
cwil right -0.0202%F*  _0.0214***F 5. 117*** -1.917*F* -0.0260%** -0.0218%**
(0.00561) (0.00593) (1.674) (0.572) (0.00721) (0.00601)
priv.cred. 0.0604** 0.0584** 19.62%* 6.505%* 0.0655%* 0.0412
(0.0240) (0.0264) (8.660) (2.674) (0.0326) (0.0269)
pop. growth 2.586%** 2.740%** 579.6%* 204.3%** 3.397H** 1.958%*
(0.713) (0.708) (228.1) (68.97) (0.854) (0.763)
Constant 0.493%** 0.652%** 51.65%* 23.68%** 0.611%** 0.597***
(0.0627)  (0.0655) (21.12) (7.119) (0.0812) (0.0550)
Observations 118 116 118 116 116 118
R? 0.45 0.43 0.22 0.28 0.42 0.27

Table 1: Country OLS regressions.
Notes: Robust standard errors in parentheses. *, ** and *** respectively denote significance at the 10%, 5% and 1% level.
Variables are described in Appendix A.1 and are averaged over the period 1991-2010.



young, agents go to school and build their human capital. Teachers’ relative wage in the
economy endogenously determines the quality of education (teachers’ human capital) and
affects the growth rate of the economy.!! We derive an explicit relationship between the
growth rate of the economy and teacher quality, which has potential implications for em-
pirical research. Current empirical work on the link between public education (measured
by public education expenditures as a share of GDP) and economic growth finds mixed
results.!?  Our model suggests that such empirical work should control for the quality
of the educational sector. In particular, we show that economies with a higher level of
inequality (measured by the variance of the human capital distribution) can generally
attract relatively better teachers for a given level of public education spending. This
implies that one should control for higher-order moments of human capital distribution
when investigating the relationship between public education expenditures and the rate

of economic growth.

Our second contribution relates to the role of public education in mitigating income
inequality. The increase in income inequality since the late 1970s has recently attracted a
lot of attention both in academic and policy circles.'®> The role of several public policies
in shaping the evolution of income inequality has been investigated in the literature.'* In
this paper, we theoretically show that investment in public education does not necessarily
decrease income inequality. An increase in the relative wage of teachers, financed by
higher public education expenditures, augments teacher quality and increases the speed
of human capital accumulation and growth, but can also lead to higher levels of inequality
in the long run.’ Figure 2 and OLS regressions (vii) to (xii) in Table 2 show that the same
U-shaped relationship holds between inequality and education quality (as measured by
teacher wage) across US states. Our model identifies several forces which can potentially
lead to such a result. Introducing an endogenous supply of teachers together with the non-
degenerate distribution of individual human capital and the complementarity of workers

and manager skills allows for a non-monotone effect of public education spending on

1See Hanushek and Rivkin (2010) for a literature review of the positive impact of higher teacher’s
quality on students’ achievement and earnings.

12Gee for instance Levine and Renelt (1992), Easterly and Rebelo (1993) and Blankenau, Simpson, and
Tomljanovich (2007).

13See for instance Katz et al. (1999) for a discussion of recent changes in wage dispersion and Piketty and
Saez (2003) and Alvaredo, Atkinson, Piketty, and Saez (2013) for the evolution of top income inequality.

1See for instance Piketty, Saez, and Stantcheva (2014) and Guvenen, Kuruscu, and Ozkan (2014) for a
discussion of the role of income taxation and David, Manning, and Smith (2016) and Card and DiNardo
(2002) for minimum wage.

15Card and Krueger (1992) use teacher wages to measure education quality and find a positive corre-
lation between education quality and return to education.



income inequality.

The effect of a change in public education expenditures affects the shape of human capital
distribution (through altered education quality) as well as occupational choice. Keeping
the distribution of human capital and the mass of agents in each occupation fixed, an
increase in education expenditures (financed by an increase in taxation) results in a lower
demand for workers which leads to a downward pressure on wages and increased inequality.
On the other hand, profits are also negatively affected by an increase in tax which tends
to decrease inequality. In addition, changes in relative wages lead agents to make different
occupational choices. The mass of workers and managers decreases which affects relative
wages. A lower supply of workers leads to higher wages while fewer managers decreases
the demand for workers, and hence puts downward pressure on wages. Eventually, the
reallocation of agents to teaching modifies the shape of human capital distribution. The
overall effect of an increase in education expenditures on income inequality depends on
which effects dominate. We find a U-shaped relationship between education expenditures
and income inequality for some parameter sets. This implies that for low level of public
education, better education quality benefits the poor relatively more while the reverse
happens at high initial levels of public education expenditures. The policy implication
is the following: if a country is on the decreasing part of the U-shaped relationship,
it can increase public spending to foster growth and reduce income inequality. In this
case, growth and reduction in income inequality go hand in hand. If a country is on the
increasing part of the U-shaped relationship, there is a tradeoff between growth and the
reduction in inequality. Calibrating our model for 8 OECD countries, we find that some
countries (among which the US) could increase growth and decrease income inequality by

increasing public education spending.

The remainder of the paper is organized as follows. Section 2 presents the static model of
occupational choice between three occupations (worker, teacher and manager). Section 3
embeds this occupational choice in a dynamic model in which growth is driven by human
capital accumulation. Section 4 calibrates the model on data from 8 OECD countries.

Section 5 concludes.
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Figure 1: Public education expenditures and inequality (US states)

2 A static model of occupational choice

For expositional purposes, we start with a static (one-period) model of occupational

choice. We embed this static model in an overlapping generations structure in Section 3.

Agents can choose between three different jobs: worker, teacher and manager. There is a
measure one of agents in the economy and they are heterogeneous in their level of human

capital (h) with cdf F': Ry — [0,1]. There is a single consumption good in the economy.

2.1 The Agent problem

The choice of occupation by agents is driven by the return to the three potential jobs
which is itself a function of human capital. We assume that agents cannot perform more
than one job. If an agent decides to become a worker, she inelastically supplies one unit
of labor and receives a wage w which is determined endogenously. A teacher receives a
wage w’. Teachers do not directly participate in production. Firms produce output by

combining one manager with a set of workers. A firm’s production is determined by the
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Figure 2: Public education expenditures and teacher wages (US states)

manager’s span of control as in Lucas (1978). The production function of a manager with

a level of human capital h is given by:

y(h) = Ahn(h)® (1)

where A is the productivity parameter common to all managers, o € (0,1) and n(h) is

the labor demand of a firm employing a manager with human capital h.

The profit function for the firm as a function of the managers’ level of human capital A is
then given by:

w(h) = A(1 — 7)hn(h)* — wn(h) (2)

where w is the wage paid to workers and 7 is a tax on production.'® This tax is used by
the government to finance public education spending and in particular to pay teachers’

wages.

Profit maximization implies the following labor demand:

16This implies that the tax distorts the demand for workers by managers. Imposing a tax on income
instead does not qualitatively change our results. In particular, a model with an income tax can also
generate a U-shaped relationship between public education and inequality.



and associated profit:

o

7(h) = (1= ) [(1 = ) An ™= (2)7° (4)

w

The profit of managers is convex in the level of human capital, decreasing in the level of
the tax and limy_,om(h) = 0. We assume that the profit of the firm is entirely paid to
managers as wage.!” In the remainder of the paper, a manager’s wage and the profit of

her firm are used interchangeably.

We assume the following utility function:

u(c,h) = c—1pvy(h) (5)

where ¢ is consumption, 11 takes the value one if the agent is a teacher and zero otherwise
and y(h) is a utility cost of working as a teacher.'® We assume that this cost is strictly
decreasing and strictly convex in the level of human capital with lim,_,oy(h) = oo and
limy, o y(h) = 0.

Agents consume their wage or profit so that the utility for an agent with human capital

h associated with the three occupations is given by:

u(h) = w as a worker (6)
u’'(h) = w? — v(h) as a teacher ) (7)
uM(h) = (1 —a)[(1 - T)Ah]ﬁ (%) " as a manager

(8)

ITThis is obtained if we assume that there is free-entry of firms competing for managers. In this case,
any manager with human capital h works for a firm which offers a wage equal to the maximum profit that
a manager with human capital h can generate. All firms consequently make no profit in equilibrium. In
addition, any bargaining procedure that results in managers receiving a fixed share of the profits would
not change our results qualitatively if each agents holds the same portfolio of firms’ shares.

18This could, for instance, reflect the formal requirement of a particular degree in order to teach in
public schools.

10



Agents choose the occupation which gives the highest utility given their level of human

capital.

2.2 Government budget constraint

We assume that the government has a single role in our economy. It levies a proportional
tax (7) on the production of managers whose revenues are used to pay teachers’ wages

(w”). We assume that the government budget is balanced so that:

/T wldF(h) = / ry(h)dF(h) 9)

M
where T and M respectively stand for the sets of teachers and managers in the economy.

Using the optimal labor demand function in Equation (3), we can write:

(o3

AT (850277 [ nT aF(h)
I dF ()

2.3 Equilibrium conditions

In order to derive the equilibrium conditions, we first show that the distribution of agents
over occupations for given wages for workers (w) and teachers (w?) can be summarized
by two cutoffs hy and hys (hy < hyr). Agents with human capital respectively below hy,
(above hys) choose to be workers (managers) and agents with human capital between hy,
and hys choose to be teachers. We then show that the condition w? > w + (7~ (w)) has
to hold in any equilibrium. This implies that, in equilibrium, there is a positive mass of

agents working in each occupation and that teachers receive a higher wage than workers.

Proposition 1 Given wages (w > 0 and w? > 0) and a human capital distribution with
support R the optimal occupational choice of agents is defined by two cutoffs (hy >
hw ). Agents with human capital below hy become workers and agents with human capital
between hy and hyy become teachers. Agents with human capital above hyy work as

managers.

11



Proof:  The proof starts from the limit behavior of the utility function under the three
different occupations. For workers, the utility function is flat at w > 0. For teachers and

managers, we have:

lim u” (k) = —oc0 and lim u” (h) = w’ (11)
h—0 h—o00
lim v (h) = 0 and lim u™(h) = oo (12)
h—0 h—o0

This implies:
. w . M . T
}ILILI(l) u” (h) > }LILIEI) u (h) > ]IL% u (h) (13)
lim v (h) > lim u”(h) > lim «"(h) (14)
h—o0 h—o0 h—o0

Since wages are strictly positive, teacher and manager wages are continuously and mono-
tonically increasing in human capital, teacher wage is strictly concave and profits strictly
convex, which proves the existence of two cutoffs. First, there exists a cutoff (hy > 0)
up to which agents find it optimal to become workers. There also exists another cutoff
(har > hyw) above which agents decide to become managers. This implies that only agents
in the middle of the human capital distribution (between hy and hj;) want to become
teachers. To have a strictly positive mass of agents working as teachers, two conditions
are needed: first, the wage of teachers (wr) must be strictly greater than that of workers
since teachers suffer a positive utility cost and, second, the utility of working as a teacher
with human capital hy (i.e. w) must be strictly greater than the profit of a manager
with the same level of human capital i.e., we need the teacher utility function to intersect
w before the profit function (both teacher utility and profit intersect the worker wage
function only once):'?

W ={h:w=uw"—~vh")} <h™ ={h:w=mrh")} (15)
w’ > w+y(nH (w)) (16)

If Equation (16) is satisfied, h* = hy > hj; and there is a positive mass of teachers in the

economy. Otherwise, hyy = hjs and there are workers and managers only in the economy.

|

9Gince teacher utility and profits are monotonically increasing functions of human capital, w > 0,
lim u”'(h) = —occ and lim u™(h) = 0.
h—0 h—0

12



Static Equilibrium Definition: Given a distribution of human capital F : RT — [0, 1]

and a tax rate (1), a static equilibrium is a collection of wages (w, w?, w(h)), cutoffs
(hw, har), demand for workers (n(h)), and final good production (y(h)) such that:

1. Given wages, firms mazximize profit.

2. Given wages, agents mazrimize utility by following a cutoff strategy in which agents
with human capital in [0, hy ) become workers, agents with human capital in [hy, har)

are teachers and agents with human capital above hyy work as managers.
3. Labor market clears: th;[ n(h) dF(h) = fohw dF (h)

4. Government budget is balanced: fhhvf w' dF(h) = [, Ty(h) dF(h)

Proposition 1 shows that agents with low (high) levels of human capital choose to become
workers (managers). Teachers, provided that w? > w + y(7~(w)), are to be found
in the middle of the human capital distribution. We now prove that, in equilibrium,
w? > w +y(77(w)) has to hold.

Proposition 2 Given a human capital distribution with support R* and a tax rate 7 > 0,
there is a positive mass of agents working in each occupation in equilibrium i.e. w’ >

w+ (7 Hw)) and hy < hay.

Proof:  First, we can show that the wage of workers is positive in equilibrium. If it was
not positive, the managers’” demand for labor would be infinite (see Equation (3)) and,
hence, the labor market condition could not be satisfied. Having proved that w > 0 in
any equilibrium, we know from Proposition 1 that a strictly positive mass of agents finds
it optimal to become workers and managers. To prove that there must also be a positive

mass of teachers in equilibrium, we use the government budget balance condition:

har 00
/ w? dF(h) = / Ty(h) dF(h) (17)

hw hr

Since there is a positive mass of workers and managers, production is positive and hence

proceeds of taxes are positive. If there is no teacher in the economy, we obtain:

13



> ry(h) dF(h
lim wr= lim thhy( ) 4F( >:oo (18)
hw

This would contradict the assumption that no agents find it optimal to become a teacher

and, hence, there must be a positive mass of teachers in the economy in equilibrium. B

To determine the equilibrium conditions of the static model, we combine the indiffer-
ence conditions and the market clearing condition. Agents with human capital hy are
indifferent between being a teacher and a worker and agents with human capital hy; are
indifferent between being a teacher and a manager. In addition, wages (w and w?) and
human capital cutoffs have to satisfy the balanced government budget and the labor mar-
ket clearing condition. The equilibrium in this static model can be summarized by the

following system of four equations and four unknowns:

w=w" —(hw) ) (19)

W’ = 5(ha) = (1= ) (2) 77 (1 = ) Aha) ™= (20)
AT (U=na\TF ooyt o,

wl =1 () " (21)

F(har) — F(hw)
F(hw) = (M)ﬁ /h Tt dF(h) (22)

w M

where Equations (19) and (20) come from agents’ indifference between occupations at the
cutoffs hy and hys, Equation (21) corresponds to the balanced government budget and

Equation (22) is the labor market clearing condition.

Figure 3 shows an example of equilibrium occupational choice by agents. The dotted lines
represent utility as a function of human capital under the three occupations. Workers get
a wage which is independent of their level of human capital. Teachers receive a wage and
incur a convex utility cost. The profit of managers is increasing and convex in human
capital (see Equation (4)). The solid line represents the equilibrium utility of agents as a
function of human capital i.e., the maximum of the utility across the three occupations.
In equilibrium, agents with human capital below Ay, become workers, agents with human
capital between hy, and hjy; become teachers agents with human capital above hj; are

managers.
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Figure 3: Occupational choice.

Notes: In this example, we assume y(z) = %, o = %, 7=0.1, A= 1 and F is a log-normal distribution with mean and
variance equal to one. Dotted lines represent utility under the three different occupations. The solid line represents the
equilibrium utility derived by agents as a function their level of human capital.
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2.4 Comparative statics

In this section, we study how the equilibrium changes as we change the tax rate 7. The
objective of this paper is to eventually analyze the effect of public education spending on
education quality, economic growth and income inequality in a dynamic version of the
model presented in this section. In a static one-period model, education plays no role in
the economy as there is no human capital accumulation. We can nevertheless study how
the quality of education changes as public spending increases. We measure the quality of

education as the aggregate human capital level of agents who decide to become teachers:

ha
S = h dF(h) (23)
hw

Figure 4 shows comparative statics for 7. Increasing 7 raises the incentive for agents to
become teachers as it increases teacher wage ceteris paribus. On the other hand, it also
decreases the net profit of managers and their labor demand which also makes teaching
relatively more attractive to agents. As a consequence, the mass of teachers increases and
the masses of workers and managers decrease as the tax is raised. This means that some
workers and managers switch to teaching when the tax rate is increased. As teaching
attracts more agents, the quality of education (5) also improves. However, it is apparent
from Figure 4 that there is a trade-off between production and quality of education.
This comes from the fact that improving the quality of education through higher public
education spending diverts agents from the productive sector of the economy. Manager
wage monotonically decreases with the tax rate. Worker wage and teacher wage, however,
are concave in the tax rate (inverted-U shape). The evolution of the worker wage depends
on the relative change in worker supply and demand following an increase in the tax rate.
Increasing the tax rate, increases the share of production going to teachers. On the other
hand, it also increases the mass of teachers in the economy and decreases total production,
which tends to decrease teacher wage. At low tax levels, the first effect dominates while
it is more than offset by the other two effects for high levels of tax rates generating the
concave relationship between tax and teacher wage in Figure 4. Even though teacher
wage is eventually decreasing in the tax rate, it always increases relatively to worker
and manager (mean) wage (Figure 4). This means that more public education spending
increases the relative wage of teachers so as to make it ever more attractive in our model.
Our model implies that relatively higher wages of teachers are associated with higher

levels of education quality.

16



45

35

25

25

Wage
N

15

08

Mass

Output

0.1 0.2 0.3 0.4 05 06
T
Wage
0.1 0.2 0.3 0.4 05 06
T

Mass of agents by occupation

Figure 4: Comparative statics for 7.

Notes: In this Table, we use v(z) = %, a= % and A = 1. F is a log-normal distribution with mean and variance equal to

one.

17

Education guality

Workers
— — —Teachers
~~~~~~~ Managers




3 A dynamic model of occupational choice, growth

and inequality

3.1 The dynamic model

In this section, we embed the static model into an overlapping generations model. We
assume that there is at any time a mass one of young and a mass one of old agents in
the economy. Agents live for two periods and only consume when old with preferences

similar to those described in the one-period model in Section 2.1:

w (h) = wy as a worker (24)
ul (h) = w] — v(h) as a teacher (25)
uf(h) = (1—a)[(1 - T)Ah]l_;‘)‘ (ﬁ) Casa manager
Wy
(26)

Each old agent is assumed to have one child so that there is a measure one of families
composed of one young and one old agent. When young, agents go to school and build

their level of human capital:

hip1 = athfl StBQ (27)

where h; is the level of human capital of the old agent in the family at time ¢, a; is an
idiosyncratic shock to the transmission of human capital to the child with distribution
Gi(a) and S; = [, hhvt 4: h dFy(h) is the quality of education measured as the human capital

of teachers per student.

An agent’s human capital is thus a function of her parent’s human capital, the quality of
the educational system when she is young and a random shock to her ability to absorb
the knowledge from her parent and teachers. The relative importance of parents and
education in the formation of human capital is captured by £, and (5. We assume that
p1+ B2 =1 and By € (0,1). An imperfect transmission of knowledge through the shock

a allows for social mobility across generations.

18



Dynamic Equilibrium Definition: Given an initial distribution of human capital Fy :

R* — [0,1], a distribution for the shock a (G) and a tax rate (1), a dynamic equilibrium

is a sequence of wages (wy, wl, m(h)), cutoffs (hwy, hary), demand for workers (ny(h)),

education quality (S;) and final good production (y;(h)) so that, at every period:

1.

2.

Given wages, firms maximize profit.

Given wages, agents mazximize utility by following a cutoff strategy in which agents
with human capital in [0, hy) become workers, agents with human capital in [hw,, har )

are teachers and agents with human capital above hyr, work as managers.

Labor market clears: [~ ny(h) dFy(h) = [Iwt dF,(h)

0

Government budget is balanced: fhhM’t wl dFy(h) = [ Ty(h) dFy(h)

Wit

Education quality is given by: Sy = f:‘ftt h dFy(h)

Human capital in the economy evolves as: hyy1 = atht’gl S,QBQ

In the remainder of the paper, we make the following assumptions regarding initial con-

ditions, functional form of (k) and the distribution of a;:

Ye(h) = 90%? (28)
log(ho) ~ N (po, 05) (29)
log(a) ~ N (jia, o2) (30)

where h; is the mean human capital level of old agents at time t.

The choice of the functional form of ,(h) enables us to obtain a strictly positive difference

in wages between workers and teachers in the long run. The shock to the transmission

of human capital is assumed to be the same across agents and across time. The dis-

tributional assumptions lead to the existence of a balanced growth path. Given these

assumptions, we can show that the distribution of human capital at any time ¢ has a

log-normal distribution. In particular,

log(hys1) ~ N (,ua + Bipie + Bolog(Sy), o2 + B%Utz) (31)
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2

In the long run, the variance of log(h;) converges to 1332. If 02 = 0, the distribution of
1

human capital converges to a degenerate distribution, in which case there is no income

inequality in the long run.

Balanced Growth Path Definition: A balanced growth path is a dynamic equilibrium

in which:

1. hwy, hare, St, Vi = th;t yi(h) dFy(h), wy and wl all grow at the same rate g.

3. The masses of workers, teachers and managers are constant.

In a balanced growth path, the growth rate of the economy (g) is given by:

1-61
l+g = et <i) (32)

eMt

9 = fpat (1= P1)[log(St) — pul (33)

Long-term growth in the economy is increasing in the quality of education (S;) relative
to the human capital level in the economy. This has two main consequences. First,
increasing the quality of public education leads to higher growth rates. Second, two
countries with the same level of public education expenditures can have different rates
of growth depending on the shape of the distribution of human capital in the economy.
Figure 5 shows the growth rate of an economy with similar public education expenditures
(as a share of GDP) but different shapes for the human capital distribution. In particular,
we vary the variance of the shock (0,). o, affects the variance and the tail of the human
capital distribution without directly affecting economic growth (Equations (31) and (32)).
This enables us to identify the effect of the shape of the human capital distribution on the
endogenously determined quality of teachers and on economic growth. Economies with
a fatter right tail of the human capital distribution (higher o,) attracts higher quality
teachers for a same level of public education expenditures. This, in turn, results in a
higher level of growth. In other words, the growth rate of the economy is not only a

function of the average level of human capital in the economy but also of higher-order
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Figure 5: Comparative statics at the steady state: oq.
Notes: In this Table, we use the following parameter values: A=1, a = 0.2, 51 = 0.4, ¢ = 0.01, pug = 3 and 7 = 0.05.

moments of the human capital distribution through their effect on the quality of teachers.?
This has implications for empirical studies trying to identify the effect of public education
expenditures on economic growth. In particular, one needs to control for the shape (tail)
of the human capital distribution in the economy when estimating the effect of public
education expenditures on economic growth. This may explain why several empirical
studies fail to find a robust significant effects of public education expenditures on economic

growth.

3.2 Education spending, growth and inequality

In this section, we focus on balanced growth paths and compare them for different values
of the tax rate 7. In this model, the tax rate 7 can also be interpreted as public education
spending as a share of GDP. We measure inequality using the 10/10 ratio i.e. the ratio
of (before-tax) incomes of the top 10% of the income distribution to the bottom 10% of

the income distribution.

Figure 6 confirms that the growth rate of the economy is an increasing function of the

20In a different context, Perla and Tonetti (2014) find a similar positive correlation with the thickness
of the tail of the productivity distribution and economic growth.
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share of GDP devoted to public education. Economies with higher tax rates 7 attract
more human capital in the education sector which accelerates growth in the economy.
Regarding inequality, our model implies that the relationship between public education
spending as a share of GDP and inequality (as measured by the 10/10 ratio) may be non-
monotone. In particular, this relationship may have a U shape which means that there
exists a tax rate which minimizes inequality.?! This also suggests that there is eventually
a trade-off between economic growth and income inequality in our model and that the

relationship between economic growth and inequality is non-monotone.

The effect of a tax change on inequality (measured by the 10/10 ratio) can be decomposed
into a direct effect of taxes on managers’ profit and a general equilibrium effect which is
the result of the tax change on equilibrium occupational choice, labor demand and supply,
and hence on wages. Given our choice of parameters, there is no teacher in either the
top or bottom 10% of the income distribution (over the relevant range of taxes) and the

10/10 ratio (before tax) can be written as:

we

1 (a(l-T frn 00 1
(1—a(l—7)ATs (M) Ji 0.0y BT dF;(h)

10/10 ratio, = 1L (34)
Eal—m= [ (AT

= 100 -a( - A - [0 (5T n @)

= 10(1 — a(l — 7))AT5 (a1 — 7)) = d(7) (36)

1
-«

where ®(7) = f;.il(o.g) <wit) dF;(h) depends on 7 through the effect of taxes on human
capital distribution, occupational choice and wages. In a balanced growth path, ®(7)

converges to a constant.

In a balanced growth path, the derivative of the 10/10 ratio with respect to the tax rate

1S:

21The parameter values for the numerical example in Figure 6 have been chosen so that there is no
teacher in either the top or bottom 10% of the distribution at any tax rate. This implies that the non-
monotone relationship between public education spending and inequality is not due to a change in the
occupational composition of the top or bottom of the income distribution.
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010/10 ratio  0ATS s (1 — 7—)210111
87— ]_ —

[

®(7)+10(1 — o1 — T))Aﬁ(au — 7)) TR (7)

General Equilibrium ef fect

Direct profit ef fect

(37)

The direct profit effect looks at the change in the (before tax) profit of managers keeping
the distribution and wages fixed. The general equilibrium effect takes into account the
change in human capital distribution, occupational choice and wages following a change
in tax rate. The direct effect on profit is always negative as an increase in the tax rate
decreases managers’ profit ceteris paribus. Depending on whether the general equilibrium
effect is positive or negative, the total effect of a change in education spending on inequal-
ity can be positive or negative. The sign of the general equilibrium effect depends on the
effect of a tax change on labor supply (workers) and demand (managers) which, in turn,
depends on the occupational choice of agents. Figure 6 (Panel E) shows that the general
equilibrium effect eventually becomes positive and offsets the direct profit effect so that
inequality starts increasing as the tax is raised. We can further decompose the general
equilibrium effect into two parts: one related to the direct effect of a change in education
spending on wages and the other related to the change in the distribution of occupations

in the economy. Using Equation (22) for equilibrium wage, we can write:

F(hwy) [i2109) BT dFi(h)
(Aa(l = 7)T= [ h== dFy(h)
U(r)
(Aa(1 = 7)™

1
Fi(hw,t) [ty o) T dFe(h)
where ¥(7) = r 09

1
S hTE dF(h)

The general equilibrium effect (gee) can then be decomposed as:
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(40)

o - u(r) v(r) )
ee = 10(1 —a(l—7))AT(a(l —71))T= - — + :
g ( ((Aa)m(l—oz)(l—T)m [Aa(1 — 7)]7=
DR 1 ot YO
Direct wzrge ef fect Distm’buti?):lal ef fect

The direct labor demand effect captures the direct effect of a change in the tax rate
on inequality i.e. the effect of the decreased demand for workers by managers after a
tax increase keeping constant the distribution, the mass of managers and the supply
of workers. This effect always increases inequality as measured by the 10/10 ratio. The
distributional effect measures the role of changing occupational choice as well as of human
capital distribution (since modifying public education spending changes the quality of

education, it also alters the human capital distribution).

The distributional effect can, in turn, be decomposed into two parts: one relates to the
change in labor supply (mass of workers) and the other to both changes at the top of the

human capital distribution and in the mass of managers.

f;’t‘il(ohg) hi=a dF,(h)

U(r) = Fihwy) —— (1)
Labor supply, th,t hi=e dE<h) .
Manager ‘d?stribution

1
S22 g0 hTE dFy(h)
where (1) = =2 ——
th,t t(h)

Panel C of Figure 6 shows that the mass of workers is decreasing in the tax rate. Ev-
erything else kept constant, a decrease in the supply of labor results in an increase in
wages and hence in a decrease in income inequality. The second term, which relates to
the distribution of managers, is increasing (Panel F of Figure 6). This term shows that,
ceteris paribus, a change in the human capital distribution resulting from better school

quality benefits the managers at the top of the distribution.

Overall, the effect of a change in public education spending as a share of GDP on inequality

can be decomposed into 4 different parts:
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010/10 ratio

= Direct profit ef fect + Direct labor demand ef fect

or
<0 >0
+  Labor supply ef fect + Manager distribution ef fect (43)
<0 >0

The sign of the derivative in Equation (43) depends on which effects dominate.

The effect of increasing education spending on inequality is ambiguous and depends on
the parameter values. Section 4 calibrates our model to data from 8 OECD countries in
order to determine whether some countries are in the decreasing part of the inequality -
public education relationship. In such a case, a country would have the opportunity to

increase its growth rate without increasing inequality.

Figure 7 shows the relationship between education spending and alternative measures of
inequality. In particular, we report the ratio of the income of the top and bottom 20%
(20/20 ratio), the Gini coefficient, the share of income held by the richest 20% and 10%.
In all cases, the relation between the tax rate and inequality is U-shaped. This shows
that the non-monotone relationship between education spending and inequality reported

in Figure 6 holds for other measures of inequality as well.

4 Quantitative exercise: 8 OECD countries

In this section, we provide numerical examples of the relationship between public ed-
ucation spending, economic growth and inequality for a sample of 8 OECD countries
Australia, Canada, France, Germany, Italy, Japan, United Kingdom and the US. For
each country, we set A = 1 and jointly calibrate the other parameters of the model (c,
p1, ¥, 1e and o,) to match 5 moments in the data: inequality, real GDP growth rate,
the fraction of teachers in the economy, the relative wage of teachers to other workers
and intergenerational income mobility. We obtain data on the share of workers in the
education and other sectors as well as corresponding wages from the International Labor
Organization. Data on inequality and public education spending as a share of GDP comes
from the World Bank. For all these variables, we use average values over the period 1991-
2010.22 Real GDP growth over the period 1991-2010 is obtained from the Penn World

22The period is chosen for two reasons: first, 20 years approximately correspond to one period in our
model and, second, data outside this time window is very scarce.
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Figure 7: Alternative measures of inequality.
Notes: In this Table, we use the following parameter values: A=1, o = 0.2, 51 = 0.4, ¢ = 0.01, pg = 3 and o4 = 0.85.
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Tables. Corak (2006, 2013) provide a summary of estimates of intergenerational income

elasticity from the empirical literature.

The parameter values used in this section are reported in Table 3. Table 4 compares
the targeted moments in the model and in the data. Using these calibrated parameter
values, we perform the following experiment: we vary the share of GDP spent on public
education and compute the corresponding change in inequality and growth predicted by

our model. The results of this experiment are reported in Figure 8.

Australia Canada France Germany Italy Japan UK UsS

o) 0.434 0.489 0.528 0.597 0.38¢ 0.489 0.396 0.301
B4 0.417 0.338 0.624 0.604 0.737 0.542 0.767 0.828
Y 0.178 0.140 0.119 0.165 0.018 0.414 0.130 0.015
a 1.085 0.982 0.725 0.531 0.365 0.865 0.542 0.331
04 1.255 1.215 0.820 1.018 1.030 1.019 1.059 1.093

Table 3: Parameter values

Each panel of Figure 8 represents one country. Inequality is measured on the left axis
(10/10 ratio) and annual growth rate on the right axis. The vertical line corresponds to
actual data over the period 1991-2010 in terms of public education spending (as a share
of GDP), inequality and real GDP growth. What our results indicate is that there is
some heterogeneity across countries. Growth in our model is generated by human capital
accumulation through public education. Higher levels of public education spending tend
to increase the quality of public education and hence lead to faster growth in the long run.
The effect of increased public education quality on inequality is ambiguous and depends
on the dominating effects as described in Equation (43). As exemplified in Section 3.2, the
relationship between public education spending (or quality) and inequality is potentially
U-shaped. As a consequence, countries in the decreasing part of this U-shaped relationship
can potentially raise their growth rate and decrease inequalities by increasing their public
education expenditures. On the other hand, countries in the increasing part of the U
face a trade-off between growth and inequality. According to our calibration, Italy, the
UK and the US are in the decreasing part of the U-shaped relationship between public
education spending and inequality while Australia, Canada, Germany, France and Japan

are in the increasing part.
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Australia Canada France Germany

Data Model Data Model Data Model Data Model

GDP growth 0.57 0.57 0.40 0.40 0.21 0.21 0.23 0.23
10/10 ratio 1.1 111 9.5 9.5 7.9 7.9 7.3 7.3
Share of teachers 0.07  0.08 0.06  0.09 0.06  0.08 0.05  0.07
Teacher wage relative to other workers 1.14 1.14 1.08  1.09 1.08  1.08 1.04 1.04
Income elasticity 0.26  0.26 0.19 0.19 0.41 041 0.32  0.32
ITtaly Japan UK Us

Data Model Data Model Data Model Data Model

GDP growth 0.13 0.13 0.11 0.11 0.51 0.51 0.34 0.34
10/10 ratio 12.9 12.9 9.2 9.2 13.4 13.4 18.5 18.5
Share of teachers 0.06 0.09 0.04  0.05 0.08 0.10 0.09 0.13
Teacher wage relative to other workers 1.01  1.02 1.25  1.25 1.11 1.11 1.02  1.03
Income elasticity 0.50  0.50 0.34 0.34 0.50  0.50 0.47 047

Table 4: Targeted moments: model vs data

Table 5 reports the effect of an increase by one percentage point of the share of GDP
spent on public education on growth and inequality predicted by our model. Our model
prediction for the change in annual growth rate following a one-percentage-point increase
in public education spending ranges from 0.1% for the US to 0.49% for Japan. On the
other hand, the prediction regarding inequality goes from a decrease by —1.10% of the
10/10 ratio for the US to an increase by 0.92% for Japan. The last column reports the
semi-elasticity between inequality and growth, i.e., the percentage change in inequality
associated with a one-percentage-point increase in growth. This measures the trade-
off between growth and inequality that different countries face in our model. Higher
positive values correspond to a stronger trade-off, i.e., a higher cost in terms of increased
inequality for a given increase in growth. Negative values imply that more growth would
be associated with lower inequality. Our calculations indicate that Germany faces the

strongest trade-off and the US the highest “free-lunch” in terms of growth and inequality.

Overall, our quantitative examples suggest that there may be heterogeneity across coun-
tries in terms of the trade-off (or the absence thereof) between growth and inequality
through public education spending. Some countries may be able to raise their economic
growth rate while decreasing inequalities at the same time. In Appendix A.3, we report
similar results using different measures of inequality. We find similar heterogeneity across

countries and systematically find the US and the UK facing no trade-off between growth
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Growth Inequality(10/10 ratio) Semi-elasticity

Data Prediction A g Data Prediction AZ;Z’;’I Aii?sz;]‘
Australia 2.27% 2.69% 0.42% 11.13 11.17 0.35% 0.83
Canada 1.69% 2.09% 0.40% 9.53 9.57 0.48% 1.19
France 0.97% 1.22% 0.25% 7.88 7.94 0.79% 3.11
Germany 1.06% 1.34% 0.28% 7.33 7.40 0.91% 3.24
Italy 0.60% 0.80% 0.20% 12.87 12.82 —0.41% -2.08
Japan 0.50% 0.99% 0.49% 9.24 9.33 0.92% 1.89
UK 2.07% 2.21% 0.15% 13.38 13.37 —0.05% -0.32
UsS 1.47% 1.58% 0.10% 18.54 18.34 —1.10% -10.48

Table 5: Predicted change in annual growth and inequality after a one-percentage-point increase in public education
spending

and inequality (except when inequality is measured by the Gini coefficient).

5 Conclusion

Public education is often seen as promoting economic growth through human capital
accumulation and as decreasing inequality by providing the same level of education to
all. This paper revisits the role of public education expenditures on these two important
aspects: growth and inequality. First, we provide a model of occupational choice with
an endogenous supply of teachers. We derive an explicit relationship between relative
teacher quality and the rate of economic growth. We further show that the same level of
public education expenditures does not have the same impact on growth in two economies
differing in their distribution of human capital. In particular, countries with a fatter right
tail of the distribution of human capital can attract teachers of relatively better quality
for the same level of public education expenditures. This suggests that empirical studies
aiming at identifying the role of public education (expenditures) on economic growth
should control for higher orders of the human capital distribution (beyond the mean level

of human capital).

Second, we empirically show that the relationship between public education expenditures
and income inequality is not monotone (U-shaped) in a cross-section of countries and
across US states. We obtain the same result in our model of occupational choice when
substitution between different types of workers is not perfect. In particular, managers and

workers are assumed to be imperfect substitutes in production. Managers’ human capital
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determines their span of control and their demand for workers. Increased public educa-
tion expenditures directly affects income at the top of the distribution (through increased
taxation). In addition, better educational quality affects the shape of the human capital
distribution and occupational choice. This, in turn, modifies the supply and demand for
labor and hence income inequality. Depending on which effect dominates, raising public
education expenditures can have a negative or positive effect on income inequality gener-
ating an overall U-shaped relationship between public education and income inequality. In
particular, we show that increasing public education spending eventually benefits agents
at the top of the human capital distribution relatively more, even though it raises the
production efficiency of all agents. From that perspective, our model has different policy
implications depending on whether the economy belongs to the decreasing or increasing
part of the U-shaped relationship between public education and inequality. Countries in
the decreasing part could reduce inequality and increase growth through increased public
education spending. Countries on the increasing part face a trade-off between growth and
inequality. Increasing public education expenditures would lead to higher growth and
higher income inequality. The optimal level of public education depends in this case on

the preference of the country in terms of growth and inequality.

Finally, we calibrate our model to 8 OECD countries. Our results suggest that some
countries (among which the US and the UK) may be in the decreasing part of the public
education-inequality relationship. This implies that they could decrease income inequality
and increase growth through an increase in public education expenditures. Other countries

face a trade-off between growth and inequality.

32



References

ALVAREDO, F., A. ATKINSON, T. PIKETTY, anD E. SAEZ (2013): “The Top 1% in

International and Historical Perspective,” Journal of Economic Perspectives, 27(3), 1-
21.

Awvarez, F. E., F. J. BUErA, anp R. E. Lucas (2013): “Idea Flows, Economic
Growth, and Trade,” NBER Working Papers 19667, National Bureau of Economic

Research, Inc.

AzARIADIS, C., AND A. DRAZEN (1990): “Threshold externalities in economic develop-
ment,” Quarterly Journal of Economics, pp. 501-526.

BARRO, R. (2001): “Human Capital and Growth,” American Economic Review, 91(2),
12-17.

BARRO, R. J. (1991): “Economic Growth in a Cross Section of Countries,” Quarterly
Journal of Economics, 106(2), 407-443.

BARRO, R. J., anp J. W. LEE (2013): “A new data set of educational attainment in
the world, 1950-2010,” Journal of Development Economics, 104, 184-198.

BENHABIB, J., aAND M. M. SPIEGEL (1994): “The role of human capital in economic

development evidence from aggregate cross-country data,” Journal of Monetary Eco-
nomics, 34(2), 143-173.

BrankeENAU, W. F., N. B. SIMPSON, aND M. TOMLJANOVICH (2007): “Public educa-

tion expenditures, taxation, and growth: Linking data to theory,” American Economic
Review, 97(2), 393-397.

BrAUN, D. (1988): “Multiple Measurements of U.S. Income Inequality,” Review of Eco-
nomics and Statistics, 70(3), 398-405.

CARD, D. (1999): “The causal effect of education on earnings,” Handbook of Labor
Economics, 3, 1801-1863.

CARrD, D., anp J. E. DINARDO (2002): “Skill-Biased Technological Change and Rising

Wage Inequality: Some Problems and Puzzles,” Journal of Labor Economics, 20(4).

33



CARD, D., anp A. B. KRUEGER (1992): “Does School Quality Matter? Returns to
Education and the Characteristics of Public Schools in the United States,” Journal of
Political Economy, 100(1), 1-40.

CoHEN, D., anp M. Soto (2007): “Growth and human capital: good data, good
results,” Journal of Economic Growth, 12(1), 51-76.

CorAK, M. (2006): “Do Poor Children Become Poor Adults? Lessons from a Cross
Country Comparison of Generational Earnings Mobility,” IZA Discussion Papers 1993,
Institute for the Study of Labor (IZA).

——— (2013): Inequality from Generation to Generation: the United States in Com-
parison,chap. in Robert Rycroft (editor), The Economics of Inequality, Poverty and
Discrimination in the 21st Century. ABC-CLIO.

Davip, H., A. MANNING, aND C. L. SMITH (2016): “The contribution of the minimum

wage to US wage inequality over three decades: a reassessment,” American Economic
Journal: Applied Economics, 8(1), 58-99.

EASTERLY, W., aAND S. REBELO (1993): “Fiscal policy and economic growth,” Journal
of monetary economics, 32(3), 417-458.

ECKSTEIN, Z., aND 1. ZILCHA (1994): “The effects of compulsory schooling on growth,

income distribution and welfare,” Journal of Public Economics, 54(3), 339-359.

EeckHouT, J., anp B. JovaNnovic (2012): “Occupational choice and development,”
Journal of Economic Theory, 147(2), 657-683.

FrRANK, M. W. (2014): “A new state-level panel of annual inequality measures over the
period 1916-2005.,” Journal of Business Strategies, 31(1).

GALOR, O., aND J. ZEIRA (1993): “Income distribution and macroeconomics,” Review
of Economic Studies, 60(1), 35-52.

GLoMM, G., AND B. RAVIKUMAR (1992): “Public versus private investment in human

capital: endogenous growth and income inequality,” Journal of Political Economy, pp.
818-834.

GrLoMmM, G., anD B. RAVIKUMAR (2003): “Public education and income inequality,”
European Journal of Political Economy, 19(2), 289-300.

34



GoODSPEED, T. J. (2000): “Education Spending, Inequality and Economic Growth:
Evidence from US States,” Discussion paper, mimeo, Hunter College-CUNY, New York.

GUVENEN, F., B. Kuruscu, anp S. OzZKAN (2014): “Taxation of human capital and

wage inequality: A cross-country analysis,” Review of Economic Studies, 81(2), 818~
850.

HaNUSHEK, E. A., anp D. D. Kimko (2000): “Schooling, labor-force quality, and the

growth of nations,” American Economic Review, pp. 1184-1208.

HANUSHEK, E. A.; anD S. G. RIVKIN (2010): “Generalizations about using value-added

measures of teacher quality,” American Economic Review, 100(2), 267-271.

HANUSHEK, E. A., aAND L. WOESSMANN (2012): “Do better schools lead to more growth?

2

Cognitive skills, economic outcomes, and causation,” Journal of Economic Growth,

17(4), 267-321.

(2015): The knowledge capital of nations: Education and the economics of
growth. MIT Press.

Karz, L. F., ET AL. (1999): “Changes in the wage structure and earnings inequality,”
Handbook of Labor Economics, 3, 1463-1555.

KELLER, K. R. (2010): “How Can Education Policy Improve Income Distribution?: An

Empirical Analysis of Education Stages and Measures on Income Inequality,” Journal
of Developing Areas, 43(2), 51-77.

KRUEGER, A. B., anp M. LINDAHL (2001): “Education for Growth: Why and For
Whom?,” Journal of Economic Literature, 39, 1101-1136.

LEVINE, R., anp D. RENELT (1992): “A sensitivity analysis of cross-country growth

regressions,” The American economic review, pp. 942-963.

Lucas, R. E. (1978): “On the Size Distribution of Business Firms,” Bell Journal of
Economics, 9(2), 508-523.

Lucas, R. E. (1988): “On the mechanics of economic development,” Journal of Monetary
Economics, 22(1), 3-42.

Lucas, R. E. (2009): “Ideas and Growth,” Economica, 76(301), 1-19.

35



Lucas, R. E., axnp B. MoLL (2014): “Knowledge Growth and the Allocation of Time,”
Journal of Political Economy, 122(1), 1 - 51.

LUTTMER, E. G. J. (2014): “An Assignment Model of Knowledge Diffusion and Income
Inequality,” Working Papers 715, Federal Reserve Bank of Minneapolis.

Mankiw, G. N.; D. ROMER, anDp D. N. WEIL (1992): “A contribution to the empirics
of economic growth,” Quarterly Journal of Economics, 107(2), 407-437.

MANUELLI, R. E., AND A. SESHADRI (2014): “Human capital and the wealth of nations,”
American Economic Review, 104(9), 2736-2762.

MINCER, J. A. (1974): “Age and Experience Profiles of earnings,” in Schooling, experi-
ence, and earnings, pp. 64-82. NBER.

PERLA, J., aAnD C. TONETTI (2014): “Equilibrium Imitation and Growth,” Journal of
Political Economy, 122(1), 52 — 76.

PIKETTY, T., AND E. SAEZ (2003): “Income Inequality in the United States, 1913-
1998.,” Quarterly Journal of Economics, 118(1).

PikeTTY, T., E. SAEZ, AND S. STANTCHEVA (2014): “Optimal Taxation of Top Labor

Incomes: A Tale of Three Elasticities,” American Economic Journal: Economic Policy,
6(1), 230-271.

ROMER, P. M. (1990): “Endogenous technical change,” Journal of Political Economy,
98.

SAINT-PAUL, G., aAND T. VERDIER (1993): “Education, democracy and growth,” Jour-
nal of Development Economics, 42(2), 399-407.

SUNDE, U., anD T. VISCHER (2015): “Human Capital and Growth: Specification Mat-
ters,” Economica, 82(326), 368-390.

SYLWESTER, K. (2002): “Can education expenditures reduce income inequality?,” Eco-
nomics of Education Review, 21(1), 43-52.

UNESCO (2011): Global Education Digest 2011. UNESCO, Paris.

ZHANG, J. (1996): “Optimal public investments in education and endogenous growth,”

Scandinavian Journal of Economics, pp. 387-404.

36



A Appendix

A.1 Data description: cross-country regressions

This appendix describes the data used in Table 1. We use 6 different measures of in-
equality. Five of them are obtained from the World Bank: the Gini coefficient (gini),
the ratio of income at the top 10% of the income distribution to the bottom 10% (10/10
ratio), the ratio of income from the top 20% of the income distribution to the bottom
20% (20/20 ratio), the share of income going to the top 10% of the income distribution
(Top 10%) and to the top 20% (Top 20%). We also use an alternative measure of the
Gini coefficient from the Standardized World Income Inequality Database (gini SWIID).
Data on public education spending as a share of GDP (pub. educ.) is obtained from
the UNESCO database. Real GDP per capita (gdp), growth rate of real GDP (growth),
public expenditures as a share of GDP (pub. exp.), openness measured by the share of
imports and exports in GDP (open) and the growth rate of the population (pop. growth)
come from the World Bank database. Private credit by deposit money banks and other
financial institutions to GDP (priv. cred.) is used as a measure of the financial devel-
opment of the country and is obtained from the IMF International Financial Statistics.
We also control for the average level of education measured by the average total number
of years of schooling (school) from the Barro and Lee database (Barro and Lee (2013)).
We use the measure of civil liberties (civil right) computed by Freedom House. Data are
averaged over the period 1991-2010.

A.2 Data description: US states regressions

We obtain US state-level income inequality data from Frank (2014) covering top 10%
and top 1% income shares, Gini coefficients, Theil indexes, the relative mean deviation
(rmeandev) and the Atkinson index with 5% inequality aversion parameter (atkin05) as
well as the share of the population with at least a high school degree (school).?3. We also
use data on state-level on public education spending as a share of GDP (pub. educ.), total
state and local public expenditures (pub. exp.)** and GDP and income growth data from
the Bureau of Economic Analysis regional economic accounts. We collect data on average

teacher wages (teach. wage) at the state level from the National Education Association.

2Data is available at http : //www.shsu.edu/eco.mw f Jinequality.htmi.
24Source: usgovernmentspending.com.
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Population growth data comes from the US Census Bureau (https://www.census.gov).
Data are averaged over the period 2004 - 2010. District of Columbia is excluded from the

sample when working with public expenditures.
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A.3

Country analysis: alternative
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Inequality (left axis)
Growth (right axis)

39

Public education spending (Share of GDP)

Annual growth rate Annual growth rate Annual growth rate

Annual growth rate



Public education spending (Share of GDP)

Public education spending (Share of GDP)

USA UK
o 03 T T T % o 0.29 T
£ 005 £ 5 {0.08
o o
£ / - —
= - & &
2 —— == - w = e -
= - ——— 10 % = 7‘/—- ____________ 410
o o
. 0'290 D‘DS DI1 0115 0.2 r 0'280 0.05 DI1 D‘15 0.2
Public education spending (Share of GDPF) Public education spending (Share of GDP)
Germany Japan
o 04 T 2o 025 v v
5 j0.05 £ § = {0.08
Q o =
£ RS =
< 03 / 1 5= “7 -
o e —— — o
o P 0 oE3 a0
" 0'20 D‘DS DI1 0115 0.2 " 0'2450 DIDS Dl1 IJI15 0.2
Public education spending (Share of GDP) Public education spending (Share of GDP)
France Australia
o 0.4 T % e .
5 005 Z 8§ 40.05
Q o
c s c -
2 03¢ / i =R - -
< B N T o z2 At Sy In
s E g
=02 . - - £ F 025 - :
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
Public education spending (Share of GDP) Public education spending (Share of GDP)
Canada ltaly
2 0.4 T 2 2 03 .
§ 40.05 § § 40.05
= 031 I 1 2 g 028t i .
N R 283 =
% %ﬂ - 10 g 2 ,,.{:—' —_—— 40
=02 L . L T~ 026 L L L
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2

Annual growth rate Annual growth rate Annual growth rate

Annual growth rate

— — —Inequality (left axis)
Growth (right axis)

Figure 10: Calibration results: Top 10% share of income.
Notes: The dashed line represents inequality (left axis) and the solid line growth (right axis) for different levels of public
education spending. The vertical line indicates actual data on public education spending, economic growth and inequality.

40



USA

Public education spending (Share of GDP)

— — —Inequality (left axis)
Growth (right axis)

Figure 11: Calibration results: Top 20% share of income.
Notes: The dashed line represents inequality (left axis) and the solid line growth (right axis) for different levels of public
education spending. The vertical line indicates actual data on public education spending, economic growth and inequality.
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Figure 12: Calibration results: Gini.
Notes: The dashed line represents inequality (left axis) and the solid line growth (right axis) for different levels of public
education spending. The vertical line indicates actual data on public education spending, economic growth and inequality.
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